i l. bli Ith R .
htoms ot ara/10.1186/412889.022 13900 BMC Public Health

RESEARCH Open Access

: . . ®
Evaluation of foods, drinks and diets et
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Abstract

Objective: This study investigates nutritional quality, environmental impact and costs of foods and drinks and their
consumption in daily diets according to the degree of processing across the Dutch population.

Design: The NOVA classification was used to classify the degree of processing (ultra-processed foods (UPF) and ultra-
processed drinks (UPD)). Food consumption data were derived from the Dutch National Food Consumption Survey
2012-2016. Indicators assessed were nutritional quality (saturated fatty acids (SFA), sodium, mono and disaccharides
(sugar), fibre and protein), environmental impact (greenhouse gas (GHG) emissions and blue water use) and food costs.

Setting: The Netherlands.
Participants: Four thousand three hundred thirteen Dutch participants aged 1 to 79 years.

Results: Per 100 g, UPF were more energy-dense and less healthy than unprocessed or minimally processed foods
(MPF); UPF were associated with higher GHG emissions and lower blue water use, and were cheaper. The energy and
sugar content of UPD were similar to those of unprocessed or minimally processed drinks (MPD); associated with
similar GHG emissions but blue water use was less, and they were also more expensive. In the average Dutch diet, per
2000 kcal, ultra-processed foods and drinks (UPFD) covered 29% (456 g UPF and 437 g UPD) of daily consumption and
61% of energy intake. UPFD consumption was higher among children than adults, especially for UPD. UPFD con-
sumption determined 45% of GHG emissions, 23% of blue water use and 39% of expenses for daily food consump-
tion. UPFD consumption contributed 54% to 72% to daily sodium, sugar and SFA intake.

Conclusions: Compared with unprocessed or minimally processed foods and drinks, UPF and UPD were found to be
less healthy considering their high energy, SFA, sugar and sodium content. However, UPF were associated higher GHG
emissions and with less blue water use and food costs. Therefore daily blue water use and food costs might increase
if UPF are replaced by those unprocessed or minimally processed. As nutritional quality, environmental impacts and
food costs relate differently to the NOVA classification, the classification is not directly applicable to identify win-win-
wins of nutritional quality, environmental impact and costs of diets.
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Background

Providing healthy and sustainable diets is one of the
major challenges of this century. Considering global
warming and the rise of nutrition-related non-commu-
nicable diseases (NCDs) [1], it is essential to identify,
understand, and influence key drivers that contribute to
unhealthy and unsustainable diets. In the last few dec-
ades, the global nutritional transition is characterized
by a shift towards the consumption of ultra-processed
foods (UPF) at the expense of basic, unprocessed foods
[2, 3]. UPF are mostly or entirely created from substances
extracted from foods or derived from food constituents
and are transformed into unrecognizable, ready-to-eat
foods that contain additives and high amounts of energy,
sugar, fat and salt [4]. In contrast, unprocessed or mini-
mally processed foods and drinks are those that are either
fresh or slightly altered to increase food safety, accessibil-
ity or palatability.

Food processing should be an integral part of a sus-
tainable food system [5, 6]. For instance, food processing
makes food safer, enables preservation of foods, helps to
overcome seasonal gaps, enables nose-to-tail consump-
tion and encourages reuse of materials [6]. On the other
hand, food processing steps such as manufacturing,
packaging and distribution, contribute to GHG emissions
[7]. Moreover, considerable amounts of energy, water and
packaging materials are used for food processing. The lat-
ter significantly contributes to the plastic waste stream
entering marine ecosystems [7].

Processes and ingredients that are used to manufac-
ture UPF make them highly convenient for consumers
and highly profitable for manufacturers [4]. Over the past
years, it has been argued that unhealthy foods are less
expensive compared with healthy foods while the price
gap between them is growing [8]. Considering that food
prices are an important determinant of food choices and
nutritious diets, affordability of ultra-processed foods
seems inevitably linked to its consumption, which may
have implications for public health, health inequalities
and food security, among others [9].

Recent studies link UPF with adverse health outcomes.
Higher availability or consumption of UPF is associated
with increased risk of overweight, obesity, cardiovascular
diseases (CVD), cancer and all-cause mortality [10-12].
In food-based dietary guidelines, several countries rec-
ommend reducing UPF consumption (for example, in
Brazil [13] and Canada [14]) or have set targets to reduce
UPF consumption (for example, by 20% in France by 2022
[15]). Existing literature on UPF has primarily focused on
nutrient profiles or health outcomes. Less is known about
the association between UPF and environmental impact
or food costs.
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The NOVA classification is often used to categorize
foods according to the degree of processing [4]. It could
potentially be used to distinguish nutritional quality,
environmental impact and cost of diets. If those indica-
tors were consistently different in ultra-processed foods
and drinks (UPFD) compared with unprocessed or mini-
mally processed foods and drinks (MPFD), this would
facilitate a win—-win-win scenario for the transition
towards a healthy and sustainable diet. Therefore, this
study examines the nutritional quality (via energy, satu-
rated fatty acids (SFA), sodium, fibre, mono and disac-
charides (sugar) and protein), environmental impact (via
GHG emissions and blue water use) and food costs for
UPFD compared with MPFD, as well as their consump-
tion across a representative Dutch population.

