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Abstract
Objective: Given the rapidly changing food environment and proliferation of
ultra-processed foods (UPF) in South Africa (SA), this study aimed to critically
evaluate dietary quality and adequacy of low-income adults using the Nova
classification system and WHO and World Cancer Research Fund dietary
guidelines.
Design: Secondary household data and 1-d 24-h recalls were analysed from two
cross-sectional studies conducted in 2017–2018. Foods consumed were classified
according to the Nova classification system. Compliance with WHO dietary
guidelines and UPF consumption trends were evaluated.
Setting: Three low-income areas (Langa, Khayalitsha and Mount Frere) in SA were
included.
Participants: In total, 2521 participants (18–50 years) were included in the study.
Results: Participants had amean energy intake of 7762 kJ/d. Most participants were
within the acceptable WHO guideline range for saturated fat (80·4 %), total fat
(68·1 %), Na (72·7 %) and free sugar (57·3 %). UPF comprised 39·4 % of diets among
the average adult participant. Only 7·0 % of all participants met theWHO guideline
for fruit and vegetables and 18·8 % met the guideline for fibre. Those within the
highest quartile of share of energy fromUPF consumed statistically higher amounts
of dietary components to limit and were the highest energy consumers overall.
Conclusions: Low-income adults living in SA are consuming insufficient protective
dietary components, while UPF consumption is prevalent. Higher UPF consumers
consume larger amounts of nutrients linked to increased chronic disease risk.
Policy measures are urgently needed in SA to protect against the proliferation of
harmful UPF and to promote and enable consumption of whole and less UPF.
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The manner in which food is produced, distributed and
marketed has changed drastically in recent history. Although
food security has improved (prior to the onset of the
COVID-19 pandemic), economic development has dis-
placed traditional dietary patterns and driven a shift in food
preferences, resulting in the nutrition transition(1). This
changing food environment, synonymous with a pro-
liferation of packaged foods high in sugar, salt and
saturated fat, otherwise known as ultra-processed foods
(UPF), undermines dietary patterns based on minimally

and unprocessed food and processed culinary ingre-
dients(2). UPF refer to ‘formulations mostly of cheap
industrial sources of dietary energy and nutrients plus
additives, using a series of processes’(3). These are
typically industrially processed foods, high in nutrients
known to negatively affect health (Na, saturated and
trans-fats and added sugars) and are energy dense(4).
These high-energy, low nutritional quality foodstuffs are
usually made from cheap ingredients and contain
additives such as artificial colourants and flavourants,
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but are very palatable, require little preparation and are
convenient for consumers(5). The entry of large transna-
tional food corporations in the Global South over the
last few decades has resulted in rapidly increasing
consumption rates of UPF in low- and middle-income
countries(6). Consumption habits and choices are con-
tinually shifting towards unhealthy UPF due to the price,
taste, convenience, availability and marketing strategies
employed by large corporations(2).

Although South Africa is classified as an upper-middle
income country, it has one of the highest levels of income
inequality in theworld, with 55 %of the population living in
poverty(7), and a continually rising unemployment rate, at
34 % in 2022(8). Given the country’s historical discrimina-
tory past of apartheid, with black people segregated to
reside in under-resourced townships with poor access to
education and employment, those living in low-income
townships remain particularly vulnerable to the effects
of rising food prices. Like much of the rest of the Global
South, the food environment within South Africa is rapidly
changing, with multinational food companies accounting
for themajority of themarket share(9). Foods are increasingly
being eaten away from home, with fast-food options
increasing. The higher cost and limited availability of healthy
foods make convenient healthy options unattainable for
the majority of the population(7,10,11). Additionally, the built
environment in townships makes it difficult for low-income
shoppers to select healthy foods, with less availability and
poorer quality options available in low socioeconomic
neighbourhoods(12). As a result, cheap, energy-dense,
ultra-processed and unhealthy food options are becoming
the food of choice for many(10).

Numerous studies associate the increased consumption
of UPF with obesity and diet-related non-communicable
diseases (NCD) like hypertension, diabetes, dyslipidaemia
and certain cancers(13–16). These diet-related NCD result in
increased mortality levels, particularly in low- and middle-
income countries, where the majority of these deaths
occur(17). Studies in South Africa have shown that foods are
selected because they are cheap, filling and tasty, but not
necessarily nutritious(10,11). Consequently, NCD, such as
diabetes and hypertension, are fast becoming the most
burdensome diseases in the South African health sys-
tem(18,19). One in five women in South Africa is severely
obese. Sixty-eight percent of women are overweight or
obese, as are 31 % of men. Hypertension, overweight and
obesity prevalence have been increasing since 1998(20),
and those living with obesity are more likely to suffer from
disease multimorbidity(21). On a macronutrient level, obese
individuals may appear to be food secure, but on a
micronutrient level, food and nutritional insecurities are
prevalent(22).

