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ABSTRACT

High energy intake combined with low physical activity generates positive energy balance, which, when maintained,
favours obesity, a highly prevalent morbidity linked to development of non-communicable chronic diseases, including
chronic kidney disease (CKD). Among many factors contributing to disproportionately high energy intakes, and thereby
to the obesity epidemic, the type and degree of food processing play an important role. Ultraprocessed foods (UPFs) are
industrialized and quite often high-energy-dense products with added sugar, salt, unhealthy fats and food additives
formulated to be palatable or hyperpalatable. UPFs can trigger an addictive eating behaviour and is typically
characterized by an increase in energy intake. Furthermore, high consumption of UPFs, a hallmark of a Western diet,
results in diets with poor quality. A high UPF intake is associated with higher risk for CKD. In addition, UPF consumption
by patients with CKD is likely to predispose and/or to exacerbate uraemic metabolic derangements, such as insulin
resistance, metabolic acidosis, hypertension, dysbiosis, hyperkalaemia and hyperphosphatemia. Global sales of UPFs per
capita increased in all continents in recent decades. This is an important factor responsible for the nutrition transition,
with home-made meals being replaced by ready-to-eat products. In this review we discuss the potential risk of UPFs in
activating hedonic eating and their main implications for health, especially for kidney health and metabolic
complications of CKD. We also present various aspects of consequences of UPFs on planetary health and discuss future
directions for research to bring awareness of the harms of UPFs within the CKD scenario.

LAY SUMMARY

When the diet we eat has more calories than the energy spent by the body, obesity may develop. Obesity increases
the risk of developing chronic kidney disease (CKD). Ultraprocessed foods (UPFs) are among the products that can
increase energy intake. UPFs include industrialized foods such as carbonated soft drinks, candies, ice cream,
mass-produced packaged breads and buns, margarines and other ready-to-eat foods. In some UPFs, sugar is replaced
for non-caloric artificial sweeteners, which may not add as many calories, but are still unhealthy. For individuals with
CKD, a diet with large amounts of UPFs can trigger or worsen blood pressure and increase blood concentrations of
glucose, potassium and phosphate. Therefore we recommend that patients with CKD avoid or reduce the use of UPFs
in their diet and prefer home-made meals.
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INTRODUCTION

In the long past, our foraging ancestors had to rely on hunting
and gathering to find food and fulfil the body’s needs for energy
and nutrients. This triggered metabolic adaptations to save en-
ergy in the form of adipose tissue for the sometimes long pe-
riods without food [1]. As the food supply became more pre-
dictable and more easily available, energy intake increased, and
this metabolic adaptation became less needed; however, the ac-
quired ability of the body to save a surplus of calories from the
diet in the form of adipose tissue remains [1]. Concomitantly,
the physical activity level has decreased substantially, with the
lifestyle of modern civilization creating a condition of positive
energy balance that favours the accumulation of fat and the
development of obesity [1]. Obesity is highly present, and its
prevalence has increased substantially in the past 40 years. In
2010, obesity [body mass index (BMI) >30 kg/m2] was present in
11.4% of adults worldwide while the estimated prevalence for
2025 is 16.1%, with an expected increase to 17.5% by 2030 [2].
This increase in obesity prevalence has an important impact on
the incidence of non-communicable diseases (NCDs), including
chronic kidney disease (CKD).

Obesity has been linked to the development of CKD in epi-
demiological studies as well as in experimental and observa-
tional studies and in clinical trials. Systematic reviews show that
obesity is associated with an increased risk of proteinuria, CKD
and end-stage kidney disease (ESKD) in personswith comorbidi-
ties predisposing to CKD and also in healthy individuals without
these comorbidities [3, 4]. In contrast,weight loss is normally ac-
companied by a decrease in proteinuria, which may indicate a
protective effect on glomerular hyperfiltration [5, 6]. Altogether,
it is plausible to assume that maintaining a positive energy bal-
ance from high caloric intake combined with low physical ac-
tivity is an important factor leading to obesity and to increasing
risk of developing CKD.