Methods

Population and dietary data

Data for 4,313 Dutch children and adults aged 1 to
79 years were derived from the Dutch National Food
Consumption Survey (DNFCS) 2012-2016 [16]. Food
consumption data was obtained using two 24-h non-
consecutive dietary recalls and reported in Globodiet
software (IARC®; former EPIC-Soft) [17]. Background
information such as date of birth, urbanisation level and
educational level was collected by the market research
agency who was responsible for the representativeness.
Information on body composition was gathered in dif-
ferent ways depending on age: body weight and height
of 1-15-year-olds were measured, for 16-70-year-olds
they were self-reported and body weight of<70-year-
olds was measured by a trained dietician. Height was not
measured for adults aged 71-79-years due to practical
reasons. Body Mass Index (BMI) was calculated as the
average body weight (in kg) divided by average height (in
m) squared (kg/m?). A full explanation and description of
this survey are reported elsewhere [16]. For the current
study, participants were classified into subgroups based
on age (1-3, 4-8, 9-18, 19-30, 31-50 and 51-79 year-
olds), weight status (underweight (BMI<18.5 kg/m?),
normal weight (BMI 18.5— <25 kg/m?), overweight (BMI
25— <30 kg/m?), and obese (BMI>30 kg/m?), level of
education, and degree of urbanization. The level of edu-
cation was classified as low (primary education, lower
vocational education, advanced elementary education),
moderate (intermediate vocational education, higher sec-
ondary education) or high (higher vocational education
and university). The educational level concerned the par-
ticipants’ highest completed educational level or, in the
case of participants under the age of 19 years, of the head
of household. The degree of urbanization was classified
as hardly urbanized (fewer than 1,000 addresses/km?),
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moderately urbanized (1000-1500 addresses/km?) and
highly urbanized (1,500 or more addresses/km?) [16].

Degree of food processing

The NOVA food classification system was applied to
determine the degree of food processing [4]. NOVA cat-
egorizes foods and drinks according to the nature, extent,
and purpose of the industrial processing they undergo.
The classification distinguishes four categories: unpro-
cessed or minimally processed foods, processed culinary
ingredients, processed foods, and ultra-processed foods,
which are described in detail elsewhere [4]. In the cur-
rent study, foods and drinks were classified into sepa-
rate categories. Via facet descriptions from Globodiet,
all unique foods and drinks reported by participants
were identified and systematically categorized into one
of the four NOVA categories. Ingredients of composite
dishes were individually reported. The following facets
descriptions were used: conservation method (e.g. fresh,
pasteurization, canned, frozen); production (e.g. indus-
trial, ready-to-eat, fresh); medium (e.g. in oil, in brine,
in syrup); salt content (e.g. salted or not salted); sugar
content (e.g. not sweetened or sweetened with sugar
and/or artificial sweeteners) and where appropriate con-
sistency/shape (e.g. powder, liquid, sliced). Food groups
were based on Globodiet. Food group-specific categori-
zation can be found in Supplemental Table S1. In short,
fresh or plain foods and drinks or slightly altered (dried,
frozen, steamed) were classified as unprocessed or mini-
mally processed foods (MPF) or drinks (MPD) such as
plain yoghurt, rice, coffee and tea. Vegetable oils, but-
ter and other animal fats, and sugar were categorized as
processed culinary ingredients. Fresh or slightly altered
foods combined with processed culinary ingredients
were classified as processed foods or drinks (e.g. tuna in
oil, salted nuts). Foods and drinks that were either ready-
to-eat, industrially prepared, contained many additives,
emulsifiers and/or other comparable formulations/ingre-
dients were classified as ultra-processed (e.g. fruity dairy
drinks, confectionery, margarine). All bread was classi-
fied as ultra-processed since most bread is industrially
prepared and contains food additives. Alcoholic drinks
are not classified according to the NOVA classification.
In the current study, wine, cider and beer were classi-
fied as processed as they are produced by fermentation
of unprocessed foods. Other spirits and liquors (e.g. gin
or whisky) were classified as ultra-processed. A research
dietician cross-checked the classification and provided
expert judgement.

Nutritional quality
Foods and drinks from the DNFCS 2012-2016 were
linked to food composition data of the Dutch Food
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Composition Database (NEVO online version 2016/5.0)
in order to estimate daily intake of energy, SFA, sodium,
mono and disaccharides (sugars), fibre and protein [18].
In addition to often assessed nutrients (e.g. energy, SFA,
sodium, sugar and fibre) that associate with UPFD con-
sumption, protein is of importance since proteins plays
an important role in the transition towards a sustainable
diet. Mono and disaccharides were assessed since free or
added sugar are not included in the Dutch food composi-
tion table (NEVO-online version 2016/5.0).

Environmental impact

The environmental impacts of foods were evaluated for
Greenhouse gas (GHG) emissions (in kg CO,-eq) and
blue water use (in m?®). Blue water use is also referred
to as irrigation water. Data on environmental impact
were derived from the Dutch Life Cycle Assessment
(LCA) food database [19]. In a previous study in which
we applied the LCA Food database we showed that the
correlation between GHG emissions and other environ-
mental indicators is generally high, except for blue water
use [20]. Therefore, this study examines, besides GHG
emission, blue water use since this indicator focusses on
other important foods which are ignored when solely
focussing on GHG emissions. In short, environmental
impacts were based on LCA methodology, which quanti-
fied the environmental impact through the foods’ entire
life cycle. LCAs had an attributional approach and hierar-
chical perspective and were performed following the ISO
14040 and 14,044 guidelines. A time horizon of 100 years
was used, and GHG emissions were recalculated follow-
ing Intergovernmental Panel on Climate Change (IPCC)
guidelines (2006) [21]. Economic allocation was applied
when production processes led to more than one food
product, except for milk, for which bio-physical alloca-
tion was used. The functional unit used was 1 kg of pre-
pared food or drink on the plate, and converted to per
100 g. The LCA food database provided primary data for
265 foods and drinks, which cover 75% of total amount of
food intake. These foods were previously selected based
on frequency of consumption in the DNFCS and varia-
tion in types of food. The environmental impact of foods
and beverages for which primary data were not available
but that were consumed in the DNFCS 2012-2016 were
matched with similar foods. The same methodology was
applied in a previous study [20]. In short, foods were
matched by expert judgement of a panel of scientists
and were based on similarities in types of food, produc-
tion systems and ingredient composition. For composite
dishes, standardized recipes from the Dutch Food com-
position table (NEVO-online version 2016/5.0) were used
where available and if not available, recipes were based
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on label information. More detailed information on the
use of the database can be found elsewhere [19, 20].

Food costs

The Dutch food cost database was used to estimate food
costs. A detailed description of the database can be found
elsewhere [22]. Briefly, retail food prices (n=902) of
the lowest, non-promotional price were collected from
a high segment supermarket (Albert Heijn) and a dis-
count supermarket (Lidl) during July and August 2017
in Amsterdam, the Netherlands. Prices were adjusted
for the weight of packaging, preparation (shrinkage/
gain) and waste and expressed in € per 100 g edible por-
tion. Eight hundred thirty-nine food prices were directly
linked to food composition data of the Dutch Food Com-
position Database (NEVO-online version 2016/5.0) and
covered 62% of the total amount of food intake [18].
Remaining foods were matched to similar foods based on
similarities in product, brand, (relative) price and ingre-
dient composition. For composite dishes, standardized
recipes from the Dutch food composition table (NEVO-
online version 2016/5.0) were used.

Data analysis

Descriptive statistics were applied to characterize the
nutritional and environmental indicators and costs for
foods and drinks (per 100 g) reported by DNFCS 2012—
2016, according to the degree of processing. Primary
data was used to characterize environmental impact and
costs according to the degree of processing. Notable dif-
ferences in characteristics between foods and drinks
per 100 g according to their degree of processing were
reported based on mean and 95%CI. Daily average con-
sumption of UPFD, UPF and UPD was calculated over
two consumption days and expressed in weight (g) per
2000 kcal. The outcomes were standardized in order to
assess the relative contribution of food intake according
to degree of processing towards the total dietary intake.
Mann-Whitney U test or Kruskal-Wallis test for non-
normally distributed data and ANOVA for normal dis-
tributed data were applied to examine differences in
UPED consumption across population subgroups. Nutri-
tional quality (energy, SFA, sodium, sugar, fibre and pro-
tein), environmental impact (GHG emissions and blue
water use) and food costs for total diet and according to
degree of processing were calculated over two consump-
tion days and standardized to 2000 kcal per day and
were reported for total diet and according to degree of
processing. Wilcoxon signed rank test for non-normally
distributed data and paired t-test for normal distributed
data were used to assess whether the nutritional qual-
ity, environmental impacts and food costs of the con-
sumption of culinary processed ingredients, processed
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foods and drinks, and UPF and UPD differs from those
of unprocessed or minimally processed foods and drinks.
Descriptive statistics were reported as mean, 95% con-
fidence interval (95%CI), 25" percentile, 50" percen-
tile and 75" percentile (P25, P50, P75). Reported values
were weighted for demographic properties, season, and
combination of both consumption days (week or week-
end). A sensitivity analysis was performed with alterna-
tions made in the food classification for bread (processed
instead of ultra-processed). The statistical analysis was
performed using SAS software, version 9.4 (SAS Institute
Inc., Cary, NC, USA). A two-sided p-value of<0.05 was
considered statistically significant.

Results

Foods and drinks classified according to NOVA

Around half to two-thirds of the foods (54%) and drinks
(62%) identified in DNFCS 2012-2016 were categorized
as ultra-processed foods (UPF) or drinks (UPD) (Fig. 1).
Approximately a quarter of foods (25%) and one-third of
drinks (31%) were classified as unprocessed or minimally
processed foods (MPF) or drinks (MPD). In the food
groups ‘Sugar, sweets and (savoury) snacks’ (98%), ‘Soft
drinks’ (93%) ‘Grains and breads’ (76%), and ‘Fats and
oils’ (71%), the majority of foods were classified as UPF or
UPD. The food groups ‘Eggs’ (0%), ‘Legumes’ (0%), ‘Veg-
etables’ (1%), ‘Fish’ (8%), ‘Fruits’ (13%), ‘Tap water’ (0%)
and ‘Fruit and vegetable juice’ (0%) contained a low or no
share of UPF or UPD.

Characteristics of ultra-processed foods and drinks

UPF contained around double the amount of energy (313
vs 150 kcal/100 g (4 109%)), triple the mono and disac-
charides (16.1 vs 4.9 g/100 g (+229%)) and SFA (5.4 vs
1.9 g/100 g (4 184%)), and four times the sodium (478 vs
126 mg/100 g (4279%)) compared with MPF (Table 1).
UPF contained reasonably similar amounts of protein
(7.1 vs 8.9 g/100 g) and fibre (2.3 vs 2.7 g/100 g) compared
with MPF. UPD had a similar energy (67 vs 75 kcal/100 g)
and mono- and disaccharides (8.7 vs 7.3 g/100 g) content
compared with MPD.

UPF were associated with slightly higher GHG emis-
sions (0.62 vs 0.55 kg CO,-eq/100 g (4+12%)) but less
usage of blue water (0.008 vs 0.033 m3/100 g (-97%))
compared with MPFE. Underlaying food groups showed
a large variation in average environmental impact, e.g.
GHG emissions were on average 0.19 kg CO,-eq/100 g
for unprocessed or minimally processed vegetables while
2.75 kg CO,-eq/100 g for unprocessed or minimally pro-
cessed meat. UPD were associated with similar GHG
emissions (0.11 vs 0.10 kg CO,-eq/100 g) but less blue
water use (0.002 vs 0.008 m?/100 g (-75%)) than MPD.
UPF were almost half as expensive as MPF (€0.55 vs
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Fig. 1 Percentage of foods and drinks according to NOVA-categories for foods and drinks consumed in DNFCS 2012-2016 by food groups

€0.97/100 g (-43%)). UPD cost two times more (€0.37 vs
€0.15/100 g (4 147%)) compared with MPD.