As UPF have been shown to be harmful to health, it is
important to examine their intake when assessing dietary
patterns and health of individuals and populations(23). The
Nova classification system, as a tool to identify UPF, has

been used to assess dietary intake in a growing number of
countries(24–29). In 2015, the FAO included the Nova system
in their guidelines on collecting food processing informa-
tion from food surveys(30), and a recent WHO report has
used the Nova classification system to describe the increase
in UPF intake in Latin America over the past decade(31).
Applying the Nova food classification system to food
composition databases has been identified as a way to
quantify the contribution of UPF to the food supply. This
can assist in evaluating the quality of dietary intake in
various population groups(25). To our knowledge, only one
other study has assessed dietary intake in relation to level of
processing in South Africa(32).

Therefore, the aims of this study are twofold. First, we
seek to describe what share of the diet of low-income
adults living in South Africa is comprised of UPF. Second,
we seek to assess the adequacy of the diet of low-income
adults in South Africa using WHO and World Cancer
Research Fund dietary recommendations and evaluate
potential associations with level of UPF consumption.
Using international criteria to assess dietary intake creates
the potential for comparison to other contexts, and analysing
the intake of UPF in South Africa allows for bettermonitoring
of the nutrition transition.

Methods

Secondary analysis of dietary data from two purposively
selected datasets collected in three low-income areas in
South Africa (Langa and Khayelitsha in Cape Town and
Mount Frere in the Eastern Cape) was undertaken. These
two studies used different sampling strategies, but the same
methodology and data collection instruments.

Sampling procedures and data collection
Sampling procedures used in Khayelitsha and Mount Frere
differed to those used in Langa, to meet their primary study
objectives. The primary objective of the study conducted in
Khayelitsha and Mount Frere was to assess the obesogenic
food environment(33), whilst the primary objective of the
study conducted in Langa was to evaluate dietary changes
as a result of the introduction of the health promotion levy
(sugary beverage tax)(34). Individuals were only included in
the studies if they met the inclusion criteria, which included
being between the ages of 18 and 50, residing in the study
area, having knowledge about household food purchasing
and consumption habits and providing informed consent to
participate in the study.

In the study conducted in Khayelitsha and Mount Frere,
300 households were randomly sampled at each site in
October and November 2017, with a 20 % oversampling
margin to compensate for non-responders. A semi-
purposive stratified sampling strategy was used to select
research clusters. Four clusters per site were selected based
on proximity to key features (transport hubs, supermarkets,
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main roads and living areas) as well as by housing type.
Households in each quadrant were counted to determine
an appropriate sampling interval for each cluster and a
purposively selected starting point was chosen. In
each household, one randomly selected individual was
chosen as a respondent between the age of 18–50 years
(respondents were stratified to ensure representation of
gender). For the Langa sample, systematic door-to-door
sampling was conducted in February and March 2018
throughout the entire area of Langa, with a target
sample size of 2250 participants. One randomly selected
consenting adult between the ages of 18–39 years old per
household was included in the study.

All three study sites used the same questionnaires to
collect dietary and general household information. The
only exception was BMI derived frommeasured height and
weight, which was only collected in Langa. The household
socio-demographic questionnaire included previously
validated socio-demographic questions, such as household
characteristics, the household hunger scale(35) and the lived
poverty index(36). A one-day standardised 24-h dietary
recall was collected for each participant. Fieldworkers were
extensively trained and fluent in languages spoken at the
study sites. They used cellphones to digitally record socio-
demographic data and paper-based questionnaires to
complete the 24-h dietary recalls.

Participants from these primary studies were only
included for secondary analysis if they had completed all
the questionnaires and did not have any missing dietary
intake data. In total, 2161 participants were included from
Langa (85·3 % of respondents), 191 from Khayalitsha
(61·2 % of respondents) and 169 from Mount Frere (51·2 %
of respondents), for a total sample of 2521 adults.

Data coding and analysis
All 24-h dietary recalls were coded by trained data
capturers with a tertiary-level nutrition qualification. The
South Africa Medical Research Council (SAMRC) food
quantities(37) and food composition tables(38) (FCT) were
used for coding. An extensive assumptions manual was
developed to ensure assumptions were made in a stand-
ardised manner when necessary.

