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Abstract
Objective: To describe the Na concentration of pre-packaged foods available in
Hong Kong.
Design: The Na concentrations (mg/100 g or mg/100 ml or per serving) of all
pre-packaged foods available for sale in major supermarket chains in Hong
Kong were obtained from the 2017 Hong Kong FoodSwitch database. Median
and interquartile range (IQR) of Na concentration for different food groups
and the proportion of foods and beverages considered low and high Na
(<120 mg/100 g or mg/100 ml and >600 mg/100 g or mg/100 ml, respectively)
were determined.
Setting: Hong Kong.
Participants: Not applicable.
Results: We analysed 11 518 pre-packaged products. ‘Fruit and vegetables
(including table salt)’ had the highest variability in Na concentration ranging
from 0 to 39 000 mg/100 g, followed by ‘sauces, dressings, spreads and dips’
ranging from 0 to 34 130. The latter also had the highest median Na concentra-
tion (mg/100 g or mg/100 ml) at 1180 (IQR 446–3520), followed by meat and
meat products (median 800, IQR 632–1068) and snack foods (median 650,
IQR 453–926). Fish and fish products (median 531, 364–791) and meat and
meat products (median 444, IQR 351–593) had the highest Na concentration
per serving. Overall, 46·7 and 26·7 % of products were low and high in Na,
respectively.
Conclusions:Our results can serve as a baseline for food supply interventions in
Hong Kong. We have identified several food groups as priority areas for refor-
mulation, demonstrating the potential of such initiatives to improve the health-
iness of the food supply in Hong Kong.
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Excess Na consumption is a leading dietary risk factor
for death and disability globally(1). High intakes of Na
increase blood pressure(2), which is a major risk factor
for CVD(3–5). In HongKong, CVD is a leading cause of death
and in 2014/2015 the prevalence of high blood pressure
among the adult population was 28 % (26 % for females
and 30 % for males)(6). The WHO has established a global
target for a 30 % relative reduction in mean population
Na intake by 2025, towards the goal of 2000 mg/d per
person(2). Despite this, most populations globally continue
to exceed this recommendation(2,3,7,8). In Hong Kong, the
estimated average Na intake across the adult population

is 3520 mg/d(9), and more than 60 % of adults exceed the
WHO recommended Na limit(10).

Many countries around the world have developed and
initiated strategies to achieve the WHO goal target for
Na(11). In Hong Kong, a number of Na-reduction strategies
have been implemented, including a nutrition labelling
scheme for pre-packaged foods(12) and the release of volun-
tary Na reduction targets for bread(9). Moreover, national-
level dietary guidelines worldwide commonly recommend
reducing discretionary salt use and limiting high Na ingre-
dients during food preparation and at the table(11), as well
as encouraging consumers to utilise nutrition labels to select
lower Na alternatives(13). While individual efforts to reduce
Na intake are important, it is likely to be more effective
for highly motivated people(14). Moreover, individual efforts†These authors are the co-first authors.
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are likely undermined by the saturation of high Na-
containing pre-packaged foods in the food supply, which
are the leading source of dietary Na in many countries(15,16).
Therefore, through product reformulation, it is expected
that the food industry should be able to play a key role in
achieving improvements to population Na intake.

In the UK, the Food Standards Agency (FSA) has
worked with the food industry since 2006 to establish vol-
untary Na reduction targets for processed foods. By
2011, this resulted in a 7 % reduction in the overall mean
Na levels of processed foods(17) and has partly contrib-
uted to the 15 % decrease in the average salt intake from
9·5 to 8·1 g/d in the UK population between 2001 and
2011(18,19). While average consumption of Na still remains
higher than the WHO guideline, it highlights the impor-
tance and efficacy of product reformation through setting
Na targets for pre-packaged foods.

Data from other countries suggest that Na levels vary
considerably within food categories(20,21). Such wide varia-
bilities imply potential feasibility to reformulate those pre-
packaged products to reduce their Na content. Hong Kong
is a cosmopolitan city whose food supply contains both
locally produced and overseas-imported pre-packaged
foods. However, there has been no study carried out to date
on the Na content of pre-packaged food in the Hong Kong
food supply. This has made it difficult for the government
and food industry to establish reformulation targets for Na,
as it is unclear what levels would be appropriate, as well as
which categories and specific pre-packaged foods should
be prioritised.