Ultra-processed foods and drinks in daily diets

The Dutch population consumed a daily absolute aver-
age of 3053 g (2126 kcal) of foods and drinks, of which
925 g UPFD (478 g UPF and 477 g UPD). The abso-
lute daily average UPFD consumption was 743 g for
1-3-year-olds, 1014 g for 4-8-year-olds, 1230 g for
9-13-year-olds, 1259 g for 14—18-year-olds, 1091 g for
19-30-year-olds, 959 g for 31-50-year-olds, 737 g for
51-70-year-olds and 617 g for 71-79-year-olds. Fig-
ure 2shows the daily consumption of UPF and UPD by
age, in grams per 2000 kcal. Per 2000 kcal, the daily aver-
age UPFD consumption was 893 g (456 g UPF and 437 g
UPD) and did not differ between men (889 g/2000 kcal)
and women (898 g/2000 kcal) (p>0.05) (Table 2). Daily
UPFD consumption differs significantly between age
groups (p<0.001). Children and teenagers up to 18 years
consumed, almost twice as much UPFD (approximately
1200 g/2000 kcal) compared with adults and older adults
aged 51 to 79 years (ranging between 632 g/2000 kcal
to 700 g/2000 kcal). Adults aged 19 to 30 years and
31 to 50 years consumed 962 g and 874 g UPFD per
2000 kcal, respectively. Consumption of UPF ranged
from 438 to 485 g/2000 kcal for all age groups. Children
and teenagers consumed more UPD (approximately
700 g/2000 kcal) than adults aged 19 to 50 years old (415
to 525 g/2000 kcal) and adults aged 51 to 79 years old
(ranging between 180 to 247 g/2000 kcal).

There were significant differences overall by subgroups
of education level and degree of urbanization (Table 2),
ranging around 4-9% between the subgroups. Partici-
pants with a moderate education level (939 (95%CI 916,
962) g/2000 kcal) consumed 89 g more UPFD compared
with higher educated participants (850 (95%CI 830, 871)
g/2000 kcal) and 68 g more compared with lower edu-
cated participants (871 (95%CI 838,903) g/2000 kcal)
(p<0.001). Participants living in low urbanized areas
consumed 916 (95%CI 891, 942) g/2000 kcal UPFD, and
consumed 40 or 20 g UPFD more than those living in
highly or moderately urbanized areas, 876 (95%CI 856,
896) g/ 2000 kcal and 898 (95%CI 868, 928) g/ 2000 kcal
respectively (p <0.01).

Nutritional quality, environmental impact and food costs

Although there was a statistically significant difference
observed between UPF and MPF consumption, their con-
sumption was more or less similar with 442 g/2000 kcal
and 456 g/2000 kcal, respectively for UPF and MPF.
Energy intake from UPF was almost three times higher
at 1107 kcal (55%)compared with 372 kcal (19%) from
MPF (p<0.001). Per 2000 kcal, UPF consumption con-
tributed most towards daily intake of sodium (1596 mg,
70%), fibre (11.1 g, 58%), SFA (15.3 g, 54%), protein (33 g,
44%) and mono and disaccharides (42 g, 40%) (Table 3).
MPF consumption contributed less to daily nutrient
intake, ranging between 7% (for sodium) and 37% (for
fibre). The consumption of UPD (437 g/2000 kcal) was
around three times lower than the consumption of MPD
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Fig. 2 The daily average ultra-processed foods and drink consumption in grams per 2000 kilocalories for Dutch men and women aged 1 to
79 years according to different age groups

(1510 g/2000 kcal) (p<0.001), contributed 6% to daily
energy intake and determined 25 g (24%) of daily sugar
intake.

Compared with MPF, consumption of UPF contributes
more to GHG emissions (36% vs 30%) (p <0.001) but less
to blue water use (19% vs 35%) (p<0.001) per 2000 kcal.
UPD determined approximately twice less GHG emis-
sions (7% vs 12%) (p<0.001) and seven times less blue
water use (4% vs 27%) (p <0.001) compared with MPD.

Dietary costs for UPF (€1.24/2000 kcal) and UPD
(€0.42/2000 kcal) consumption were lower compared
with costs of MPF (€1.32/2000 kcal) (p <0.001) and MPD
(€0.63/2000 kcal) (p <0.001) consumption.

Sensitivity analysis

In a sensitivity analysis, all bread was classified as pro-
cessed instead of ultra-processed. The percentage UPF
in ‘Grains and breads’ decreased from 76 to 35%. As a
result, the average fibre content of UPF decreased with

0.2 g fibre per 100 g (2.1 g fibre per 100 g). Daily average
UPF consumption decreased from 456 g per 2000 kcal
to 336 g per 2000 kcal, resulting in an difference of 120 g
(309 kcal). Obviously, UPF contributed less to daily
intake of fibre (-6.3 g, -57%), protein (-12.6 g, -38%),
sodium (-523 mg, -33%) and determined less GHG emis-
sions (-0.14 kg CO,-eq, -8%), blue water use (-0.003 m?,
-12%) and food costs (-€0.23, -19%).