Demographic characteristics of study participants
included age, sex, area of residence, household income
and educational status. BMI was used to assess nutritional
status. Dietary intake of study participants was assessed
using intake reported in the 1-d 24-h dietary recall, and
intake was examined by using mean, median and sd. Food
and beverages were classified as UPF according to the
Nova food classification system, a system that groups
foods, for the purpose of public health policy, into four
categories based on the purpose, nature and extent of
industrial processing(3,23). The four groups are (1) unproc-
essed or minimally processed foods, (2) processed culinary
ingredients, (3) processed foods and (4) UPF(3,39). As the

share of energy intake coming from UPF was the outcome
of interest, we classified products into two groups, UPF
(Nova group 4) or not (Nova groups 1–3). Two registered
dietitians independently applied the Nova classification to
the foods and beverages consumed by study participants.
Discrepancies between classifications were resolved by
consulting with a third dietitian and reaching consensus.
Quartiles of UPF consumption were created, based on the
share of energy intake that UPF accounted for. Participants
were considered to be low UPF consumers if they were
within the lowest quartile of UPF consumption and high
UPF consumers if they were in the highest quartile.

We used the Healthy Diet Indicator 2020 (HDI-2020)(40)

to assess components of diet quality. The HDI-2020 criteria
is based on WHO(41,42) and other international dietary
recommendations. There are six components for which
dietary intake should be restricted, and five components
that should be encouraged, following the criteria shown
in Table 1. More detail on the HDI-2020 can be read
elsewhere(40). When the data from the 24-h dietary recall
alone were insufficient to assess whether or not the HDI-
2020 criteria were met, the global diet quality questionnaire
(DQ-Q) guidelines of the global diet quality score(43) were
used to identify products to include in the HDI-2020
criteria. Unfortunately, for nutrient-specific evaluations,
missing values in the SAMRC FCT resulted in under-
reporting of intake for some nutrients in the analyses. This
was particularly pronounced for total and added sugar.
Please see the limitations section and Appendix A and B for
more details. Additionally, there are no free sugar values in
the food composition table, so added sugar was used as a
proxy. The probability of meeting international dietary
recommendations was compared between the lowest and
highest quartiles of UPF consumers. For WHO guidelines
that use the share of energy as the criteria, the contribution
to share of total energy was calculated by quartile of
UPF. For components where the guidelines were in
grams, rather than share of total energy, the contribution
per 1000 kJ was calculated.

We used STATA version 15 (StataCorp) to review, clean
and analyse the data. Nutrient content was verified by
identifying outliers, checking the original 24-h recalls and
correcting the information when appropriate. Participants
who consumed more than 20 000 kJ/d or< 400 kJ/d were
excluded. Descriptive dietary intake statistics were per-
formed and scores calculated for the household hunger
scale(35), lived poverty index(36). The dietary diversity score
was calculated from the dietary intake reported the
24-h recall and was assessed by evaluating the minimum
dietary diversity for women(44). The Mann–Whitney U test
was used to compare differences in nutritional intake
by gender. Due to the non-parametric nature of the data,
quantile regression analysis was performed to assess
differences in median nutrient intake by quartile of UPF
consumption. Logistic regression analysis was performed
to calculate the probability of low and high UPF consumers
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Table 1 Global dietary recommendations assessed using the healthy diet indicator 2020 (HDI-2020)

Dietary element
Elements based on
HDI-2020 Global recommendation

Reference source
for guideline

Criteria for scoring (quantitative
intake in one day) Approach to coding and analysing data

Dietary components to
limit

1 Total fat <30% total energy World Health
Organisation

<30% total energy Total fat identified and calculated from 24-h
diet recall data

2 Saturated fat <10% total energy World Health
Organisation

<10% total energy Saturated fat identified and calculated from
24-h diet recall data

3 Salt (dietary sodium) <5 g/d (<2000 mg sodium/d) World Health
Organisation

<2000 mg sodium Dietary sodium identified and calculated from
24-h diet recall data

4a Free (added) sugars
(24-h recall)

<10% total energy World Health
Organisation

<10% total energy Added sugars identified and calculated from
24-h diet recall data

4b Free sugars (DQ-Q) <10% total energy World Health
Organisation

<10% total energy Free sugars identified using DQ-Q criteria
Amount consumed calculated from 24-h diet
recall data

5 Processed meat ‘Consume very little, if any,
processed meat’

World Cancer
Research Fund

0 g Processed meat identified using DQ-Q crite-
ria

Amount consumed calculated from 24-h diet
recall data

6 Unprocessed red
meat

≤350–500 g/week World Cancer
Research Fund

≤71 g Unprocessed red meat identified using DQ-
Q criteria

Amount consumed calculated from 24-h diet
recall data

Dietary components to
encourage

7 Fruits and vegetables ≥400 g/d World Health
Organisation

≥400 g Fruits and vegetables identified using DQ-Q
criteria

Amount consumed calculated from 24-h diet
recall data

8 Beans and other
legumes

‘A healthy diet con-
tains : : : legumes’

World Health
Organisation

>0 g Beans and legumes identified using DQ-Q
criteria

Amount consumed calculated from 24-h diet
recall data

9 Nuts and seeds ‘A healthy diet contains : : :
nuts’

World Health
Organisation

>0 g Nuts and seeds identified using DQ-Q crite-
ria

Amount consumed calculated from 24-h diet
recall data

10 Whole grains ‘A healthy diet contains : : :
whole grains’

World Health
Organisation

>0 g Whole grains identified using DQ-Q criteria
Amount consumed calculated from 24-h diet
recall data

11 Dietary fibre >25 g/d World Health
Organisation

>25 g Dietary fibre identified and calculated from
24-h diet recall data

DQ-Q, diet quality questionnaire.
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meeting WHO and other international dietary guidelines
(using the HDI-2020 criteria). All models were adjusted for
age, sex, household income and area of residence. For all
analyses, a level of significance was assumed at P < 0·05.