The primary aim of this paper is to assess the Na concen-
tration of pre-packaged foods in Hong Kong and to identify
the food categories that contain the highest Na concentra-
tion. The secondary aim is to determine the proportion of
products classified as low Na or as high Na as stipulated by
the current Food and Drugs (Composition and Labelling)
Regulations in Hong Kong(22).

Method

Data source and collection
The 2017 Hong Kong FoodSwitch database was used to
obtain food product information used for the present
study. To our knowledge, this is the only pre-packaged
food database with nutrient information available in
Hong Kong. This database contains information about all
pre-packaged foods and beverages that were available for
sale during a cross-sectional store survey in June 2017.
Using a non-probabilistic approach, threemegastores were
selected from each of the three major supermarket chains
in Hong Kong, namely AEON (selling a wide range of
popular Japanese imported products), ParknShop and
Wellcome (selling a wide range of local and imported
groceries including those from typical local household
brands). The largest megastore (based on information

provided by the supermarket) of each chain was selected
due to the wide range of products available for collection
at these stores. The stores were located in different geo-
graphic areas including New Territories East (ParknShop),
Hong Kong Island West (Wellcome) and Hong Kong
Island East (AEON) – all of which are affluent areas.
These chains each have several stores open for business
in Hong Kong, including more than 300 stores for
ParknShop, more than 240 stores for Wellcome and twelve
stores for AEON. Together, these supermarket chains
account for about 60% of themarket share for pre-packaged
foods in Hong Kong(23). The remaining 40% are small
retailers, internet stores and others. Datawere collected from
trained research assistants who obtained several photo-
graphs of each product including the barcode, the front
of package and the nutrition information panel using a
bespoke smartphone application.

Data entry and processing
For each food and beverage, the brand name, product
name and barcode were recorded into FoodSwitch accord-
ing to the information displayed on the pack. Nutrition
information was obtained directly from the nutritional
information panel and included information regarding
the nutrient content per 100 g or per 100ml and per serving
for all macro-and micro-nutrients listed including Na.
Automatic conversion to Na concentration per 100 g or
per 100 ml was performed if the Na content was displayed
per serving or per package. In addition, manual conversion
of Na concentration in milligrams was carried out if the
Na concentration was displayed in grams. Where salt in
gramwas reported on the pack, the amount of salt in grams
was multiplied by 40 %, followed by multiplication of 1000
to convert into milligrams of Na.

Product categorisation and exclusion criteria
Products were categorised based on the food categorisa-
tion system developed by the George Institute for Global
Health(24). This food categorisation system classifies prod-
ucts into twenty food groups. Several food groups, namely
non-food (n = 1), special food (n= 310) and unable to be
categorised (n = 40) were excluded, leaving fourteen
food groups for the final analysis. Due to the presence of
multiple nutritional information panels, variety packs
with multiple flavours were excluded. Products were also
excluded if they displayed incomplete nutrition informa-
tion, nutritional information panels only in a foreign
language and/or a suspected incorrect Na value (Fig. 1).
Where the same product was available in more than one
store or where the same product was available in different
pack sizes, only one product was retained.

Serving size information
To enhance the public health relevance, we analysed
the Na concentration in a ‘typical serving’ of a food or
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beverage. As there is no standard portion size for each of
the food groups analysed, we calculated the median Na
concentration in a typical serving, that is, Na (mg/100 g
or mg/100 ml)/100 × typical serving (g or ml)(25). The
typical serving size was calculated by taking the most
common serving size listed on the nutrition information
panel for each of the fourteen food groups.

Definition of low and high sodium
Using the Food and Drugs (Composition and Labelling)
Regulations in Hong Kong, the proportion of products
in each food group meeting the definition of low Na
(i.e., <120 mg/100 g or mg/100 ml) and high Na
(i.e., >600 mg/100 g or mg/100 ml) was calculated and
reported.(22)

Data analysis
Data were analysed using SPSS (version 25; IBM
Corporation) in 2018–2019. Median, interquartile range
and overall range of Na (mg) concentrationwere calculated
and reported per 100 g or per 100 ml and per typical
serving size.