Discussion

This study investigated nutritional quality, environ-
mental impact and costs of foods, drinks and daily
diets according to the degree of processing across the
Dutch population. Per 100 g, ultra-processed foods
were on average energy-denser, less healthy, and associ-
ated with higher GHG emissions but lower blue water
use and were cheaper than unprocessed or minimally
processed foods. Per 100 g, ultra-processed drinks had
on average a similar energy and sugar content, similar



Page 9 of 15

(2022) 22:877

Vellinga et al. BMC Public Health

L00'0> wxx LO'0> % 'SO'0> |

‘sBulssiw %z | q

PIO s1e3K 6/ 01 | 10} [€3Y 996 Pue P|O s1edA 0 O} LG 10 [B 6ELT
'p|0 518K 05 O3 LE 40§ [B2Y 0STT ‘PIO SISK OF 01 61 404 |82 LLET 'P|O SIBSA 8L 01 171 10§ [3) LOTT ‘PIO SIBIA €1 O3 6 404 [82) TSOT ‘PO 518K 8~ 10} DX Hb9 | ‘P|O JedA £~ 10§ [e3X 9€T L Sem dxelul ABIsud paidalodun

€69 vle 88 (0/b'Teh) ok S 8vy €9 (641 'T9Y) 0L oL ¥I8  LpS (T¥6'168) 916 9 UbIH

SS9 Sl S8 (19¥ vov) 1434 7€S Sy 89€  (9/¥'SSY) SOt 9Ll 108 7SS (876 '898) 868  0C 21ISPO

¥99 ClE 0L (ISP'Eld) 432 7S 8tk Sve (0SY'9gh) 344 LU L4l wps (968 '958) 9/8 € Mo
% *% uolnyeziueq.n jo ww._mwn_

0l9 0z T8 (9L¥'8LE) 16€ €65 e 95€  (L9¥'/bb) ¥St 960l  ¥S/ 8lS (1£8'0£8) 0$8 ¥ ubIH

S/ 09¢ 8Tl (£0S'8Sh) 18% €65 9g¥  SSE (997 'LSh) 85t 907l 6£8  S8S (296 '916) 656 L€ 21RIOPON

869 €/ 09 (Shb'T8f) vl vES  Ovr  0SE (89 'OFh) LSt Ll €4 LbS (€06 '8€8) 18 6l Mo
e *% P |9A3] uonednpy

6V9 v/ ¥L  (L6V'€6E) St SYS vk 6vE  (08F 'ThY) o9 oLl 0LL TS (796 '7S8) £06 8 95390

859 C0E 68  (9Kb'S8E) 9y €vS b 8SE  (ELVLSY) o €LLL 89/ 8SS (016 '9¥8) 8/8 8l 1YBIeMIBAO

L 1LE 8Tl (L6 '9Sh) €LY ¥ZS  TEr  1SE (9SY 'pib) oSy 90Tl €£8  1LS (t¥6 'S06) vee 9 1yBIam [eusioN

0¥6 89S  £/7  (889'999) 179 9/S  0/F €/ (S6V'8SY) LY G/EL 160l 6L (S9LL'PROL)  tOLL S Wybremispun
e qlNg

9/C €Ll 0 (00Z'191) 081 €65 8ty SvE (59K '8eh) LSy [SL 0L5  9gv (959209) €9 Tl 6/~

e LEL 0 (T'oco) LT lbS 67k  SEE (89F'LEV) 394 /58 879 6hv (0££'699) 00, ¢l 0/-15

L19 76T L6 (€SV'LL9) Sl lbS  Sby  0SE  (CL¥ 'Obb) 65t 9Ll 89/ ¥¥S (V16 'vE8) v/8 Tl 05-1¢€

G5/ 90F €/l (596 '€8Y) s €0S  6ly  0S€  (0SK'Sth) 8¢t 607l €58 CT9  (€00L'LT6) 96 Tl 0£-61

066 Sl9  0SE  (£££'959) 969 8ES 19K 16 (6/F'65P) 691 SSPL o £60L /18 (90ZL'¥Til)  S9LL Tl 8l-vl

186 669 S9¥ (8S/'L69) st ¥S 89y YO¥  (S6V ‘YLY) S8p 09%L €6LL  9¢6 (evTl's/LL)  60CL Tl €1-6

S0l 09/ €8F  (£1879L) 18/ SES 65k 88¢  (Z8F'09Y) Va4 LVl €5TL €56 (88T DN: 444 8-t

L00L  0S9 19¢  (8/L'S69) LEL 9€S  OFb 9T (8Lb'ESP) 9 vevlL  Shll 66/ (9vTL'6SLL) ozl 9l -1
(K)aby

/9 98T SL (6¥FOLY) 6Ct ¥SS 9y ¥SE (9L 'L9Y) 697 UL ¥6L ¥ES (816'£48) 868  0S dlew

¥99  ze€ €0l (9 'oTh) a4 9lS  vey €58 (0Sh '6ED) a4 cvllL 88/ 1SS (£06'0£8) 688 05 Slew
J9pusn
699 vle €6 (0Sb'cTh) L€V €65 68 €5¢ (19¥'TSh) 95t oSLL 06/ LYS (£06 '648) €68 00l n

anjea-d SLd'0Sd‘Sed  (ID%S6) uesaw  anjead SLd'0Sd‘Std  (ID%S6) uesa  anjead S.d‘'0Sd ‘std (ID%S6) ueaw %
102 0002 103 0002
/(6) (@dn) s)utip passadoid-bayn /(6) (4dn) spooy passadoid-bann e 1D 0002 /(6) a4dn [p1oL N

uonendod

ay1 Jo sdnoibgns pue uonendod yoing |10l 104 S3L0JEI0| 00T Jod SWeIb Ul SYULP pue SpPoo} Passad0id-eiln JO uoldwNsSUuod Syl JO UOINQUISIP pue SbeloAe 9y g djqeL



Page 10 of 15

(2022) 22:877

Vellinga et al. BMC Public Health

*xx 0
€0
2% vel
*x o
§8
1444
oN|eA-4
*x 19
KX 9
SCl
X% 8€S
HRK 0
L0¢
8¥9¢
oN|eA-d
*xx 98l
e 78
7l
P ¢
Xk €6
637
000¢
oN[eA-¢