Results

Demographics and dietary intake of low-income
adults
Of the 2521 study participants, 68·1 % were female. Whilst
40·0 % of participants with anthropometric measurements
(n 2024) had a normal weight, obesity prevalence levels
were much higher in women, with 43·7 % (n 587) of
women, and 7·9 % of men (n 54), living with obesity. The
majority (86·2 %) of participants had not completed
secondary education, andmore than half of the participants
had amonthly household income of R3000 (226 USD based
on 2018 exchange rates) or less. Dietary diversity was only

achieved for 24·3 % of female participants. Despite this,
86·4 % of participants reported little to no household
hunger, and 60·5 % reported a low lived poverty index (see
Table 2 Panel A).

Themean energy intakewas significantly higher amongst
men than women (8551 kJ/d v. 7393 kJ/d; P< 0·001). This
trend was also observed for most other nutrients. Men
consumed significantly more total fat (59·7 g/d, P= 0·001)
and saturated fat (16·8 g/d, P= 0·005) than women who
consumed a mean 51·9 g/d and 14·9 g/d, respectively. The
meandaily protein consumptionwas 10g higher inmen than
women (67·5 g v. 57·7 g, P< 0·001), whilst total sugar only
differed by 2 g/d (64·3 g v. 62·5 g; P= 0·699). Interestingly,
despite their energy intake being lower, women consumed
significantly more added sugar than men (23·8 g/d v.
20·5 g/d;P< 0·001). They also consumedmorewhole grains
and fruits and vegetables than men, although this was not
statistically significant. The average fibre intake amongst
participants was 17·4 g/d (see Table 3).

Table 2 Share of total energy intake from ultra-processed foods (UPF) according to demographic characteristics†

Panel A Panel B

Distribution

Mean share of
total energy intake

from UPF P value*

n % % SE

Sex Male 804 31·89 38·97 0·85 0·062
Female 1717 68·11 37·09 0·56

Age 18–29 1453 57·64 40·24 0·62 <0·001*
30–39 974 38·64 35·36 0·75
40–50 94 3·73 22·28 1·95

Area Khayelitsha 191 7·58 29·81 1·57 <0·001*
Langa 2161 85·72 39·52 0·50
Mount Frere 169 6·70 23·13 1·68

Household income (per month) <R3001 1116 52·87 36·64 0·70 0·087
R3001–R4000 312 14·78 36·72 1·31
R4001–R5000 211 10·00 38·22 1·74
R5001–R7500 207 9·81 38·86 1·58
R7501–R10000 137 6·49 39·87 2·11
>R10000 128 6·06 37·93 2·13

Nutritional** status Underweight 108 5·34 40·90 2·24 0·933
Normal weight 809 39·97 39·85 0·83
Overweight 466 23·02 38·00 1·06
Obese 325 16·06 37·67 1·30
Severely obese 184 9·09 40·12 1·75
Morbidly obese 132 6·52 42·10 2·02

Education level No/min formal completed 123 4·90 30·17 2·13 0·002*
Completed primary 2042 81·32 37·82 0·52
Completed secondary 346 13·78 39·42 1·33
Completed tertiary 0 0·00 –

Lived poverty Low (<0·51) 1491 60·51 37·89 0·62 0·023
Low-med (0·51–1·0) 598 24·27 39·26 0·92
High-moderate (1·1–1·5) 214 8·69 38·08 1·67
High (>1·5) 161 6·53 30·75 1·73

Household hunger Little/no hunger 2169 86·41 37·83 0·51 0·469
Moderate hunger 324 12·91 36·55 1·34
Severe hunger 17 0·68 39·05 6·24

Minimum dietary diversity
for women (MDD-W)‡

Achieved MDD-W 417 24·33 37·35 0·91 0·784
Did not achieve MDD-W 1297 75·67 37·00 0·69

*Regression analysis used to calculate P value. Level of significance assumed at P< 0.05.
†Missing values are due to anthropometry measurements only being taken in Langa (sample age 18–39 years; 2024 measurements taken).
‡Minimum dietary diversity for women (MDD-W) includes only women, up to age of 49 years.
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Table 3 Dietary intake of males and females aged 18–50 years in Langa, Khayelitsha and Mount Frere