Among components leading to a positive energy balance, a
higher energy intake is a common finding [1]. As food became
more available with techniques that preserve foods, such as
cooking, salting, pickling, smoking and fermenting [7], energy in-
take increased substantially≈2000 years ago. Industrial process-
ing started with canning and pasteurization in the 1800s and
with a rapid development in the 1900s of ready-to-eat packaged
meals aiming to serve soldiers in wars [7]. There is no doubt that
food processing has had a positive role in decreasing hunger by
delivering ready-to-eat food that can be stored for long periods
of time, but it has evolved to a degree where its benefits to our
overall health can be argued [8].

So-called ultraprocessed foods (UPFs), a concept initially de-
veloped by the Brazilian nutrition researcher Carlos Monteiro at
the University of São Paulo, Brazil, are defined as products con-
taining ingredients exclusive to industrial processing using so-
phisticated equipment and technology for production (Table 1).
To produce UPFs, the food is subjected to chemicalmodifications
with industrial techniques and the inclusion of additives that
can modify the texture, consistency, colour and taste, resulting
in products that are palatable or hyperpalatable, normally with
high energy density. In addition, UPFs can have added sugar,
oils, fructose, corn syrup, fats, salt, protein isolates and even
non-caloric artificial sweeteners to replace sugar. Another char-
acteristic of UPFs is sophisticated packaging and being relatively

safe from amicrobiological perspective. Altogether, UPFs trigger
an addictive eating behaviour that is a reason of concern for
overall health [9]. UPFs have become more affordable in recent
decades and, as a result, sales have increased tremendously over
time [10–12]. In Sweden, a 142% increase in the consumption
of UPFs was observed between 1960 and 2010, with the greatest
increase observed after 1995 [13]. Similarly, global sales of UPFs
(kg) per capita increased in all continents from 2006 to 2019,with
the highest sales of UPFs observed in Australia and North Amer-
ica and the lowest in South and Southeast Asia [12]. Of note,
the increase in UPFs was followed by a decrease in minimally
processed foods [12, 13]. This change points to the consumption
of UPFs as a pivotal factor in the nutrition transition, with a
shift from traditional local diets to a Western dietary pattern
containing energy-dense food with increased sodium, saturated
fat, sugar, animal-sourced foods, refined carbohydrates and
non-caloric artificial sweeteners that may not add calories, but
are still unhealthy, and relying on heavy industrial machinery
and processing [12]. Therefore, it is not surprising that the con-
sumption of UPFs is directly associated with an increase in the
prevalence of obesity and of other NCDs such as cardiovascular
disease (CVD), type 2 diabetes mellitus (T2DM), hypertension,
cancer, dementia, depression, CKD and non-alcoholic liver
disease [14–22]. Furthermore, hypothetically, the consumption
of UPFs by CKD patients can also be harmful by predisposing
and/or exacerbating metabolic derangements present in CKD.

In this review, we call attention to the potential harms of
a high intake of UPFs for the development of CKD and its
sequalae and the potential risks of UPFs further worsening
metabolic complications in CKD, such as insulin resistance, hy-
perkalaemia, hyperphosphatemia, metabolic acidosis, dyslipi-
daemia and dysbiosis. Despite the increasing consumption of
UPFs and increased evidence of their potential harmful effects
on health, their role in CKD has not yet been included in guide-
lines dedicated to the treatment of CKD. This review aims to
bring awareness of the harms of UPF consumption and the need
to consider UPFs in the agenda of future studies and guidelines
for CKD.