00
00
00
601

00
SS

78l

Ll

9/

¥4

LLLL

9Gl

oy

e

000¢

00
00
00

S8
00
00
0¢

oSl
G/d'05d 'Std

14

8611
961
0

LS

0s81
G/d'05d 'Std

000¢
§/d'05d 'std

(€0'€0) €0
(¢o'zo) 20
(co'z0) 20
(cLrott) ULt
(60'80) 80
00'00) 00
(§9'C9) ¥'9
(cel'68L) 06l
(ID%S6)  uesw

(B) 21q14

(Ly'eh) Sy
(S) 4
(¢6'99) 68
(7191 '8£51) 9651
(86€ '6L€) 68¢
(€0 €
(SZ1%91) 691
(S1€2'SL20) S6CC
(ID%S6)  ueay
(Hw) wnipos
(tzi'sLl) 44!
(99 '69) 9

(66 '€6) 96
(SLLL'6601) [0LL
(18L'esl) Y7
(5919) €9
(64€'99€) eLe
(0007 '0002) 000¢
(ID%S6)  ues

(je2y) ABaaug

anjen

[onjen-4

00
(44
88l
6
9l
[4%

1443

LE

8l

¥S

8¢

o€l

699
oel
€661

133
801

91
9/S

66v¢

00
00
S0
'Sl
€S
70
L'c

08¢

<0l

6¢v
59

96¢

108¢

00
00
00

€Ll
e
00
60

1334
G/d'05d 'Std

LL
G/d'05d 'Std

(F0'v0) 70
(00'00) 00
S1¥L) vl
(§SLL'SL) €6l
6 9T e ¥'9
(1'sn) 9l
a £'0¢) L'e

(¥'8C'0'80) 8¢
(1D%56) uesy

(6) v4s

9z ') 4
'y L
(cLTl) 4!
(¢r'1y) 144
@ 4
(SP) S
(0z'61) 61l

(£01 01) SOl
(1D9%56) Uesiy

(B) sapueyddesIp pue ouop

€6
0
0/

€5¢
123

L
1944

85¢C
§/d'05d 'std

(0S¥ ‘sep) LEY
(€L1'001) 901
(TvSL'LLvl) 0lSL

(L9¥ '2Sh) oSt
(08'92) 8/
(LL'ot) Ll

(0S¥ 'veY) 424

(€£0€ '900¢€) 6£0¢
(12%56) uesy

(6) ybram

(@dn) passeooud-en|n

Pa55920.d

(4dW) passao0.d Ajjewiuiw 1o passadoidun
syuug

(4dN) passadoid-en|n

P955920.d

S1uaIpalbul A1eulnd passadold

(4dW) passad0id Ajjewiuiw 1o passadoidun
spoo4
v

(@dn) passesoid-en|n

Passa201d

(4dW) passadoid Ajjewiuiu o passadoidun
syuug

(4dN) passsdoid-en|n

pa559201d

S1uaIpaIBul AJeulnd passadold

(4dIW) passa0id Ajjeuiuiu 10 passadoidun
spoo4
v

(adn) passadoid-en|n

P3559201d

(4dIA) passe201d Ajjewiuiu 1o passacoidun
syuug

(4dN) passad01d-eain

passad0id

sualpaibul Aleuiind passad0.d

(4dW) passe201d Ajjewiuiw 1o passadoidun
spoo4
v

uonendod yoing ay3 4oy

Buissadoid Jo 2a169p AQ SYULP PUB SPOO) PALINSUOD S31I0RIO|IN 0007 J2d s1oadse $1s0d pooy pue 1oedull [BIUSWUOIIAUS ‘AJljenb jeuoninu ‘uopduinsuod sbesane ay] € ajqeL



Page 11 of 15

(2022) 22:877

Vellinga et al. BMC Public Health

L1000 > sxx LO'0O>xx 'SO0> |

!SYULIP 10 PO} Passa01d Ajjewiuiu Jo passad0idun 33Ua13§31 BY} UM 3DUSISYIP Y3 S3SSISSY |

anjen

090
€e0
G680

LGl
090
€00
S/l

867

90
L10
LL0

144
80
900
S8l

L20
000
€50

€0
100
601

607

000
970

€5l
050
00
601

0S¥

L00
000
8C0

060
810
000
090

Lee
§/d'05d'std

S00
000
0

80'L
9C0
000
650

08¢
§/d'05d'std

70 'L¥0)
(ST0'CT0)
(590 C90)

(szl'zel)
(90 '€170)
(€00'200)
(Se'L'6TL)
Oy 'LT)

(1D%56)

o
€C0
€90

vl
70
00
el

[434
ues

(3) 53503 poO4

(€€0'L€0)
(€1o'cL'o)
(950 '€5°0)

(€£1'89°1)
(090£50)
(S0'0'50°0)
(ev'1'9¢'L)
(LLY'69F)

(1D%56)

[430]
€Lro
S50

01
650
S00
or'L

ULy
ues

(ba-20D By) suoissiwa DHD

anjen-

8000
000
€500

L€00
6000
5000
1900

LZ10

0¢
L'0
49
G'6¢
961
00
L'ce

S8

€000
0000
0¢00

700
9000
1000
Ge00

0clo

00
8¢
lce
€6
00
00¢

9

1000
0000
6000

£100
€000
0000
8100

7800
§/d'05d'std

00
00
[

1414
Sy
00

4!