Female Male Total

P valueMean SD Median IQR Mean SD Median IQR Mean SD Median IQR

Energy (kJ) 7392·83 3123·21 6918·08 3894·77 8550·79 3549·63 8046·90 4332·76 7762·13 3308·87 7328·42 4074·97 <0·001**
Energy from UPF (kJ) 2873·91 2384·44 2415·70 2794·00 3464·03 2787·10 2984·65 3281·54 3062·11 2534·27 2595·88 3025·00 <0·001*
Protein (g) 57·65 29·69 52·43 35·52 67·47 34·05 62·12 40·67 60·78 31·48 55·27 36·35 <0·001*
Total fat (g)‡ 51·91 34·53 45·12 41·54 59·71 42·85 49·76 45·19 54·40 37·55 46·30 43·18 0·001*
Saturated fat (g) 14·90 11·54 12·34 12·01 16·79 14·24 13·28 12·60 15·50 12·49 12·54 11·97 0·005*
MUFA (g) 17·35 13·10 14·28 14·29 19·97 17·12 15·24 15·66 18·18 14·55 14·60 14·63 0·003*
PUFA (g) 14·09 11·48 11·01 12·77 16·22 13·98 12·07 15·18 14·77 12·37 11·29 13·59 0·004*
Carbohydrate (g) 246·96 107·65 233·11 131·74 276·35 117·43 265·30 149·31 256·33 111·68 243·99 140·09 <0·001*
Total sugar (g)† 62·47 46·03 53·40 58·23 64·34 49·97 56·56 63·15 64·07 47·32 54·40 58·23 0·699
Added sugar (g)† 23·81 31·33 16·63 35·59 20·52 31·31 4·61 31·52 22·76 31·36 14·63 34·28 <0·001*
Dietary Na 1534·28 1301·44 1252·68 1215·13 1825·11 1515·98 1558·64 1565·59 1627·03 1379·88 1318·66 1336·48 <0·001*
Processed meat (g) 20·57 57·04 0·00 0·00 24·91 74·47 0·00 0·00 21·95 63·15 0·00 0·00 0·905
Unprocessed red meat (g) 22·31 68·54 0·00 0·00 35·53 100·73 0·00 0·00 26·53 80·44 0·00 0·00 0·008*
Dietary fibre (g) 16·82 10·48 14·79 11·27 18·62 11·35 16·66 12·74 17·40 10·80 15·30 11·78 <0·001*
Fruits and vegetables (g) 129·52 171·08 75·00 170·00 127·29 167·86 68·50 187·00 128·81 170·03 75·00 175·00 0·186
Beans and other legumes (g) 4·09 23·92 0·00 0·00 5·43 30·23 0·00 0·00 4·52 26·10 0·00 0·00 0·447
Nuts and seeds (g) 1·71 7·94 0·00 0·00 2·79 11·36 0·00 0·00 2·06 9·18 0·00 0·00 0·080
Whole grains (g) 29·47 99·37 0·00 0·00 23·67 88·09 0·00 0·00 27·62 95·94 0·00 0·00 0·133

*Level of significance assumed at P< 0.05. Mann–Whitney U test used to analyse level of significant difference between males and females.
†For nutrient-specific evaluations, missing values in the South African food composition table resulted in an underestimate of values, which was particularly pronounced for total and added sugar (see Appendix Tables A and B for details).
‡Trans-fats excluded from all analysis due to insufficient data in the South African food composition table.
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Ultra-processed product intake
The percentage of total energy intake from UPF was similar
amongst men andwomen (39·0 % and 37·1 %, respectively,
P = 0·062). UPF intake accounted for a significantly larger
share of dietary intake amongst younger consumers,
contributing 40·2 % of daily energy intake amongst 18–29-
year-olds, and 22·3 % of intake amongst 40–50-year-olds
(P < 0·001). Household income was not associated with
the proportion of UPF consumed (P = 0·087), as those
with the lowest household income (<R3001/d) consumed
a similar proportion of UPF to the highest income house-
holds (>R10 000/d), at 36·7 % and 37·9% of total daily
intake, respectively. Those without any formal education
consumed significantly lower amounts of UPF (30·2 %) than
those who had completed primary (37·8 %) and secondary
(39·4 %) education (P= 0·002) (see Table 2 Panel B).