ENERGY HOMEOSTASIS CONTROL: INFLUENCE
OF UPFS IN ACTIVATING HEDONIC EATING

In a simplistic way, the energy balance of an individual is based
on the assumption that the energy intake must be similar to en-
ergy expenditure [1]. This theory is well accepted, but different
factors interfere in this balance, including the neuro-endocrine
regulation system. One important finding is that increased adi-
posity caused by failure to maintain stable body weight due to
high energy intake with concomitant low energy expenditure
could be the result of individuals overcoming the natural set
points of neuro-endocrine regulation, shifting the energy equi-
librium andmaking body weight maintenance more difficult [1].
In this regard, high fat and high sugar foods that are charac-
teristic of UPFs, activate mesolimbic reward, gustatory and oral
somatosensory brain regions, contributing to overeating [23].
Based on pooled data from five published studies that measured
energy intake rates across a sample of 327 foods, Forde et al. [24]
found that going from unprocessed (36 ± 4 kcal/min) and pro-
cessed (54 ± 4 kcal/min) foods to UPFs (69 ± 3 kcal/min), the
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average energy intake rate increases significantly [24]. In addi-
tion, an investigation that analysed 98 ready-to-eat foods found
that the higher the degree of industrial food processing, the
higher the glycaemic response and the lower its satiety poten-
tial [25]. These findings are aligned with the discovery that in
addition to the ‘metabolic brain’, in which regulation of energy
intake is carried out by homeostatic mechanisms (glucostatic,
lipostatic and others), humans developed a ‘hedonic brain’, re-
sponsible for the motivational control of food intake, with a
complex reward system involving expression of opioid recep-
tors, cannabinoid receptors type 1 and several neurotransmit-
ters such as dopamine and serotonin, further influencing ap-
petite and energy intake according to the palatability of foods
and the pleasure sensation [1]. Therefore UPFs are a potential
contributor to obesity by inducing hedonic eating through over-
riding the homeostatic control of food intake [26].

AN OVERVIEW OF UPFs AND THEIR MAIN
IMPLICATIONS FOR HEALTH

The term UPF was created for the new classification of foods
called NOVA that is based on the nature, extent and purposes
of the industrial processes that foods undergo [27]. These indus-
trial processes involve sophisticated techniques such as extru-
sion,moulding and pre-frying, with inclusion of artificial sweet-
eners and additives to add colour, enhance flavour, change food
consistency and increase shelf life [27]. All those procedures are
possible only with high-tech industrial machinery [27]. UPFs are
packed with synthetic materials and the final product is palat-
able or highly palatable and can create an addictive eating pat-
tern [9]. Therefore the food processing itselfmay not be the prob-
lem, since most food consumed today has had some degree of
processing that shifts the food so that it no longer resembles
the form of the original food [27]. The NOVA food classification
system [27] is summarized in Table 1. Other food classification
systems are discussed in detail elsewhere [27]. For the current
review, the NOVA classification systemwill be described inmore
detail since it has been themost used in epidemiological studies.

The main harm that UPFs represent to health is that due
to its poor nutritional value, the increase in the proportion of
UPFs in the diet is associated with a decrease in dietary qual-
ity indexes and to lower adherence to a healthy dietary pat-
tern, such as the Mediterranean diet [16]. This means that the
higher the proportion of UPFs, the worse the dietary quality [17,
28, 29], even among pesco-vegetarians, vegetarians and vegans
that replace regular milk and meat for plant-based drinks and
textured soy protein foods, respectively [30]. The assessment of
UPF intake in the diet varies depending on how it is expressed,
e.g. as a percentage of total energy intake (TEI), as grams/day or
grams/kg/day or as a percentage of total food weight in the diet.
Other variables contributing to variations of UPFs in the diet in-
clude the geographical region, age group, social and educational
inequalities and, to a lower extent, gender [28]. In a systematic
review of studies from 21 countries estimating the UPF intake
as a proportion of the TEI using the NOVA classification, it was
found that the highest percentage of UPF intake was from the
USA and UK (≈50%) and the lowest was from Italy and Portugal
(≈10%) [28]. A similar finding was observed in studies from Eu-
ropean countries, where the UK and Germany had the highest
average household availability of UPFs, while Portugal and Italy
had the lowest [31]. Regarding age group, the percentage of UPF
intake from the TEI is higher in children and teenagers, since
UPFs are served in school cafeterias [28]. A higher UPF intake
was observed in young adults as compared with older adults,

a result that is believed to reflect lifestyle patterns, such as the
habit of eating out, which is associated with higher UPF intake
[28]. Other factors shown to influence UPF consumption are so-
cial and economic inequality, lower education level and unem-
ployment, which may lead to a preference for more affordable
and less nutritious foods, such as UPFs [28].