Results

Of the 13 121 products collected and recorded in the
FoodSwitch database, 351 products from three food groups
(non-food, special food and unable to be categorised)were
excluded, 934 products were excluded for having the
same nutritional information but in different package sizes
and 318 products were excluded for various reasons, with

Number of products collected
(n 13 121)

Total numberof products
included in the final analysis

(n 11 518)

Removed products of the following 
categories (n 351):
– Non-food (n 1)
– Special food (n 310)
– Unable to be categorised (n 40)

Removed products where same product (i.e.,
duplicate) was available in more than one 
store or where the same product was 
available in different pack sizes (n 934)

Removed products due to the following 
reasons (n 318):
– Incomplete NIP (n 15)
– Unreadable NIP (n 19)
– Multiple NIP (n 98)
– NIP exempt (n 27)
– NIP in foreign language (n 4)
– Missing NIP for products not exempt 

from carrying a NIP (n 69)
– Suspected incorrect Na value (n 86)

Fig. 1 Flow chart of the exclusion criteria and selection of packaged foods included in the analysis. NIP, Nutrition Information Panel
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the top three reasons being the presence of multiple nutri-
tional information panels (n= 98), suspected incorrect Na
values (n= 86) and missing nutritional information
panels for products not exempt from carrying this informa-
tion (n = 69) (Fig. 1). As a result, 11 518 products from four-
teen food groups were included in the analysis. Of these 14
food groups, products were further classified
into fifty-eight food categories, 124 major subcategories
and 26 minor subcategories.

Median sodium concentration
Overall, the three food groups with the highest median Na
concentration (mg/100 g or mg/100 ml of food/beverage)
were sauces, dressings, spreads and dips (median 1180,
IQR 446–3520), meat and meat products (median 800, IQR
632–1068) and snack foods (median 650, IQR 453–926)
(Table 1). In contrast, edible oils and oil emulsions (median
0, IQR 0–4), sugars, honey and related products (median 6,
IQR 0–14) and non-alcoholic beverages (median 10, IQR
1–34) were the food groups with the lowest median Na con-
centration (Table 1). Overall, there was a wide variation in
the Na concentration within most food categories. For exam-
ple, the Na concentration (mg/100 g) of processed meat
ranged from 60 to 5300, canned fish ranged from 84 to
6400 and flavoured noodles ranged from 256 to 7930 (see
online supplementary material, Supplemental Table S1).

Median sodium concentration per typical
serving size
Across all foods and beverages, the most common serving
size reported on the nutrition information panel was 100 g
or 100ml (Table 2). This ranged from 15 g for sauces, dress-
ings, spreads and dips and edible oils and oil emulsions, up

to 100 g for fish and fish products, convenience foods,
fruit and vegetables, dairy and non-alcoholic beverages.
Overall, the three food groups with the highest median
Na concentration per typical serving size (mg per serving)
were fish and fish products (median 531, IQR 364–791),
meat and meat products (median 444, IQR 351–593) and
convenience foods (median 406, IQR 242–600) (Table 2).
In contrast, edible oils and oil emulsions (median 0,
IQR 0–1), sugars, honey and related products (median 1,
IQR 0–3) and non-alcoholic beverages (median 10, IQR
1–34) were the food groups with the lowest median Na
concentration per typical serving size (Table 2).

Comparison against low and high sodium
definitions
In comparison with the Hong Kong Food and Drugs
Composition and Labelling Regulations, just under half
(46·7 %) of pre-packaged food products analysed met the
low Na definition and slightly more than a quarter (26·3 %)
met the high Na definition. The food groups with the highest
proportion of products classified as high Na were meat and
meat products (79%); sauces, dressings, spreads and dips
(68·1 %); snack foods (55·8 %); fish and fish products
(42·6 %) and cereal and grain products (33·4 %) (Table 1).

Discussion

The current study comprehensively examined the Na con-
centration of pre-packaged foods available for sale in
Hong Kong. Our findings can serve as a baseline to assess
the impact of Na-related initiatives in Hong Kong on
changes to the pre-packaged food supply. In other coun-
tries, including Australia and the UK, regular monitoring

Table 1 Sodium concentration (mg/100 g or mg/100ml) of pre-packaged foods in the Hong Kong food supply in 2017

Food group n

Na concentration*

Low Na † (%) High Na ‡ (%)Median IQR Range

All products 11 518 135 13–607 0–39 000 46·7 26·2
Sauces, dressings, spreads and dips 1244 1180 446–3520 0–34 130 12·0 68·1
Meat and meat products 501 800 632–1068 0–5300 6·4 79·0
Snack foods 550 650 453–926 0–4074 1·8 55·8
Fish and fish products 359 531 364–791 8–6400 5·6 42·6
Convenience foods 593 406 242–600 0–10 956 15·2 24·5
Bread and bakery products 1120 322 189–476 0–2000 11·7 11·8
Eggs 76 140 138–158 92–2561 1·3 9·2
Cereal and grain products 1649 127 4–1001 0–27 000 48·6 33·4
Fruit and vegetables 1301 120 10–620 0–39 000 50·0 25·1
Dairy 1088 52 36–96 0–3500 77·2 11·8
Confectionery 919 38 6–80 0–3875 85·7 0·9
Non-alcoholic beverages 1666 10 1–34 0–19 900 88·6 0·9
Sugars, honey and related products 256 6 0–14 0–330 92·2 0·0
Edible oils and oil emulsions 196 0 0–4 0–1300 80·1 5·6

IQR, interquartile range.
Table rows sorted in descending order by median Na concentration, by food category.
*Units for Na concentration include both mg/100 g for foods and mg/100ml for beverages.
†Threshold value for low Na: Na concentration <120mg/100 g or mg/100 ml of food/beverage.
‡Threshold value for high Na: Na concentration >600mg/100 g or mg/100ml of food/beverage.
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of the Na in the food supply has been undertaken for many
years by government and other research groups(26–29). Such
evaluations are frequently used to assess the effectiveness
of both government and non-government Na reduction ini-
tiatives and are often evaluated at both the food group and
food company level(26–29).

Among the fourteen food groups analysed, sauces,
dressings, spreads and dips had the highest Na concentra-
tion per 100 g or per 100 ml. This is consistent with prior
research conducted in the UK using the same food group
categorisation system as used in the current study(21). The
high Na concentration was largely driven by Asian sauces,
which is disconcerting given these sauces are commonly
consumed in Hong Kong(10). However, across all sauces,
dressings, spreads and dips, the typical serving size was
only 15 ml (much less than other categories), and therefore,
the total contribution of these products to total Na intakes is
much less of a concern. In fact, fish and meat products had
the highest Na concentration across all food groups when
serving size was accounted for. Although these foods are
often nutrient rich, the Na content in a typical serving
accounted for over 20 % of the WHO maximum Na limit(2).
As such, our findings highlight the possibility that those
who frequently consume high Na fish and meat products
including anchovies, bacon and dried meat could be at
increased risk of exceeding their recommended daily
intake of Na.

Similar to prior research in other countries(20,21,30), the
Na concentration of products within the same food cat-
egory varied considerably, highlighting the potential
impact for reformulation. Targeting reformulation towards
foods and beverages with a wide range in Na content
should be the priority, as this suggests it is technologically
feasible to reduce Na levels. In the current study, the food

categories with the highest variability in Na included bread,
canned fish, flavoured noodles and processed meat.
Moreover, only a small portion of products in these four
categories were low in Na. Furthermore, flavoured noodles
and processed meat had 95 and 83 % of all products meet-
ing the high Na definition, respectively, highlighting the
need to lower the Na content in these foods.

Reformulation has been carried out worldwide as
reflected by the growing emergence of lowNa and reduced
Na products(31). Since 2017, food manufacturers in Hong
Kong have been allowed to place a ‘low salt’ or ‘no salt’
logo on their products if the Na level does not exceed
120 or 40 mg/100 g or mg/100 ml, respectively(32). The
results in the present study show that about 50 and
25 % of pre-packaged foods were low and high in Na,
respectively. However, many of the products included in
the current analysis are naturally low in Na, including plain
rice, confectionery, milk, sugars, honey, jam and cooking
oils. As such, our results are biased towards an overestima-
tion in the proportion of low Na products on the market.
Nonetheless, it is disconcerting that there is still a consider-
able proportion of foods on the market that is high in Na.

Reducing the Na content in packaged foods is not with-
out constraints. Na serves a functional purpose as a
preservative(33) and contributes to the sensory and quality
properties of food(34). For this reason, some food catego-
ries may face more technological challenges when reduc-
ing the Na content(34). For example, the shelf life of meat
and meat products may be shortened as a result of poten-
tial Na reduction due to its preservation properties(34).
Moreover, reduced consumer acceptability towards prod-
ucts containing less Na and subsequently lower sales vol-
ume may be a concern for food manufacturers and may
contribute to a reluctance to reformulate. However,

Table 2 Sodium concentration (mg/per serving) across food categories in the Hong Kong food supply in 2017