Figure1 shows the distribution of the share of UPF to
total energy intake amongst study participants. Very few
participants (7·6 %, n 192) reported that they did not
consume any UPF in the previous day. There were clear
gradients with respect to nutrient intake, when analysed by
quartile of share of energy from UPF. The highest quartile
of UPF consumers consumed a median 10264 kJ/d of total
energy (60·3 % of which was accounted for by UPF intake),
whilst the lowest quartile consumed amedian 5605 kJ/d (of
which 7·8 % was attributed to UPF). The same significant
trend by quartile for median intake was observed for total
fat, saturated fat, total sugar and Na, with the highest UPF
consumers consuming the largest quantities of these
nutrients of concern linked with NCD and obesity.
Added sugar intake also increased by UPF quartile, but
the difference between quartiles was NS. Interestingly,

median total fibre and fruit and vegetable intake also
increased by quartile of UPF consumers, although the
increase was NS for fruits and vegetables. In both of
these groups, despite the increase in absolute terms, the
opposite trend, which was significant, was observed for
g/1000kJ, with the contribution decreasing with each
ascending quartile (whilst Na had the opposite trend)
(Table 4).

Adequacy of the diet based on international
recommendations
In Table 5, Panel A shows that overall, very few participants
met international recommendations for dietary components
that are beneficial to health. Only 7·0 % of participants met
the WHO recommended intake of 400 g of fruit and
vegetables per day in the previous day. The mean intake
amongst the 1963 participants who did not meet the
guidelinewas 93·0 g/d. Similarly, low numbers of participants
met the protective recommendations for frequent consump-
tion of beans and other legumes, nuts and seeds and
whole grains (with 4·6 %, 7·3 % and 15·6 % meeting each
respective guideline). Slightly more (18·8 %) participants
met the recommended intake of 25 g or more of fibre per
day, although the mean intake amongst those who did not
meet it remained low, at 13·9 g/d

At least 50 % of participants met the recommendations
for all nutrients to limit. Sixty-eight percent of participants
met the recommendation of consuming < 30 % of their total
energy intake from fat, 80·4 % consumed< 10 % of their
total energy intake from saturated fat per day and 72·7 %
consumed< 2000 mg Na per day. No processed meat was
consumed by 79·6 % of participants on the previous

Fig. 1 Distribution of the share of UPF to total energy intake. UPF, ultra-processed foods.
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day, and 86·9 % of participants did not consume excessive
amounts of red meat. Although free and added sugar
intakes were difficult to assess (see the methods and
limitation section for more details), depending on whether
intake was assessed using the free sugar criteria from the
DQ-Q or the 24-h recall data for added sugar, between
57·3 % and 82·1 % met the recommendation of< 10 % of
total energy, respectively (Table 5 Panel A).

Alignment of international dietary
recommendations and the Nova system in
assessing dietary inadequacy
In Table 5, Panel B shows the predicted probabilities of
meeting international guidelines by level of UPF con-
sumption (high v. low). For dietary recommendations that
consider the share of total energy (total fat, saturated fat and
free sugar), high UPF consumers were significantly
less likely to meet the recommendation than low UPF
consumers. The only exception was free sugar intake
when using added sugar from the 24-h recall, which did
not have a significant difference. High UPF consumers
were also significantly more likely to have excessive Na
and processed meat intake and insufficient bean and
legume consumption. However, high UPF consumers
were significantly more likely to meet the recommen-
dations for nuts and seeds, wholegrain and fibre intake.
No significant differences were observed between high
and low UPF consumers for fruit and vegetable intake or
unprocessed red meat consumption.

Discussion

Despite the participants being low-income adults living in
South Africa, most participants reported either low or low-
medium levels of lived poverty, and only 13·6 % reported
moderate to severe hunger. These findings are somewhat
alignedwith findings from studies conducted amongst low-
income South Africans(45,46), although since undertaking
this study (data collected in 2017 and 2018), levels of lived
poverty and food insecurity have worsened in South
Africa(45,46). Only 24·3 % of women met the criteria for
minimum dietary diversity, indicating that although they
might not report high levels of hunger, the diet is not
nutritionally diverse, and is lacking in micronutrients. This
is supported in that, for all components identified in the
HDI-2020 to be protective for health, less than 20 % of
participants consumed adequate amounts. The number of
participants who met the fibre recommendation (18·8 %)
was similar to the number of participants who met the
wholegrain recommendation (15·6 %), which also contrib-
utes towards fibre intake. These protective foods are often
costly, resulting in cheaper, more filling and unhealthier
alternatives being selected instead(10).

While most participants met the recommendations for
total fat, saturated fat and Na intake, examining nutrientT
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Table 5 Using the healthy diet indicator 2020 to assess the probability of low and high ultra-processed foods (UPF) consumers meeting WHO and other international dietary guidelines

Panel A Panel B

Dietary element

Criteria for scoring
(quantitative intake in one
day) n†

Meets guideline Does not meet guideline

P-
value*n % Mean SE n % Mean SE

Predicted
probability
of meeting
guideline if
low UPF

consumer‡

Predicted
probability
of meeting
guideline if
high UPF
consumer‡

% SE % SE

Dietary components to limit 1 Total fat <30% total energy 2111 1437 68·07 39·44 0·59 674 31·93 85·49 1·63 78·59 1·80 52·40 2·22 <0·001*
2 Saturated fat <10% total energy 2111 1698 80·44 11·63 0·17 413 19·56 31·06 0·82 88·89 1·38 66·34 2·11 <0·001*
3 Dietary Na <2000 mg sodium 2111 1535 72·71 1001·80 14·24 576 27·29 3290·02 66·29 97·88 0·61 25·00 1·94 <0·001*
4a Free (added) sugars