L'€9
§/d'05d'std

(£000'9000) 9000
(#000'¥000)  +000
(0r00'£€00)  8€0°0
(9200'5200) 9200
(6000'8000) 6000
(£000'9000) /000
(6¥00'9700)  8¥00
(lP1'0'2€L0)  6EL0
(ID%S6)  ues\

(gw) asn u=3em anjg
®Lron Al
(€0'€0) €0
(1'9'8'%) 09
(ree'sce) Lee
(FLL'gol) ULt
(0000) 00
(Lec'se) et
(6'SL'8YL) €6,
(ID%S6)  ues\

(6) uioud

(@dn) passaooid-en|n

P3559201d

(4dW) passa20.d Ajjewiuiw 10 passadoidun
syuug

(4dN) passed01d-eain

Passad0id

syuaIpaibul Aleuiind passad0.d

(4d) passadoud Ajjewiuiw 1o passadoidun
spoo4
v

(adn) passenoid-enjna

Pas59201d

(4dW) passad0.d Ajjewiuiw 1o passadoidun
syuug

(4dN) passed01d-eain

Passa20id

siuaipaibul Aleulnd passadold

(4d) passadoid Ajjewiuiw 1o passadoidun
spoo4
v

(Panunuod) € 3jqey



Vellinga et al. BMC Public Health (2022) 22:877

GHG emissions but lower blue water use and were
more expensive compared with unprocessed or mini-
mally processed drinks. In the current Dutch dietary
pattern, UPFD consumption accounted for 29% of daily
food consumption in weight per 2000 kcal and deter-
mined 61% of daily energy intake. Children consumed
more UPFD per 2000 kcal, and especially UPD, com-
pared with adults and older adults. The consumption of
UPFD was found to be unhealthy given its significant
contribution to the intake of nutrients such as sodium
(72%), sugar (64%) and SFA (54%). The high UPFD
consumption determined 45% of GHG emissions and
23% of blue water use. Furthermore, food costs related
to UPFD consumption were lower since UPFD deter-
mined a smaller proportion of daily food costs com-
pared with those unprocessed or minimally processed
foods.

The UPFD consumption in the Netherlands is compara-
ble to studies from the USA (58%) [23] and the UK (57%)
[24] but higher compared with studies from Brazil [25],
Chile [26] or Canada [27], ranging between 22 to 48%
of daily energy intake. Differences might be explained
by the NOVA classification of bread. Firstly, all bread in
our study was classified as UPF since most bread is mass-
produced nowadays and contains additives. Secondly,
the Dutch consume large quantities of bread: on average
120 g or 309 kcal on a daily basis. Other studies some-
times categorized bread as unprocessed or minimally
processed [28], processed [29] or ultra-processed [30].
The difficulty of classifying bread according to NOVA has
been addressed previously as terminology such as artisa-
nal bread, sliced or unsliced, mass-produced is used, but
their exact interpretation is not self-evident [31, 32]. The
classification of bread has direct implications for protein
and fibre since we identified high — or similar compared
to unprocessed or minimally processed foods — levels
in UPE In a sensitivity analysis we demonstrated that if
120 g or 309 kcal of UPF shifted to processed foods, con-
sequently a lower contribution from UPF to daily protein
and fibre intake was observed. This underlines a certain
level of arbitrariness in food classification since results
would be significantly different if bread was not classified
as UPFE. In accordance with previous studies, our over-
all results show that ultra-processed foods and drinks
are unhealthy as they are on average more energy dense,
contain high levels of SFA, sodium and sugar [33] and
contribute significantly to daily energy, SFA, sodium and
sugar intake [4].

We found that children and teenagers from 1 to
18 years consumed more UPFD than adults and older
adults. This finding is in line with studies from Belgium
[30], the USA [34], Canada [27] and Chile [26]. UPFD
consumption appears to be inversely associated with age,
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as demonstrated in various studies [27, 29, 34, 35]. Our
results indicated that the lower UPFD consumption with
increasing age was mainly due to lower consumption of
UPD. The older population consumed more unprocessed
or minimally processed drinks such as coffee, tea and
water, which raises the question of whether the observed
UPD consumption in the younger age groups is a tem-
porary effect or whether it is a birth-cohort effect that
will remain when this groups reaches adult and older
ages. Furthermore, although children do not consume
2000 kcal daily, the relative observed dietary share of
UPED for children and teenagers (1 to 18 years) in our
study (75% of daily energy intake (not standardized)) was
higher than reported values from UK (65%) [36] or Bel-
gium (33%) [30]. The high consumption of UPFD among
Dutch children is of concern, given its association with
poor diet quality, weight gain, obesity and other adverse
health outcomes [37]. Convenience, attractiveness and
aggressive marketing campaigns targeting children can
increase UPF consumption in children and is suggested
as an important reason why energy intake from UPF is
high in high-income countries [3].

The environmental impact per kg foods or diets
according to the degree of processing (NOVA) has not
been determined in detail in previous research. Fardet
and Rock (2020) demonstrated based on GHG emissions
of dietary patterns, that UPF-like discretionary foods do
not necessarily produce the highest GHG emissions (per
100 g) [5]. In our study, UPF, per 100 g, were associated
with on average a higher GHG emission, but lower blue
water use compared with MPFE. Per 100 g, the environ-
mental impact for UPD was on average similar for GHG
emissions but lower for blue water use compared with
MPD such as water, coffee, tea and fruit- and vegetable
juices. Those results are divergent and do not convinc-
ingly reflect a lower environmental impact for MPFD,
compared with UPFD. Moreover, our study showed that
UPF and UPD consumption contributed, respectively,
36% and 7% of GHG emissions and 19% and 4% of blue
water use. An Australian study estimated the environ-
mental impact of discretionary food consumption and
reported at 33% and 35% for associated GHG emission,
and water footprint, respectively [38]. The environmental
impact associated with UPFD consumption is significant
and should therefore not be neglected [39].

Food costs according to NOVA were not in line with
outcomes for nutritional quality, as healthier foods (MPF)
were more expensive than UPF, while UPD were twice as
expensive as MPD. Previous studies did not assess food
costs separately for drinks and foods, but did report that
UPFD were less expensive than MPFD, for instance, in
Belgium (€0.55/100 kcal for UPF and €1.29/100 kcal for
unprocessed or minimally processed food) [40], although
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there are exceptions [41]. Moreover, food costs associ-
ated with MPFD consumption were more expensive than
costs associated with consumption of UPFD. In Belgium,
MPED contributed most to daily dietary costs (30—42%)
compared with UPFD (22-30%) [40]. Higher food costs
for unprocessed, healthier foods and diets, might have
implications for population health, especially among the
lower educated individuals [8, 9].