The most consumed UPFs are in general baked goods, dairy
products, reconstituted meat products, sugary products and
sugar-sweetened beverages [14, 17, 28, 31]. As plant-based UPFs
and substitutes for meat and dairy products may be used by
vegans and vegetarians, UPFs could be a concern also among
those categories [32]. In fact, it was shown in a French cohort that
avoidance of animal-based foodwas associatedwith an increase
in UPF consumption among pesco-vegetarians, vegetarians and
vegans, with plant-based drinks, soy products, salty snacks and
biscuits being examples of commonly consumed UPFs [30]. In
addition, among the Adventist population, with many vegetari-
ans, those in the 90th percentile of UPF consumption (47.7% of
energy intake from UPFs) had a higher mortality risk than those
in the lower 10th percentile (12.1% of energy intake from UPFs),
while the same comparison between high and low animal-based
food intake (6.2% versus 0% of dietary energy with meats, di-
ary and eggs from the 90th and 10th percentiles, respectively)
was not associated with a higher mortality risk [33]. These
recent findings indicate that plant-based UPFs also require
attention.

Altogether, it is not surprising that in the past 10 years
a plethora of studies have showed a consistent finding—the
higher the consumption of UPFs, the higher the chances of de-
veloping NCDs [14–19, 22]. Of note, a Brazilian ecological study
showed that people from areas offering more UPFs were at
higher risk of death from cardiovascular diseases as compared
with people from areas with fewer available UPFs [34]. The most
important factors leading to these associations are summarized
in Fig. 1. First, UPFs are considered less satiating foods than
minimally processed foods due to alteration of the food matrix
through fractioning and recombination of ingredients [35]. This
property of UPFs promotes hedonic eating and overrides home-
ostatic control of food intake, increases TEI and consequently
leads to obesity [26]. There is evidence showing that UPFs lead
to higher caloric intake and to obesity in an animal experimen-
tal study [36] and in a randomized clinical trial [37]. In rats fed a
cafeteria diet (comprised mostly by UPFs), an obesity phenotype
accompanied by impaired serum fatty acids was found,with sig-
nificantly higher proportions of total saturated fatty acids [36].
Furthermore, the cafeteria diet induced gut dysbiosis with in-
creased levels of bacteroidetes [36].

In a randomized clinical trial, Hall et al. [37] demonstrated
that when healthy individuals with normal body weight were
exposed to a UPF-based diet for 2 weeks, there was a significant
increase in ad libitum energy intake with a consequent increase
in body weight and body fat as compared with when the same
individuals were exposed during the same period to a diet of un-
processed food [37]. In another study with a cohort comprised
of older individuals from Spain, it was shown that those with
higher UPF consumption (>3 servings/day) had almost twice the
odds of having short telomeres than the others with lower UPF
consumption [38]. Since telomere shortening is associated with
inflammation and oxidative stress and with higher biological
age, this finding adds to the list of potential harms of UPFs to hu-
manhealth.Also of importance, the presence of non-caloric arti-
ficial sweeteners in UPFs, such as saccharin and aspartame, has
been implicated in the development of glucose intolerance, cen-
tral obesity and poor glucose control through changes of com-
position and function of the gut microbiota [39].
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Figure 1: Plausible links between higher consumption of UPFs and higher risk of developing NCDs.
Higher UPF consumption is associated with lower dietary quality (first square). A high consumption of UPFs results in overeating a diet with high density food, with

added sugar, salt, unhealthy fats, non-caloric artificial sweeteners, food additives and contaminants andmolecular alterations of food components due food processing
such as heating. UPFs lead to an increase in factors that are detrimental for health (second square). The conditions and factors listed in the first and second squares
lead to an increased risk for obesity and NCDs, such as hypertension, cardiovascular disease (CVD), non-alcoholic fat liver disease (NAFLD) and CKD (third square).
CKD: chronic kidney disease; NCD: non-communicable diseases; UPF: ultraprocessed food.

Beyond the nutritional features, the industrial processing
of UPFs includes browning, caramelization and other changes
caused by a chemical reaction between amino acids and reduc-
ing sugars at high temperatures, called the Maillard reaction.
This reaction, which is a key feature of cooking and also one of
the formulas to enhance flavouring, leads to the generation of
high levels of neo-formed contaminants (e.g. acrylamide, furans,
heterocyclic amines and others) [40, 41] that are considered po-
tentially carcinogenic, explaining the association between UPF
consumption and the increased risk of cancer [42]. Other prod-
ucts with carcinogenic properties used in UPFs include addi-
tives, such as sodium nitrite (used in processed meat), titanium
dioxide (food pigment banned in Europe) and bisphenol (used
in packing) [43]. Moreover, these contaminants and many other
food additives have been shown to negatively affect components
of the intestinal microbiota that may lead to a disruption of the
intestinal barrier with increased abdominal bacterial exposure
and systemic inflammation [44, 45].

CONSUMPTION OF UPF AND KIDNEY HEALTH

Recently published observational studies from cohorts of differ-
ent geographic regions (Table 2) consistently show a significant

association between increased UPF intake and the risk of devel-
oping CKD or amore rapid kidney function decline, independent
of how UPF consumption was evaluated [22, 46–51]. In general,
the higher risk for CKD was found with UPF intakes >30% TEI
(Table 2). Considering the consistency of these findings, one
can hypothesize that limiting UPF intake can prevent CKD
development. Among the potential explanations behind these
associations are the effect of a high sodium diet in altering the
renal and vascular systems and by increasing oxidative stress
regardless of changes in blood pressure [52, 53]. Moreover, in
animals with normal kidney function fed a high sodium diet,
there were increases in markers of oxidative stress in skeletal
muscle arterioles and vessels, blood pressure, protein excretion
and renal fibrosis and worsened kidney function [54]. Other
mechanisms could be that UPFs contain increased amounts of
advanced glycation end products (AGEs) [55]. AGEs and their
respective precursors are produced in food manufacturing
during high-temperature and dry cooking methods (frying,
baking, broiling) [55]. The kidneys are the major site for clear-
ance of AGEs and, when in excess, AGEs can promote damage
in kidney structures [55]. In rodents, exposure to diets with
AGEs led to injury in the glomerulus with albuminuria [56].
This condition can be worsened in animals with T2DM [45]. In
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Figure 2: Intersection of a diet based on UPFs in driving complications related to CKD.
UPFs are characterized by poor dietary quality. This type of diet can further exacerbate comorbidities and contribute to the development of metabolic complications
already present in CKD. UPF: ultraprocessed food.

humans, consumption of diets with excessive amounts of AGEs
was associated with serum biomarkers of inflammation, oxida-
tive stress, hyperglycaemia, hyperlipidaemia and endothelial
dysfunction [57]. In addition, in a randomized crossover trial,
10 healthy subjects were assigned to a 1-day high protein diet
with low AGEs content (10 cooked large chicken eggs) and to a
1-day diet with high AGEs content (industrialized fried chicken
nuggets). The study showed that renal perfusion and oxygen
consumption increased significantly after the high AGEs diet.
Despite the short-term diet, this trial demonstrated that the
AGEs content of UPFs can modify kidney haemodynamics
[58]. Therefore, several pathophysiological explanations may
justify the higher predisposition of developing CKD or the faster
decline in kidney function in subjects with higher UPF intake.

When it comes to the intake of UPFs in patientswith CKD, the
data are still scarce. In older adults (>60 years) on haemodialy-
sis (HD), the intake of UPFs (expressed as a percentage of TEI)
was significantly higher than in non-CKD older adults [59]. Of
note, when further investigating the HD group, the UPF intake
(percentage of TEI) of the dialysis day was significantly higher
than that of the weekend day and non-dialysis day. The long
hours away from home that makes it more difficult to eat home-
made meals may account for this. The dietary quality index
of the older adults on HD was also worse than that of older
non-CKD individuals [59]. In another study investigating kid-
ney recipients with stable graft function, it was observed that
the mean UPF consumption was equivalent to 28% of the to-
tal food weight/day and adherence to the Mediterranean diet
and Dietary Approaches to Stop Hypertension (DASH) diet was
lower in patients with higher UPF consumption. Furthermore,
UPF consumption was associated with a 2-fold increased mor-
tality risk [47]. One point that requires future investigation is the
use of plant-based products to replace animal protein in UPFs
and other foods. It may be that patients with CKD following low-
protein diets erroneously believe that plant-based dairy prod-
ucts and textured soy protein foods can be freely used because
of lower protein content.