(24-h recall)
<10% total energy 2111 1732 82·05 12·86 0·40 379 17·95 67·00 2·05 79·77 1·73 83·71 1·67 0·109

4b Free sugars (DQ-Q) <10% total energy 2111 1209 57·27 22·09 0·83 902 42·73 23·24 1·13 79·76 1·80 40·35 2·13 <0·001*
5 Processed meat 0 g 2111 1680 79·58 0·00 0·00 431 20·42 103·63 5·01 94·21 0·98 60·86 2·19 <0·001*
6 Unprocessed red

meat
≤71 g 2111 1834 86·88 1·96 0·26 277 13·12 189·25 8·09 87·72 1·46 84·66 1·56 0·156

Dietary components to
encourage

7 Fruits and vegetables ≥400 g 2111 148 7·01 589·65 18·84 1963 92·99 93·86 2·26 7·49 1·19 6·82 1·07 0·678
8 Beans and other

legumes
>0 g 2111 98 4·64 99·62 7·96 2013 95·36 0·00 0·00 7·34 1·16 2·95 0·73 0·002*

9 Nuts and seeds >0 g 2111 153 7·25 29·27 1·65 1958 92·75 0·00 0·00 1·46 0·52 12·26 1·48 <0·001*
10 Whole grains >0 g 2111 329 15·59 167·25 9·58 1782 84·41 0·00 0·00 10·15 1·31 17·32 1·70 0·001*
11 Dietary fibre >25 g 2111 396 18·76 34·72 0·54 1715 81·24 13·91 0·14 15·06 1·56 26·56 1·96 <0·001*

UPF,ultra-processed foods.
*Logistic regression analysis performed to calculate the probability of meeting dietary guidelines by quartile of UPF intake. Adjusted for age, sex, household income and area of residence. Level of significance assumed at P< 0.05.
†410 participants excluded from all analysis due tomissing data on household income. For nutrient-specific evaluations,missing values in the South African food composition table resulted in an underestimate of compliancewith guidelines. This
was particularly pronounced for total and added sugar (see Appendix A and B for more details).
‡Low UPF consumers are those with the lowest quartile of UPF consumption, and high UPF consumers are those with the highest quartile of UPF consumption.
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intake based on energy consumed from UPF reveals that
disparities exist in the healthfulness of participants diets.
Those who consumed the most UPF also consumed the
most energy and dietary components that are recom-
mended to be restricted, except for red meat where no
significant difference was observed in the two groups.
Numerous studies have linked high UPF consumption to
poor health outcomes(47). While we did not look at specific
health outcomes, we found a clear positive gradient
of association between share of energy from UPF and
nutrients of concern and an inverse association between
share of energy from UPF and dietary components to
encourage. Consequently, the probability of meeting
international dietary guidance is higher among those
who are in the lowest UPF consumption quantile
compared with those who are on the highest quantile
of UPF consumption. Given the findings of this study,
and others around the world that have found high and
increasing intake of UPF(15), the WHO should consider
introducing a recommendation regarding the maximum
recommended share that UPF should contribute to total
energy (similar to the guidelines it has developed for
saturated fat or free sugar).

The high level of UPF consumption reported amongst
low-income South Africans in our study supports literature
that indicates that the nutrition transition is advanced in
South Africa(48), which typically goes hand in hand with the
proliferation of UPF, and increasing levels of obesity and
nutrition-related NCD(15). This study highlights the need
for the South African Government to implement better
strategies to protect South Africans against the proliferation
of UPF, and more importantly to protect low-income South
Africans who are most vulnerable to the economic shocks
of poor health outcomes from undue influence towards
UPF consumption. Recent studies in South Africa have
found that 76 % of packaged foods sold in South African
supermarkets are UPF(49), and that more shelf space in
stores is allocated to unhealthy products than healthy
products(50) leaving little room for consumers to make
healthy food choices. There is a need to ensure that healthy
and nutritious foods are readily available, affordable and
desirable to consumers, including low-income people, and
that unhealthy UPF are less predominantly the food of
choice.