Food group Typical serving size*

Na concentration per serving size†

Median IQR Range

All products 100 135 13–607 0–39 000
Fish and fish products 100 531 364–791 8–6400
Meat and meat products 56 444 351–593 0–2944
Convenience foods 100 406 242–600 0–10 956
Snack foods 28 361 252–514 0–2263
Sauces, dressings, spreads and dips 15 176 67–525 0–5094
Fruit and vegetables 100 120 10–620 0–39 000
Bread and bakery products 30 98 57–144 0–606
Eggs 50 70 69–79 46–1281
Dairy 100 52 36–96 0–3500
Cereal and grain products 30 38 1–303 0–8182
Confectionery 40 15 2–32 0–1550
Non-alcoholic beverages 100 10 1–34 0–19 900
Sugars, honey and related products 20 1 0–3 0–66
Edible oils and oil emulsions 15 0 0–1 0–194

IQR, interquartile range.
Table rows sorted in descending order by median Na concentration per serving, by food category.
*The typical serving size (g) is the most frequent serving size reported on packs within each food category.
†Units for Na concentration include both mg per serving (g or ml).
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research to date suggests that reducing the Na content
of bread and processed meat does not result in lowered
consumer acceptability(33,35). Regardless, it is recom-
mended that manufacturers gradually reduce Na levels
in their products to increase acceptability amongst
consumers(33,34). Ideally, reasonable targets for manufac-
turers with a grace period for implementation should
be considered in the development of any government
targets.

To our knowledge, this is the first study to comprehen-
sively analyse the Na content of a large sample of pre-
packaged foods sold in Hong Kong. To date, studies on
the Na concentration of foods in Hong Kong have been
limited by small samples sizes and analyses across specific
food categories(36,37). Our study substantially adds to the
prior literature through the use of a large nutrition dataset
that utilises a standardised method for obtaining nutrition
information from products available from major super-
market chains in Hong Kong. This provided us with a
reliable dataset across a comprehensive range of products
and a large sample size to assess the Na concentration of
products within and across food groups. Our analysis of
Na concentration per 100 g or per 100 ml and per serving
allowed us to consider the findings within the broader
context of reformulation as well as public health by con-
sidering what would be consumed in a typical serving.

However, there are some limitations in the current
study. Firstly, the Na content was solely obtained from
nutrition information labels affixed on pre-packaged foods
instead of determined by chemical analysis. However,
this is the most reliable and economic means to obtain
nutritional information secondary to conducting laboratory
tests, especially for a comprehensive coverage of the pre-
packaged food supply. Products were categorised accord-
ing to universal pre-defined categories whichmay have not
been developed to be adequately country- and culturally
sensitive. However, efforts were made to match products
to the most appropriate food group. We also made small
adjustments to account for cultural preferences, for exam-
ple, the food group ‘eggs’ was not included in previous
analyses in western countries(21) because eggs are naturally
low in Na and are not a major source of Na intake.
However, some eggs sold in Hong Kong are preserved,
such as century eggs, which contain considerable amounts
of Na and are a popular food, and therefore, ‘eggs’ were
included in our analysis. Lastly, pre-packaged foods were
collected from a convenience sample of three supermarket
megastores, and therefore, it is unlikely we have complete
coverage of all pre-packaged products sold in Hong Kong.
For example, other food stores, such as convenience stores,
cater to different markets and may sell a different variety of
products as compared with supermarkets, such as a more
diverse range of ready-to-eat convenience foods, bever-
ages and snacks. Nevertheless, data were collected from
the largest branches of the supermarket chains, and it is

likely the dataset is broadly representative of products
available for sale in Hong Kong.

To date, there has been limited research examining
which food categories contribute most to Na intakes in
Hong Kong. Previous government estimates have relied
on the Total Diet Study approach, which involves analysing
small samples of commonly consumed foods in Hong
Kong to obtain nutrient information(10,38). The results are
then combined with population-based food intake data
based a food consumption survey. However, as only a lim-
ited number of products were sampled for Na information,
it is likely this method under-estimates Na intake(10). Future
research is required to more accurately estimate the contri-
bution of food categories to population Na intakes in
Hong Kong in order to provide further insight into which
food categories should be targeted as part of Na reduction
initiatives(39).

Conclusion

Reducing the Na concentration of pre-packaged food is a
challenging issue globally. The large variations in Na con-
tent found in the current study demonstrate considerable
potential and feasibility for the food industry to reformulate
to reduce Na levels. Currently, food categories such as flav-
oured noodles, processed meat, canned fish and bread
should be the priority for reformulation to improve the food
supply in Hong Kong to help reduce population Na intake.
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