The benefits of reducing the UPF intake to levels similar to
that observed in countries with low UPF consumers was shown

in a study where the estimated dietary inadequacy for energy
density, free sugars and saturated fat and fibre would decrease
from 9.5% to 76.8% depending on the nutrient and country in
question [60]. This extrapolation is an example of the potential
benefits that lowering UPF intake can exert to prevent NCDs, in-
cluding CKD. In summary, the high consumption of UPFs in the
general population seems to be a determining factor leading to a
higher risk of CKD. In individuals with CKD, the consumption of
UPFs follows the high intake levels observed in the general pop-
ulation. The effects of UPFs in CKD require attention due to their
potential in worsening of uraemic metabolic complications.

UPFs AS DRIVERS OF METABOLIC
COMPLICATIONS IN CKD

Recent evidence suggests that UPF consumption can contribute
to metabolic acidosis, dysbiosis, hyperphosphatemia and hy-
perkalaemia (Fig. 2). Metabolic acidosis is a common complica-
tion of CKD [61] that can lead to bone demineralization, muscle
mass loss and CKDprogression [62].Due to the preponderance of
animal-sourced food components, including many of the UPFs,
the modern Western-type diet is considered H+-producing as
compared with base-producing plant-sourced diets [63]. In ad-
dition, proteins from animal sources contains sulphur amino
acids, such as methionine and cysteine, that when metabolized
yield sulphuric acid. The content of these amino acids is 2–5-fold
higher in meat and eggs than in grains and legumes. In contrast,
most fruits and vegetables have fewer sulphur-containing amino
acids and they contain organic salts (e.g. potassium citrate and
malate) that, when metabolized, release bicarbonate and thus
provide alkali to the body [63]. Therefore a preponderance of
UPFs in the diet mainly from processed meat may increase acid
retention in CKD. Furthermore, the additives present in UPFs,
such as salt (sodium chloride), can independently increase acid
load and lower bicarbonate, accounting for 50–100% of the di-
etary acid load [64]. Carbonated drinks containing carbonic acid
and those containing phosphoric acid, such as cola-based so-
das, have some of the highest levels of acidity among soft drinks.
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Other widely used phosphate-based additives in UPFs, such as
calcium acid pyrophosphate used in processed meat and potato
products, are also a source of acids [65].

Another problem with high UPF intake is that it associates
with low intake of foods with a high fibre content (fruits, veg-
etables, grains and whole cereals). The high intake of protein
and fat is harmful for the gut, leading to detrimental protein and
choline fermentation instead of beneficial fermentation coming
from fibre carbohydrates [66]. In addition, this type of diet aug-
ments the colonic transit time,which also has a negative impact
on colonic microbiome composition. Under this condition, there
is growth of proteolytic species (proteolytic bacteria), resulting
in increased generation and uptake of end products of bacte-
rial protein fermentation (ammonia, amines, thiols, phenols and
indoles) and to gut dysbiosis [67–69]. However, a recent study in
mice has raised the possibility that some of the uraemic tox-
ins generated by bacterial fermentation of amino acids, includ-
ing hydrogen sulphide, seem to have a physiological and poten-
tially beneficial effect on the progression of CKD [70]. Moreover,
since the uraemic milieu can lead to gut dysbiosis by increasing
the influx of circulating urea and other toxins to the gut lumen,
the combination with poor fibre intake can increase gut produc-
tion of uraemic toxins, such as p-cresyl sulphate, indoxyl sul-
phate and trimethylamine-N-oxide [68, 69, 71]. In HD patients,
increased adherence to an unhealthy plant-based diet contain-
ing UPFs such as processed fruit juices, sugar-sweetened bev-
erages, refined grains, chips and crisps and sweets and deserts
was associated with an increase in free and total indoxyl sul-
phate. Moreover, an increase in the intake of these UPFs was
linked to higher circulating concentrations of indoxyl sulphate
and p-cresyl sulphate [72], suggesting an indirect effect of UPFs
in worsening gut microbiotic uraemic toxin production.

Phosphate-based and potassium-based additives present in
UPFs may worsen hyperphosphatemia and hyperkalaemia [73,
74]. Compared with similar food items without additives, phos-
phorus and potassium content is ≈70–100% higher in food
that contain additives [75–77]. In addition, the intestinal ab-
sorption of inorganic phosphorus and potassium additives is
close to 100%, compared with plant- (20–50%) and animal-based
sources (40–60%) [78]. So far, studies evaluating the association
between higher intake of UPFs and hyperphosphatemia and hy-
perkalaemia are lacking in CKD. Limiting the consumption of
UPFs may be especially important in the large group of patients
with both T2DM and CKD, as part of a holistic approach for im-
proving management and outcomes in these patients [79, 80].