A policy that the South African National Department of
Health is currently considering and could contribute to an
improved food environment is mandatory front-of-pack-
age warning labels(51). These labels inform consumers
about products containing excessive amounts of nutrients
of concern and can in turn be used to inform further
regulations, such as marketing restrictions (e.g. barring
two-for-the-price-of-one specials, promotions to win
prizes, advertisements to children, etc.), restricting these
products in schools or at point-of-sale in supermarkets
where consumers are more likely to make rash decisions.
Such policies have already been or are soon to be

implemented in Chile, Mexico, Peru, Israel, Singapore and
the United Kingdom. Additionally, measures similar to the
Health Promotion Levy (a tax on sugary beverages which
has been found to be effective in South Africa)(34,52) could
be considered for products that carry a front-of-package
warning label. Revenue raised could be used to subsidise
the price of healthier food choices. In the same way that
unhealthy UPF should be restricted, the consumption of
healthy fresh foods should be encouraged.

Limitations and assumptions
This study has a number of limitations that need to be kept
in mind when interpreting the data. First, only two of the
nine provinces of South Africa were included, which limits
the generalisability of findings. Data from two different
studies were included. Although similar methodologies,
standardised training and the same questionnaires were
used for both studies, sampling strategies differed between
the studies, some of the fieldworkers differed and study
participants were not exactly the same. The sample size
also differed significantly by area. To try and account for
this, regression analysis results were adjusted for area of
residence, age, sex and household income.

Second, seasonality has been found to influence dietary
intake(53). Although three seasons were included during
data collection (summer and autumn in Langa and spring in
Khayalitsha andMount Frere), it is possible that results may
have differed had all four seasons been included.

Third, when collecting dietary data, one needs to take
self-reported bias as well as social desirability bias into
account. Dietary assessment was based on a single-day
24-h recall due to the available secondary data and did not
capture intra-person day-to-day variation in intake. The
distribution of intakewould have been better accounted for
with two or more 24-h recalls per participant or the
inclusion of a quantified FFQ for a subset of the sample;
however, the large sample size of this study allows for
sufficiently accurate means with a single-day recall(53).
Despite the one day of recall data likely resulting in a wider
distribution of intake due to more measurement error, the
rank ordering of quartiles is still appropriate, assuming
measurement error is random. The observations in the top
25th percentile would very likely be the same, even with
multiple days of recall.

Fourth, there were missing values in the SAMRC FCT,
particularly for total and added sugar. Thus when the
SAMRC FCT was applied to the intake data, we found that
19·4 % and 30·6 % of food items reported consumed were
missing total and added sugar values, respectively. More
than 50 % of these missing values were UPF products, and
missingness was greater among UPF products than among
all products. There were no missing values for energy, and
five or less percent of missing values for total fat, saturated
fat, Na and fibre, and thus the degree of underestimation of
intake is higher for total and added sugar. Food groups
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where more than 40 % of consumed products were UPF
included soups, sauces and seasonings; beverages; sugars,
syrups and sweets and other products. These food groups
tended to have higher numbers of missing values originating
fromUPFproducts thanproducts thatwerenotUPF (although
this varied by nutrient and food group). As such, the findings
presented in this paper regarding the share of nutrients of
concern to discourage are likely conservative in terms of the
association between the percentage of UPF consumed and
nutrient outcomes (see Appendix A and B for more details).
Additionally, the SAMRC FCT does not have brand level
nutritional information (nor was this captured in the 24-h
recalls). The nutritional composition of packaged UPF can
differ significantly from one brand to another. However, the
SAMRC FCT is the only South African specific FCT available,
and thus remains the most appropriate FCT to use currently.

Fifth, assumptions needed to be made when classifying
products according to the Nova food classification catego-
ries. As the secondary dietary data used for this study were
not detailed, certain assumptions such as whether products
were home-made or shop bought needed to be made.
Although stepswere put in place to limit classification errors,
it is possible that some products were incorrectly classified.
Little to no analysis of UPF using 24-h recall data has been
conducted in South Africa previously, so despite the
limitations with the dietary data, this study provides a
baseline assessment of UPF consumption amongst low-
income people living in South Africa.

Conclusion
The nutrition transition is advanced, and UPF consumption
is prevalent amongst low-income consumers in South
Africa. UPF contribute disproportionately to energy intake,
especially amongst thosewith thehighest UPF consumption,
and these high UPF consumers consume larger amounts of
nutrients associated with increased NCD risk. Compared
with low UPF consumers, high UPF consumers have higher
overall energy consumption, higher Na, sugar and fat intake
and are less likely to meet WHO recommendations for
nutrients to limit. Most low-income adults living in South
African assessed in this study consumed insufficient
protective dietary components such as fibre, legumes, fruits
and vegetables and had insufficient dietary diversity. Policy
measures are urgently needed in South Africa to protect
against the proliferation of harmful UPF and to promote and
enable the consumption of whole and less processed foods.
These measures could include a mandatory front-of-pack-
age warning label, marketing restrictions, restrictions on the
types of foods available in schools. Additionally, a tax
on unhealthy products could be used to promote the
consumption of healthier food options by using revenue
raised to subsidise the cost of healthy food options. There is
an urgent need to realign the food system in South Africa and
make healthy options achievable for all.
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