The applicability of categorizing foods for health-
related outcomes according to NOVA is frequently
addressed. In addition, the concept of NOVA is more
often used in food education. Given current diet-related
NCDs and progressive climate change, but also growing
gaps in health inequalities and economic status, inte-
grated measures not focussing on one single problem,
such as dietary health via NOVA, are preferred. Further-
more, a clear diet advice requires that outcomes for nutri-
tional quality, environmental impact and diet cost are
ideally in accordance with each other, for foods as well as
for drinks, to facilitate a transition. The NOVA classifica-
tion could potentially be used to distinguish nutritional
quality, environmental impact and cost of diets. NOVA
seems suited to identify unhealthy foods, but there are
some exceptions: the UPF category in NOVA covers a
broad range of unhealthy but also nutritious foods (e.g.
wholegrain bread). Although, NOVA was developed to
identify degree of food processing, the concept appears
not to be of added value for classification for environ-
mental impact and costs evaluations. Our results show
no convincing and rather divergent results based on the
NOVA concept in assessing—besides nutritional qual-
ity—the environmental impact and food costs for UPFD
compared with MPFED. Therefore, we question whether
food classification according to the degree of processing
(NOVA) is needed and a suited methodology to imple-
ment for environmental impact as well as for diet cost
evaluations or to use as a starting point for food policy.

However, action is needed since current food consump-
tion patterns include many UPFD and a large number
of foods that are unhealthy and not recommended for a
healthy diet. Interventions focussing on the replacement
of UPFD with MPFED will benefit human health but may
not automatically lead to a lower environmental impact
or reduced food costs. However, for example, replacing
sugar-sweetened beverages with tap water is less expen-
sive and benefits both human and planetary health [42].
For population groups with a general overconsumption,
reducing UPF consumption without substituting rec-
ommended healthy foods remains an interesting lever
for achieving a healthier and sustainable diet without
adverse health effects [5]. It should be noted that it can be
difficult to reduce UPFD consumption, as they are inte-
grated into the diets of many consumers and should be
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part of an sustainable food system [5, 6]. Therefore, if we
continue to consume UPF, it is worthwhile to explore the
possibilities to reformulate UPF and UPD in such a way
that at least their nutritional composition benefits human
health by a lower SFA or sugar content while reducing
environmental impact.

Strengths and limitations

This is the first study to explore nutritional quality, envi-
ronmental impacts and costs of foods and drinks and
their consumption, according to the NOVA classification.
A significant strength of this study is the quantification
of the environmental impact in terms of GHG emissions
and blue water use of UPFD and their consumption,
using a comprehensive set of environmental indicators.
The Dutch LCA Food database provides data on the most
frequently consumed Dutch foods and covers 75% of
the Dutch diet in weight. GHG emissions were used as a
proxy for some other indicators available in the LCA Food
database, however, we did not include other sustainabil-
ity aspects such as animal welfare or pesticide use. The
current study has several noteworthy limitations. Firstly,
we used memory-based food consumption data, which
is associated with misreporting, underreporting or over-
reporting of dietary intake [43]. Therefore, the reported
food consumption by the degree of processing might over
or underestimate the true levels. Secondly, UPFD were
determined using the NOVA classification. NOVA is the
most used system to classify foods by level of processing
and is widely recognized as a tool for research into nutri-
tion and public health. However, it should be noted that
classification systems such as NOVA conceptually differ
from processing level concepts in food science technol-
ogy [44]. The use of NOVA enables comparison with
other studies. Nevertheless, different definitions of UPFD
and insufficient standardization make food classification
with NOVA difficult [45] and can lead to confusion and
subjective recoding of national food consumption data-
bases [32]. Although we had to make assumptions as well,
food consumption data in our study was collected with
a great level of detail and systematically stored [16]. We
were, therefore, able to systematically categorize foods
according to NOVA with little inconsistencies or subjec-
tive classifications. Thirdly, when interpreting the results
and comparing them with other studies, it is important
to consider the expression of UPFD consumption. We
expressed UPFD consumption as g per kcal to account
for total energy intake. Moreover, as light beverages do
not contain energy, actual UPD consumption is likely to
be underestimated when exclusively using percentage of
energy intake. Nonetheless, sensitivity analyses using the
energy percentage of UPFD were carried out and did not
alter our conclusions. Finally, estimated diet cost might
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be underestimated because only the lowest prices were
included in the Dutch food price database. The food
price data used was collected in the past (2017) to reflect
prices from when dietary data was collected (2012-2016)
and may differ from prices today due to inflation or VAT
increasing from 6 to 9% for foods and beverages in the
Netherlands. Although absolute food costs may differ,
this method is suitable for the purpose of ranking foods
based on total dietary cost.

Conclusion

With this study we provide insight into the associated
nutritional quality, environmental impact and costs of
foods, drinks and daily diets according to the degree of
processing across the Dutch population. Compared with
unprocessed or minimally processed foods and drinks,
UPF and UPD were found to be less healthy considering
their high energy, SFA, sugar and sodium content. How-
ever, UPF were associated higher GHG emissions and
with less blue water use and food costs. Therefore daily
blue water use and food costs might increase if UPF are
replaced by those unprocessed or minimally processed.
As nutritional quality, environmental impacts and food
costs relate differently to the NOVA classification, the
classification is not directly applicable to identify win—
win-wins of nutritional quality, environmental impacts
and food costs. However, given the current high con-
sumption of UPFD, especially in children, a lower con-
sumption would reduce unhealthy intakes of energy, SFA,
sugar and sodium, as well as avoid unnecessary GHG
emissions.
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