Ultraprocessed food consumption and kidney function decline in a
population-based cohort in the Netherlands

1 Department

of Internal Medicine, Division of Nephrology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands;
of Nephrology, