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Summary
Background Excess salt and sugar consumption contribute to diseases, such as diabetes and hypertension. This study
aimed to estimate salt and sugar intakes and main sources, in a population of adults in the Central Division of Fiji.

Methods One adult per household was randomly selected to participate (n = 700). Sociodemographic characteristics;
blood pressure, weight, and height; a 24-h diet recall; and spot-urine samples were collected, with 24-h urine samples
from a sub-sample (n = 200). Sugar intake was estimated from the 24-h diet recalls and salt intake from the spot-
urines. 24-hr diet recall was used to identify main sources of salt and sugar by food groups.

Findings 534 adults (response rate 76%, 50% women, mean age 42 years) participated. Salt intake was 8.8 g/day (95%
CI, 8.7–9.0), and free sugar intake was 74.1 g/day (67.5–80.7), 16.1% of total energy intake (15.0–17.1%). Main
sources of salt were mixed cooked dishes (40.9% (38.2–43.5)), and bread and bakery products (28.7% (26.5–31.0)).
Main sources of sugar were table sugars, honey, and related products (24.3% (21.7–26.8)), non-alcoholic beverages
(21.4% (18.8–24.0)) and bread and bakery products (18.0% (16.2–19.9)).

Interpretation Salt and sugar intakes exceeded World Health Organization recommendations in this sample of adults.
Given dietary sources were foods high in salt and sugar, along with the addition to food or drinks, interventions
focused on behavior along with environmental strategies to encourage healthier choices are needed.
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Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Salt; Sugar; Small Island developing states (SIDS); Pacific; Hypertension; Obesity
Introduction
Fiji has a non-communicable disease (NCD) crisis, with
NCDs accounting for 84% of mortality in 2019,1 pri-
marily due to cardiovascular disease.1,2 There is a high
prevalence of diet-related cardiovascular disease risk
factors in Fiji, including diabetes, hypertension, and
obesity.3 This poses a significant and ongoing health and
economic burden4 that hinders Fiji in reaching its sus-
tainable development goals.5

The rising prevalence of diet-related disease has in
part been attributed to a nutrition transition in Fiji.6–8
*Corresponding author. The George Institute for Global Health, Level 18, In
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Over time there has been an increased reliance on im-
ported foods and decrease in self-sufficiency, with im-
ported processed foods replacing traditional staples.6,7

Salt and sugar are prominent ingredients in many im-
ported foods and key contributors to hypertension, dia-
betes and obesity, when consumption is high, making
them specific nutrients to target for reduction.9–11 The
2014 Nutrition Survey of people aged ≤45 years in Fiji
reported an average carbohydrate intake of 481 g/day,
with most carbohydrates coming from flour products
and rice. Sugar intake was not determined as it was not
ternational Towers 3, 300 Barangaroo Ave, Sydney, NSW, Australia.
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Research in context

Evidence before this study
Excess dietary salt and sugar intake are known to increase the
risk of hypertension, obesity, and diabetes, with Pacific Island
Countries experiencing some of the highest rates of diet
related ill health globally despite proactive food policy setting.
The last nationally representative survey on non-
communicable disease risk factors in Fiji was in 2011,
estimating that 31% of the adult population had raised blood
pressure, and 32% were living with obesity. Research
conducted in 2016 estimated that adults consume
approximately 10 g of salt per day, twice the maximum
recommended amount by the World Health Organization
(WHO). Sugar intake is assumed to be high, given the
accessibility of sugar and products high in sugar in the Fijian
market and reported behaviors of people adding sugar to
drinks from the Fiji National Nutrition Survey conducted in
2014/15. However, information on how much sugar adults in
Fiji were consuming was unknown, making an important gap
in the literature.

Added value of this study
This cross-sectional survey of over 500 adults in the Central
Division of Fiji, found that people were consuming just under
double the maximum recommended amount of salt, and

three times the “ideal” amount of sugar, according to WHO.
Further, it was evidenced that people are consuming salt and
sugar in their diets from foods high in salt and sugar (such as
bread and bakery products) and from adding salt and sugar to
food (for example to home cooked mixed dishes) and drinks.
For sugar, people were consuming approximately 50% of their
sugar intake by drinking it, in the form of adding sugar to hot
drinks or via sugar sweetened beverages. These findings add
important new data, identifying that food policies and diet
focused interventions need to be strengthened in Fiji and
targeted at the individual and food environment levels.

Implications of all the available evidence
This study confirms the hypothesized high intakes of sugar in
the Central Division of Fiji. We have also shown that there has
been limited reductions in salt consumption since 2016.
Urgent action and interventions are needed in parallel with
policy support and strengthening to reduce the amount of
salt and sugar in foods available on the Fijian market and to
encourage the reduction of salt and sugar use when preparing
food and drinks. Such efforts are required to curb intakes of
salt and sugar in Fiji and aid the reduction of the diet related
burden of disease, the leading cause of premature death in
Fiji.
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available in nutrient composition tables. However,
almost 90% of respondents reported adding sugar to
their hot drinks each day, with more than 30% of the
households consuming “fizzy drinks” (sugar sweetened
beverages) weekly.12 In a 2016 study based on a random
sample of 272 adults, salt intake was estimated to be 10
g/day using 24-h urine samples.13 It is not known if salt
intake has changed since the 2016 survey.

Fiji has been progressive in introducing diet-related
health policy with a focus on prevention, management,
and behavior change.14–16 For example, in 2018, Fiji
implemented a Sugar Sweetened Beverage (SSB) Tax, by
an excise duty of 35 cents per litre of SSB (approximately
$0.17USD).17 These policies may have reduced con-
sumption of sugar, however, monitoring data are not
available. With a view to helping Fiji achieve Sustainable
Development Goal 3 “Good Health and Wellbeing”,18

this study aimed to estimate salt and sugar intake, and
the main sources of salt and sugar in the diet, in a
representative sample of adults from two areas within
the central division of Viti Levu, Fiji as a baseline against
which policy implementation can be monitored.
Methods
This study was part of a project designed to strengthen
food policy interventions in Fiji.14 The objective of this
larger project was to identify factors needed to achieve
effective food policy implementation for a healthier food
environment in the Pacific.

Sample size and recruitment
We focused on the Central Division of Fiji, the most
populated area of Fiji. This area was also selected for ease
of collection of urine samples as they needed same-day
analyses. Two enumeration areas within the Central Di-
vision of Fiji were randomly selected. A minimum
sample size of 700 (350 for each area) was calculated to
achieve at least 80% power to detect a 0.6 g/day change in
salt intake (SD 3.6) and a 0.9 absolute percent change in
free sugar intake (SD 5.4) if the survey was to be repeated
in 5 years, accounting for 16% non-response rate.14 As the
most recent census data from 2017 was inaccessible at
the time of this study, a comprehensive household listing
of the two areas was conducted from October to
December 2021. Basic demographic data were collected
from each household for each individual aged 18 years or
older. These data were used to select a proportionate
stratified sample by age, sex, and ethnicity.

Permission to enter villages and conduct the survey
was gained through local village chiefs. Research assis-
tants visited the houses of selected participants to
inform them of the study and invite them to participate.
If no-one, or only a person under the age of 18, was at
home, then a repeat visit was made at a later time.
Participant information sheets and consent forms were
www.thelancet.com Vol 46 May, 2024
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available in English, Hindi and Fijian. Research assis-
tants orally translated written material into the local
language when needed. Surveys were mainly conducted
on weekdays (Monday—Friday), unless specifically ar-
ranged with a participant to collect data on a Saturday.
The surveys took approximately an hour to complete,
taking place in the participant’s home or another
convenient space. Digital survey questionnaires,
administered using Samsung tablets, were used to re-
cord: 1) a general questionnaire on basic demographics,
disease history and medication use; 2) a 24-h diet recall
survey; 3) a Knowledge, Attitudes and Behaviours survey
for salt and sugar, and questions on food security; 4)
measurement of height, weight, waist circumference
and blood pressure; and 5) results of a spot-urine sam-
ple. A random sub-sample of the population (n = 200)
completed a 24-hr urine sample (Fig. 1).

Demographic and health questionnaire and
physical measurements
Participant demographic data were collected, including
information on sex, age, ethnicity, highest education
level attained, and household type (living alone vs
sharing). Physical measurements, including height,
weight and waist circumference and three blood pres-
sure readings, were taken following the WHO STEPS
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Fig. 1: Flow chart of survey data collection (“Q and A”, Questio
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standardized procedure.19 Blood pressure was measured
using a digital automatic blood pressure monitor
(OMRON M6). Living with hypertension was classified
as systolic blood pressure ≥140 mmHg or diastolic
blood pressure ≥90 mmHg or self-report of taking anti-
hypertensive medications. During data analysis the
mean of the second and third readings was calculated.
Height was measured using a portable height
measuring board. The height in centimeters at the exact
point to the nearest mm was recorded. Weight was
measured in kilograms using a portable weighing scale.

24 hr multiple pass dietary recall survey
Multiple pass 24 h dietary recalls were chosen to collect
diet intake information based on having a lower
respondent burden, compared to other methods (for
example weighed food diaries or seven day recalls).20

The validated Intake24 diet recall application21–23 was
adapted for Fiji from the Intake24 UK and New Zealand
food composition database.21 We updated by inputting
the top 100 most consumed foods in Fiji based on the
2014 national nutrition survey and discussed with key
stakeholders (including authors AK, AD, see
Supplementary Methods “List of 100 commonly
consumed foods, used to inform adaptation of
Intake24”). These items were matched to food items
mly selected to par�cipate:
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already within the Intake24 food composition database,
following guidance by the Intake24 team and Food and
Agriculture Organization, by matching foods to other
foods within 25% for key nutrient components.24 Foods
that were not in the system were matched with those
close in description. For instance fern fronds with
spinach, shark meat with fish, and meaty bone soup
with beef soup. Use of the adapted Intake24 application
and database meant data on the sugar content of foods
was available, which is currently lacking from the Pacific
Island Food Composition Tables.25 Foods and drinks
consumed in the past 24-h were entered directly into the
Intake24 application by the research assistant. Food and
drink items entered into Intake24 link automatically
with the food composition database, with automatic
conversion into nutrient intake data (including infor-
mation on mean energy, salt and sugar intake).

24 hr multiple pass diet recall process
Research assistants guided participants through the 24-hr
diet recall, with prompts to gain extra information on
portion size of foods consumed, how the food was
cooked, and exact brands of foods (where applicable). The
diet recall process was aided by the Intake24 application,
which is designed to prompt the “gold standard”multiple
pass diet recall method, whereby general information on
food eaten at a specific time (for example, breakfast,
morning snack, lunch, afternoon snack, dinner) is
recorded and then there are multiple rounds of checks
for further information on each specific food and drink
item. Each food item was searched for within Intake24,
and then images were provided for each food item with
portion size prompts (for example, pictures of the food
items on plates, or in terms of cups or spoons, along with
fullness levels), to aid accuracy in reporting the portion
size of the food or drink consumed.

Spot and 24-h urine samples
All participants were asked to provide a spot urine
sample at the time of the survey to estimate urinary salt.
A sub-sample of stratified participants (n = 200) were
also asked to provide a 24-hr urine sample so that we
were able to compare measurements from these
different approaches.26 Those selected for 24-hr urine
collection, collected their urine for a 24-h period within
three days of the initial survey. Participants provided the
time of the first and final void, and reported any issues
with collection, such as missed collection or spillage.
Urine samples were collected on the day of completion
and transferred to a local laboratory where the volume of
both the spot and 24-h urine collections was measured.14

Urinary sodium and potassium were determined using
ion selective electrode method on electrolyte analyzer
(XI-921) using reagents from Caretium, Shenzhen,
China. Urinary creatinine was measured by the Jaffe
method using an autoanalyzer (C 311) with reagents
from Roche Diagnostics, Switzerland.
Data processing
From the 24-h diet recall, mean salt and sugar intakes
were calculated as grams per day. We also reported
sugar intake as a percentage of total energy intake
overall, and as a percentage of energy intake excluding
sugars from fruits, vegetables, and milk to obtain an
estimate of free sugar consumption.9 The contribution
of sugar intake to total energy intake was calculated by
multiplying sugar intake (in grams) by an Atwater factor
of 17 and dividing by the energy intake.27

A food categorization system was developed based on
previous surveys in Fiji.12,28 Foods reported during the
24-h diet recall were assigned to one of 17 food cate-
gories (1–alcohol, 2–bread and bakery products, 3–cereal
and grain products, 4–coconut products, 5–confection-
ery, 6–convenience foods (including takeaway meals),
7–dairy, 8–edible oil and oil emulsions, 9–egg and egg
products, 10–fruit, vegetables, nuts and legumes, 11—
meat, poultry and meat alternatives, 12—mixed cooked
dishes, 13—non-alcoholic beverages, 14—sauces,
dressings, spreads and dips, 15—seafood and seafood
products, 16—snack foods (sweet and savory snacks),
and 17—table sugars, honey and related products (such
as syrups and molasses), Supplementary Table S1. The
main sources of sugar and salt in the diet were identi-
fied by calculating the percent contribution of each of
the 17 major food categories, by dividing the sugar/salt
consumed from each category by the total sugar/salt
intake.

For spot urine samples, salt intake was estimated
using the INTERSALT with potassium equation.29 To
determine daily salt intake from 24-h urine samples,
24-hr sodium excretion (in mmol/day) was obtained by
multiplying the sodium concentration (in mmol/L) by
the urine volume (L). This was transformed to mg/day
by multiplying by 23 (the molar mass of sodium is 23 g/
mol) and then by 2.5 (1 mg sodium = 2.5 mg salt). The
resulting value was divided by 1000 (1 g = 1000 mg) to
obtain salt intake in g/day. 24-hr urine samples were
excluded from analysis if the volume was <500 ml, if
creatinine <4 or >25 mmol/24 h for females or if
creatinine <6 or >30 mmol/24 h for males.

Each participant had a unique identifier common
across the data collection application and the Intake24
application. Participant specific information was
consolidated across spreadsheet based on unique iden-
tifier in an excel spreadsheet and imported into STATA
BE V17.0 for data analysis.

Data analysis
Complete case analyses were conducted, after 45 people
(7%) were removed from the analysis due to missing, or
implausible data, based on World Health Organization
NCD STEPs survey guidance.30 We analysed the survey
data using STATA BE V17.0 for Windows (Stata Corp
LP, College Station, TX, USA). Analyses were weighted
to reflect the probability of individual selection (sample
www.thelancet.com Vol 46 May, 2024

http://www.thelancet.com


Articles
weight) and to match the population structure of Deuba
and Waidamudamu (population weight). Weights were
based on age (18–44, 45–85), sex (female, male), and
ethnicity (iTaukei (Indigenous Fijian) and Fijian of In-
dian descent or others)) and the reported population
structure of the respective regions in Viti Levu (popu-
lation weights), based on the community listing re-
sponses. The svy command in STATA was used, and the
Taylor linearization method was employed for variance
estimation. Results were reported as mean (for contin-
uous variables) or proportion (for categorical variables)
with standard error (SE) or 95% confidence interval (CI)
as appropriate. The results were reported for major
participant subgroups according to sex (women, men),
age group (18–44 and 45–85) and ethnicity (iTaukei
(Indigenous Fijian) and Fijian of Indian descent or
others). The differences (in intakes and percent contri-
bution) by subgroups were determined using survey-
weighted regression analyses.

Ethical standards disclosure
This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all pro-
cedures involving research study participants were
approved by the University of New South Wales
(# HC200469) and Fiji National University College
of Human Health Research Ethical Committee
(CHHREC264.20). Written informed consent was ob-
tained from all participants.
Variables Weighted estimates

Sex (%, 95% CI)

Female 50.4 (45.9–54.8)

Male 49.6 (45.2–54.1)

Age, years (mean, 95% CI) 41.7 (41.0–42.4)

Age group (%, 95% CI)b

18–44 years 63.6 (59.4–67.6)

45 years and above 36.4 (32.4–40.6)

Ethnic background (%, 95% CI)

iTaukei 46.3 (41.9–50.8)

Fijian of Indian descent or otherc 53.7 (49.2–58.1)

Area (%, 95% CI)

Deuba 60.0 (55.7–64.1)

Waidamudamu 40.0 (35.9–44.3)

Education (%, 95% CI)

Secondary education or below 69.4 (65.4–73.1)

Tertiary education (University) 29.4 (25.8–33.4)

Postgraduate or higher 1.2 (0.5–2.6)

Household type (%, 95% CI)

Live alone 4.2 (2.9–6.0)

Shared household 95.8 (94.0–97.1)

a534 people participated (262 women, 272 men), note numbers per characteristic are
variables age group, sex, ethnic background and area were derived prior to considering stra
contributed 2.00% (1.09–3.66%) to the Fijian of Indian descent or other category.

Table 1: Characteristics of nutrition survey participants.a
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Consent for publication
Not applicable.

Role of the funding source
The funders had no role in the study design, data
collection, data analysis, data interpretation, drafting or
writing of this manuscript.
Results
Baseline characteristics
534 people participated in the survey (response rate:
76%), of which 50.4% were women (n = 272), and the
mean age was 42 years. Sixty percent of the population
were aged 18–44 years of age at the time of the survey
and approximately half of the population were iTaukei.
A third had a tertiary education or higher, and most
people lived with others (Table 1). Ninety percent re-
ported that their health was either good, very good or
excellent. A third reported that they had been diagnosed
with high blood pressure (28.0% (24.5–31.7)), and a
third reported that they were current smokers (28.7%
(95% CI, 25.4–32.3), Table 2.

Health status measures
Mean systolic blood pressure was 136.4 mmHg
(95% CI, 134.9–137.8), diastolic blood pressure was
84.7 mmHg (83.7–85.8), and 50.8% (46.8–54.8) of par-
ticipants had hypertension. Mean waist circumference
Women Men

42.5 (41.5–43.5) 40.8 (39.9–41.8)

61.4 (55.4–67.1) 65.8 (60.0–71.3)

38.6 (32.9–44.6) 34.2 (28.7–40.0)

48.6 (42.5–54.8) 44.0 (37.8–50.4)

51.4 (45.2–57.6) 56.0 (49.6–62.2)

58.5 (52.4–64.3) 61.5 (55.5–67.2)

41.6 (35.7–47.6) 38.5 (32.8–44.5)

71.7 (66.1–76.6) 67.1 (61.2–72.4)

27.3 (22.4–32.8) 31.6 (26.3–37.4)

1.0 (0.4–3.1) 1.3 (0.4–4.2)

3.9 (2.2–6.7) 4.5 (2.8–7.3)

96.2 (93.3–97.8) 95.5 (92.8–97.2)

not presented as we have presented weighted estimates. bThe estimates for the
tification (since these were the variables used to form the strata). cOther ethnicities

5
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Variables Weighted estimates Women Men

Self-assessed health (%, 95% CI)

Excellent 21.1 (17.8–24.7) 19.7 (15.4–24.8) 22.5 (17.8–28.0)

Very good 33.1 (29.3–37.1) 32.3 (27.2–37.9) 33.9 (28.4–39.8)

Good 35.7 (31.87–39.8) 33.4 (28.2–39.0) 38.0 (32.4–44.0)

Fair 8.6 (6.6–11.1) 12.1 (8.9–16.2) 5.0 (2.9–8.5)

Poor 1.6 (0.9–2.9) 2.6 (1.3–5.1) 0.6 (0.2–2.3)

Current smoker (%, 95% CI) 28.7 (25.4–32.3) 14.8 (11.2–19.2) 42.9 (37.3–48.7)

Ever smoked regularly (%, 95% CI) 26.2 (22.9–29.8) 12.5 (9.2–16.9) 40.2 (34.6–46.0)

Time since last alcoholic drink (%, 95% CI)

1 week or less 14.9 (12.2–18.2) 6.23 (3.85–9.93) 23.78 (18.93–29.43)

More than 1 week to less than 12 months 22.1 (18.8–25.8) 17.4 (13.4–22.2) 26.9 (21.8–32.7)

12 months or more 23.9 (20.5–27.7) 20.9 (16.6–26.1) 27.0 (21.8–32.8)

Never 39.0 (35.5–42.7) 55.5 (50.0–60.7) 22.4 (17.9–27.5)

History of disease (%, 95% CI)

High blood pressure 28.0 (24.5–31.7) 28.3 (23.7–33.4) 27.6 (22.6–33.3)

Low blood pressure 9.9 (7.7–12.5) 15.8 (12.1–20.4) 3.8 (2.1–6.8)

High cholesterol or fat in blood 8.6 (6.6–11.2) 9.0 (6.1–12.9) 8.3 (5.7–12.0)

Heart attack 1.6 (0.9–2.9) 1.6 (0.7–3.7) 1.6 (0.7–3.5)

Stroke 1.0 (0.5–2.1) 0.7 (0.2–2.9) 1.2 (0.5–3.1)

Angina 12.6 (10.1–15.7) 12.8 (9.5–17.0) 12.5 (8.8–17.3)

Diabetes 9.7 (7.7–12.2) 10.3 (7.5–14.0) 9.1 (6.5–12.6)

Systolic blood pressure, mmHg (mean, 95% CI) 136.4 (134.9–137.8) 136.2 (133.9–138.5) 136.5 (134.7–138.4)

Diastolic blood pressure, mmHg (mean, 95% CI) 84.7 (83.7–85.8) 84.3 (82.8–85.8) 85.2 (83.8–86.6)

Hypertension (%, 95% CI) 50.8 (46.8–54.8) 48.7 (43.5–53.9) 52.9 (46.9–58.9)

Height, cm (mean, 95% CI) 165.8 (165.1–166.5) 159.5 (158.5–160.5) 172.2 (171.2–173.1)

Weight, kg (mean, 95% CI) 79.4 (77.8–81.0) 77.6 (75.3–79.9) 81.2 (79.1–83.4)

Waist circumference, cm (mean, 95% CI) 96.5 (95.0–98.0) 97.5 (95.4–99.6) 95.4 (93.4–97.5)

BMI, kg/ma (mean, 95% CI) 28.8 (28.2–29.3) 30.3 (29.4–31.2) 27.2 (26.5–27.9)

BMI classification (%, 95% CI)b

Underweight 5.4 (3.8–7.5) 4.5 (2.6–7.6) 6.3 (4.0–9.6)

Normal 25.5 (22.0–29.3) 19.5 (15.4–24.4) 31.5 (26.1–37.4)

Overweight 27.8 (24.3–31.7) 25.8 (21.1–31.3) 29.8 (24.7–35.4)

Obese 41.4 (37.5–45.4) 50.2 (44.6–55.8) 32.5 (27.2–38.3)

aHypertension classified as systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or self-report of taking medications for hypertension. bBMI
classification: underweight (<18.5 kg/m2); normal weight (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/m2); obese (≥30.0 kg/m2).

Table 2: Self-reported health status, and anthropometric measurements.
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was 96.5 cm (95.0–98.0). Mean body mass index was
28.8 kg/m2 (28.2–29.3), significantly higher for women
than men (30.3 kg/m2 (29.4–31.2) vs 27.2 kg/m2

(26.5–27.9)). Almost 70% of people were living with
overweight or obesity, and more women than men were
living with overweight or obesity, Table 2.

Estimates of salt and sugar intake
Salt intake
From the spot urine analysis, salt intake was estimated at
8.8 g/day (95% CI, 8.7–9.0), higher for men than women
(10.1 g/day (9.8–10.4) vs 7.7 (7.4–7.9)), for the younger
age group compared to older (9.1 g/day (8.8–9.3) vs 8.5
(8.2–8.7)) and for iTaukei Fijians compared to Fijians of
Indian descent or other (9.1 g/day (8.8–9.4) vs 8.6
(8.4–8.9)), Fig. 2.
From the 24-hr diet recall, salt intake was esti-
mated at 5.5 g/day (5.2–5.8), Supplementary Table S2.
This was higher for men than women (6.0 g/day
(5.6–6.5) vs 5.1 (4.7–5.4)) and higher for the younger
age group compared to older (5.9 g/day (5.5–6.3) vs
4.9 (4.5–5.2)).

For the subsample of 24-hr urines we attained 82
samples after exclusion of suspected inaccurate urine
collections. The analysis of the 82 samples provided a
sodium intake estimate lower than that found by the
spot urine samples and diet recall estimates
(Supplementary Table S2), suggesting that we did not
receive complete urine samples. Because of this un-
derestimate and the limited number of analyzable urine
samples, we have not included the results in the main
paper (but see Supplementary Table S2).
www.thelancet.com Vol 46 May, 2024
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Fig. 2: Salt intake estimate, based on INTERSALT with potassium equation, presented overall and by key population subgroups, g/day (weighted
mean, 95% CI).
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Sugar intake
From the 24-hr recall, sugar intake was estimated at
81.8 g/day (95% CI, 74.8–88.7), contributing to 17.7% of
total energy intake (16.7–18.8%). Free sugar intake was
estimated at 74.1 g/day (67.5–80.7), contributing to
16.1% of total energy (15.0– 17.1%), Table 3. Sugar
intake was not significantly different between women
and men, however, sugar intake in grams per day
differed by age, area, and ethnicity, Supplementary
Table S3. Both total sugar intake and free sugar intake
as a percentage of energy intake differed by ethnicity
(higher for iTaukei Fijians). Free sugar intake also
differed by age (higher for the younger age group),
Supplementary Table S3.

Main sources of salt and sugar in the diet
The main contributors to salt were mixed cooked dishes
(40.9% of salt intake (38.2–43.5)), bread and bakery
products (28.7% (26.5–31.0)), Fig. 3 and Supplementary
Table S4. There were differences in food group contri-
bution to salt intake by ethnicity (differences in bread
and bakery products, coconut products, dairy, oils and
sugars, honey, and related products categories), by age
Measure Overall

Energy intake, kJ/daya 7743 (7359–812

Energy intake excluding alcohol intake, kJ/daya 7648 (7293–80

Total sugar intake, g/day 81.8 (74.8–88.

Total sugar intake, % energy 17.7 (16.7–18.8

Free sugar intake, g/day 74.1 (67.5–80.

Free sugar intake, % energy 16.1 (15.0–17.1

Free sugar intake excludes the following minor categories: milk, fruit, and vegetables.

Table 3: Sugar and energy intake estimates overall and by sex, g/day (weigh
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group (differences in contribution from mixed cooked
dishes, and snack foods) and by location (difference
in contribution from sauces, dressings, spreads, and
dips). There were no differences evidenced by sex
(Supplementary Table S4).

The main sources of sugar in the diet were table
sugars, honey, and related products (such as syrups)
(24.3% (21.7–26.8)), non-alcoholic beverages (21.4%
(18.8–24.0)) and bread and bakery products (18.0%
(16.2–19.9)), Fig. 3 and Supplementary Table S5. There
were marked differences by ethnicity for the contribu-
tion of sugars, honey, and related products, contributing
31.6% (27.4–35.8%) for iTaukei Fijians compared to
17.9% (14.9–20.8%) for Fijians of Indian and other
descent. Conversely, bread and bakery products
contributed to 22.3% (19.6–25%) of sugar intake vs
13.2% (10.7–15.7%), and mixed cooked dishes contrib-
uted 19.0% (16.6–21.5%) vs 12.7% (10.4–14.9%) for
Fijians of Indian and other descent compared to iTaukei
Fijians, respectively. Contributions of foods to sugar
intake also differed by sex for the categories of cereal
and grain products (women vs men, 2.6% (1.4–3.9%) vs
1.3% (0.8–1.8%)), confectionery (0.9% (0.1–1.7%) vs
By sex

Female Male

7) 7150 (6727–7572) 8342 (7698–8985)

03) 7147 (6725–7570) 8154 (7581–8727)

7) 80.5 (70.0–90.9) 83.1 (74.0–92.1)

) 18.2 (16.6–19.8) 17.2 (15.9–18.6)

7) 71.9 (62.0–81.9) 76.3 (67.7–84.9)

) 16.3 (14.7–17.9) 15.8 (14.4–17.2)

aSignificant difference by sex.

ted mean, 95% CI).
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Fig. 3: Percent contribution of food categories to dietary salt and sugar (mean, 95% CI).
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0.0% (0.0–0.1%)), dairy (3.9% (2.5–5.2%) vs 1.4%
(0.8–2.1%)) and egg and egg products (0.4% (0.2–0.6%)
vs 0.1% (0.1–0.2%)), and by age group for bread and
bakery products (18–44 years vs 45 years and over,
16.2% (13.8–18.5%) vs 21.3% (18.3–24.3%), confec-
tionery (0.7% (0.1–1.4%) vs 0.0% (0.0–0.0%)), dairy
(1.9% (1.1–2.7%) vs 4.0% (2.4–5.6%)), and non-alcoholic
beverages (24.1% (20.5–27.7%) vs 16.8 (13.4–20.2%)),
Supplementary Table S5.
Discussion
From this representative survey of adults in the Central
Division of Fiji, we found that salt intake was almost
double the maximum recommended level by the World
Health Organization, at 8.8 g/day, and sugar intake was
over three times the ideal recommended amount, with
free sugars contributing 16% of total energy intake.9,11

The main sources of salt and sugar in the diet indicate
the need for interventions at a food environment level,
by reducing the availability of high salt and sugar foods,
and at the individual level, by helping people make
healthier choices.

Our survey also demonstrated differences in salt and
sugar intake and main food sources by participant
characteristics. Those in the younger age grouping
(18–44 years) and people of iTaukei ethnicity had higher
intakes of sugar and salt intake, with food sources
tending to be discretionary or processed foods (non-
alcoholic beverages and snack foods). This may indicate
a greater reliance on processed and convenience food in
theses populations, and a greater influence of the
nutrition transition. Previous qualitative work has
highlighted that older iTaukei Fijians are concerned
about the eating practices of younger generations.31 We,
thus, suggest that future research focus on the diets of
young Fijians with a view to preventing the diet-related
burden of disease.

Strengths and limitations
Our study has several strengths. We conducted a com-
munity listing before the main survey meaning the
sampling was done using up to date information. Our
response rate was high at 76% which is similar to the
National Nutrition Survey conducted in Fiji in 2014/
15.12 The areas surveyed were randomly selected from
the areas included in the National Nutrition Survey,
allowing for comparison between surveys. Working with
local and trained research assistants and engaging with
local stakeholders allowed us to communicate in com-
mon languages and obtain buy-in from communities.
We also engaged with local stakeholders prior to con-
ducting the survey (for example the heads of the vil-
lages) to ensure the survey was conducted in line with
www.thelancet.com Vol 46 May, 2024
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community protocols and priorities. We used tablet-
based applications for the collection of survey data,
that were developed and/or adapted specifically for this
survey. Lastly, adapting Intake24 for this survey makes
this the first study to comprehensively measure sugar
intake in a region of Fiji.

Our survey has several limitations. Firstly, we con-
ducted the survey in the Central Division of Fiji, and as
such findings may not be generalizable to the rest of Fiji,
particularly more remote areas or Islands, that likely have
a different food environment to central Fiji. We con-
ducted just one diet recall and one spot urine per person.
Therefore, we are limited in our ability to explore habitual
intake, as intake fluctuates from day to day. It is also
possible that specific days of feasting were included in
this survey, particularly if participants were surveyed on a
Monday, following feasting on the weekend.31,32 However,
we believe this reflects typical eating in Fiji as feasting on
Sundays is common. We did not collect data on Sundays,
and therefore we do not have information on what people
eat on Saturdays. Previous research has found that diet
surveys underestimate total energy intake,33 and under-
estimate intakes of specific food groups due to recall bias,
particularly snack foods and drinks.34 Snack foods and
certain types of drinks tend to be high in salt and/or
sugar, as such consumption may have been under-
estimated. While our response rate was high, it is still
possible that non-response bias affected the results,
particularly if non-responders had different dietary pat-
terns to those who participated in the study. For esti-
mating sugar intake and sources of salt and sugar in the
diet, we used a food composition table that was developed
in New Zealand with additional foods from Fiji, given
that New Zealand is a major exporter of foods to Fiji,35 as
such these composition data may not fully represent the
sugar and salt content of foods available in Fiji specif-
ically. The community listing and survey were both
conducted during the COVID19 pandemic, following
governemnt guidance at the time. This may have influ-
enced where the participants were based (with people
returning to home villages during periods of isolation),
and it may have also influenced diet behavior and the risk
factors described. Other data collected and published by
our research group in the same study population found
that the COVID19 pandemic negatively impacted on
peoples’ self reported food security, however, there was
no association between reported food security and intakes
of salt, sugar and fruits and vegetables.36

While we followed best practice methods to measure
salt intake from our survey population,26 the findings
from the 24-h urine subsample were lower than the salt
intake estimated from the 24-h diet recall, which is
known to underestimate salt intake significantly.26 We
compared findings to previous 24-h urine surveys in Fiji
and identified that the volumes of the urine samples
were also lower than expected.13 It is possible that the
24-h urine samples were impacted by multiple factors,
www.thelancet.com Vol 46 May, 2024
including incomplete collections, spillage of sample,
and heat (with possible evaporation of the samples).
This process has highlighted the complexity of collect-
ing 24-h urine samples, and the burden on both par-
ticipants and research teams to ensure proper collection
with reliable findings.

There are limitations to using spot urine samples to
estimate population level salt intake. A systematic review
and meta-analysis found that estimates of salt intakes
based on spot urine samples can provide a good, overall,
indication of population mean intake. However, they tend
to underestimate salt intake at higher levels of con-
sumption, and overestimate at lower levels of consump-
tion.37 A previous study comparing spot and 24-h urine
sample estimates in Fiji found that spot-urine samples
underestimated salt intake by 0.9 g/day.38 As such it is
possible that the salt intake estimate from spot urines is
an underestimation of the true population mean.

How salt and sugar intake and main sources
compare to other literature
Salt intake was estimated at 8.8 g/day and was mainly
derived from mixed cooked dishes (such as curries) and
bread and bakery products. This indicates that excessive
amounts of salt were added during cooking and the
presence of salt as a preservative in store bought pro-
cessed bread and bakery products. This estimate is
lower than the last survey in Fiji that estimated salt
intake based on 24-h urines to be 10 g/day,13 albeit as
highlighted in the limitations, this difference could be
due to differences between spot and 24-hr urine sam-
ples for salt estimation. Conversely, our findings do
show similarities to the national nutrition survey con-
ducted in 2015,12 where salt intake was also estimated at
8.8 g/day (3521.8 mg/day of sodium), estimated from
food frequency data. Further, main sources of salt in the
diet appear to have remained similar, with main sources
being breads and buns, roti, salt added to foods and
savory snacks in 2015.12 Bread and bakery products have
also been identified as prominent sources of salt in
Vanuatu6 and Kiribati, as well as Australia, New Zealand
and the UK.39 It may indicate a reliance on imported and
longer shelf-life processed and ultra-processed foods in
Pacific countries. Consumption of processed and ultra-
processed foods appear to be increasing in Pacific
countries40 and globally.41 Studies from Tonga and Sa-
moa, show that imported foods account for half of
participant energy and macronutrient intake, with many
of these foods being processed or ultra-processed.42

Several studies report high SSB availability and
consumption in Pacific populations.17,43–45 What our
study adds is the observation that sugar added to drinks
and foods, and bread and bakery products were also
major sources of sugar and energy intake in Fiji. The
national nutrition survey in 2015 did not look at sugar in
terms of contribution to energy intake but did explore the
frequency of sugar sweetened beverage consumption and
9
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adding sugar to drinks at a household level, finding daily
consumption to be low, at 2.8% of households, however,
also found high frequency of raw/table sugar use, with
89% of households reporting daily use and consump-
tion.12 Studies from Kiribati have observed that sugar was
added to nearly all meals46,47 and also that SSBs were a
leading source of sugar. That said, self-reported SSB
consumption was considerably higher in Kiribati, (more
than 3.5 servings of sugary beverages per day) compared
to our study.3 Recent literature has highlighted over-
eating food and binge drinking fruit juices by Fijian
adults after drinking kava.32,48 We did not observe this, but
it is likely that kava and alcohol were under-reported in
our study.34 Given high availability and high intakes of
sugar from multiple sources, our findings indicate the
need for reformulation targets and import regulations in
addition to current measures such as SSB taxes.

Scope to improve dietary assessment and
monitoring
The Ministry of Health in Fiji and supporting organiza-
tions (including the World Health Organization and the
Food and Agriculture Organization) have conducted
STEPs surveys in Fiji and the last National Nutrition
Survey collected diet information on children and adults
(up to the age of 45 years) was in 2014.12 However, it was
not possible to assess urinary salt or sugar intake from
these surveys. The next national nutrition survey in Fiji is
planned for 2025 and we recommend 1) updating the
food composition tables to include sugar, separate to total
carbohydrate, in time for this survey, or 2) using the
method we applied in the present study, using sugar data
from New Zealand and the United Kingdom, or 3) esti-
mating sugar as a proportion of total carbohydrate intake
based on the Pacific Island Food Composition Tables,
drawing on comparisons to other similar foods as per a
recent study from New Caledonia.49

The WHO STEPs surveys conducted in 2002 and
2011 included questions on fruit and vegetable con-
sumption, and questions on salt related knowledge, atti-
tudes, and behaviors.3,50 The next WHO STEPs survey is
planned for 2024, providing Fiji with nationally repre-
sentative data capturing trends over time in fruit and
vegetable consumption, and salt knowledge, attitudes and
behaviours. Including questions in this STEPS survey on
sugar added to beverages and sugar sweetened beverage
consumption frequency, could be a feasible way to
monitor sugar intake without having to conduct resource
intensive 24-h diet recalls. Further, there is the opportu-
nity to monitor salt intake using spot-urine samples as a
component of STEPs surveys,30 and we suggest that this
will be important for monitoring and estimating changes
in salt intake at a national level.

Diet interventions and policy implications
These findings demonstrate the value of dietary
consumption data for countries for formulating
evidence-based responses to the diet related burden of
NCDs. New knowledge on sugar added to beverages and
foods signals a need for a broad campaign that both
informs consumers of main sources of sugar in the diet,
and encourages workplaces, schools, restaurants, cafes,
places of worship and homes to reduce the amount of
sugar added to drinks. At an individual behavior level,
behavior change communication and mass media
campaigns could be used to highlight main sources of
sugar and salt in the diet, and key behaviors to target for
reducing this. For example, utilizing different modes of
communication such as campaigns via TV, social me-
dia, talks through respected leaders and through Faith
Based Organizations to encourage people to decrease or
stop adding sugar to drinks and salt to cooked foods.
However, evidence from a review of salt reduction
behavior change interventions found inconsistent evi-
dence of effectiveness and limited effect sizes of
behavior change interventions on their own, and that
interventions targeting food environments more gener-
ally (for example, reformulation of foods, and taxes on
unhealthy foods) are needed to reduce population levels
of intakes.51 These findings are in line with the WHO
“best buys” for reducing NCDs52 and the Lancet Com-
mission on the Global Syndemic of Obesity, Undernu-
trition and Climate Change.53 As noted earlier, Fiji has a
tax on imported and domestic SSBs.16 Recently, the Fiji
Government announced increased taxes on sugary
drinks (from 35 cents per litre to 40 cents per litre),
other processed foods, alcohol and tobacco in its new
budget designed to tackle NCDs.54 This increase is
encouraging; however, evidence shows that a tax of at
least 20% of total price is considered a minimum to
reduce consumption.17,55 Further, it is unclear whether
this increase in tax will be applied to locally produced
SSBs that have previously been exempt from tax in-
creases.17 The lack of a uniform application of the tax
may shift consumption from higher-cost imported SSBs
to lower cost, locally produced SSBs and not achieve the
overall goal of reducing SSB consumption. The tax also
needs to be expanded to target the full range of SSBs
including in powdered form (e.g. 3-in-1 coffee/tea,
chocolate drink, or energy drinks plus sugar and
milk),3,56 and given our findings taxes could also be
considered for raw and table sugar. Complementary
policies are also needed including restricting marketing
and visibility of SSBs. While the present study did not
collect data on children, previous research suggests SSB
consumption starts at a young age57 and previous
studies in the Pacific Region have shown a high preva-
lence of SSBs for sale around schools.44 Governments
and communities can work to increase availability of
improved water sources, and healthy locally produced
drinks (for example, coconut water, from fresh and
locally produced coconuts (’Bu’)).

High sodium intakes were concerning given high
and potentially increasing rates of hypertension in Fiji
www.thelancet.com Vol 46 May, 2024
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and around the Pacific, and the high unmet need for
hypertension treatment.3 Hypertension signals a pipe-
line of future NCDs in the Pacific with major implica-
tions for health systems.58 Fiji adopted a salt reduction
strategy (“Fiji Salt Action Challenge Strategy”, 2010)
targeting food manufacturers, consumers and bakers,
but these were largely voluntary with limited impact on
sodium intakes.13,28 Bread and bakery products account
for close to one third (29%) of sodium intake, and were
also a key contributor to sugar intake, high salt and
sugar content in this category could be addressed
through policies that incentivize reformulation and
reward lower-salt and sugar alternatives. Lessons can be
learnt from other settings globally, where mandatory salt
targets for bread and bakery products have been suc-
cessful in lowering salt content of products,59 aided in
success by stringent monitoring to ensure these are
adhered to. Evidence suggest that strengthening policy
action in Fiji and other settings has been challenging in
the past.15,56 However, commitment from government to
improving health is evident through the 2023–2024 Fiji
budget announcement, with expansion of taxes to focus
on a broader range of foods.54 Taxes that focus on a
range of food groups (for example targeting processed
and ultra processed foods) will aid the decreased
accessibility and therefore consumption of salt and
sugar in Fiji. Implementation will likely require greater
engagement by political leaders of non-health sectors to
commit to, and follow through on, adopting, imple-
menting and sustaining their inputs,15 in addition to
stronger institutional mechanisms overseeing budget-
ing, coordination and accountability.15,56

Conclusion
In this representative survey of adults in the central di-
vision of Fiji, we identified high levels of salt and sugar in
the diet, with both consumed well in excess of the World
Health Organization maximum recommendations. Our
findings provide evidence for the need to reduce salt and
sugar intake in Fiji at both the individual level and at the
food environment level. Interventions are needed in
parallel with policy support to reduce the amount of salt
and sugar in foods available on the Fijian market. Such
efforts are required to curb intakes of salt and sugar in
Fiji and aid the reduction of the diet related burden of
disease, the leading cause of premature death in Fiji.
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