SEEKING PLANETARY HEALTH: ANOTHER
REASON TO AVOID UPF

Adding to the harms of high UPF intake for overall and kidney
health, UPFs tend to be harmful for the environment [81]. The
food system, including all processes in the food chain, produc-
tion, processing, packing, distributing, consumption and recy-
cling, contributes to≈30%of total greenhouse gas emissions [82],
themajor risk factor for global warming and climate change [82].
The EAT-Lancet commission launched a healthy mainly plant-
based diet that is safe for the environment and for overall health
[83]. This type of diet relies on fresh, preferably locally produced
products (such as fruits, vegetables, whole grains and nuts); veg-
etable protein (from beans), with lower amounts of red meat,
eggs and dairy products [84]; and no use of UPFs. In addition,
the production of UPFs depends on a system that requires large
amounts of energy, land and water, with land degradation, bio-

diversity loss and plastics and metals pollution [84]. In other
words, the food chain of UPFs is highly unsustainable and leads
to a ‘lose–lose’ situation, meaning bad for the environment and
bad for human health [84]. A recent study by da Silva et al.
[85] showed that the environmental effects of the Brazilian diet
have increased over the past 3 decades along with increased ef-
fects from UPFs, indicating that dietary patterns in Brazil are be-
coming potentially more harmful to both human and planetary
health. Thus the negative effects of UPFs on planetary health
are another strong argument to diminish the consumption of
UPFs and the kidney care community needs to educate health-
care professionals, patients and the population at large about
the perils of UPFs [81]. As recently discussed by Lawrence [86],
theUPF concept challenges several traditional nutrition research
and policy undertakings as well as the political economy of the
industrial food system.

CONCLUSIONS AND FUTURE DIRECTIONS

Excessive energy intake is a main factor driving the worldwide
epidemic of obesity, which in turn is linked to the increase of
NCDs, including CKD. A better understanding of the underlying
driving factors is needed to halt this unfortunate development.
Perhaps among the factors contributing to high energy intake,
the most important one is UPFs, which are energy dense foods
with low nutritional value. The increasing consumption of di-
ets with a high UPF content (often >30% of TEI), a hallmark of
the modern Western diet, reflects global trends—supported by
industrial food production, processing and marketing—towards
hedonic dietary patterns replacingmore healthy home-made di-
ets often based on locally produced food and benefiting from the
use of traditional methods such as fermentation. This change is
leading to diets with poor quality and increased amounts of food
additives that may be harmful for human and planetary health.
Table 3 summarizes attractive and harmful factors of UPFs in
the diet. For a high-risk patient group like those with CKD, high
consumption of UPFs has the potential to further worsen the
metabolic risk factor profile and progression.We suggest the in-
clusion of statements regarding UPFs in dietary CKD guidelines
to guide healthcare professionals and patients [87]. The Brazil-
ian nutrition guidelines [88] and the 2021 dietary guidance to
improve cardiovascular health [89] are examples of how to em-
phasize the importance of advocating healthy dietary patterns
rather than recommendations based on advantages or restric-
tions of individual nutrients. Finally, there is a need for increased
public awareness regarding the potential perils of UPFs, and all
data regarding the human and planetary health concerns re-
lated to increased use of UPFs need to reach policymakers. We
suggest a traffic light food labelling system (green–yellow–red)
to be used in grocery stores so that the public, and especially
risk groups with NCDs, can make healthier food consumption
decisions, with the hope that this also may have an impact on
the food industry and pave the way for more sustainable and
healthier food production.
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Table 3: Main potential attractive and harmful factors concerning the consumption of UPFs.

Attractive factors Harmful factors
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Palatable or highly palatable
Ease of use: ready to eat or easily prepared foods
Attractive marketing and packaging

Low in nutritional quality
High energy density
High in added sugar, salt, fat, artificial sweeteners and additives
Can trigger addictive eating pattern
Lead to overeating
Increased risk of obesity and development of NCDs
Globalized diet that is replacing the culturally based home-made meals
UPF production relies on food systems that are not sustainable for the planet
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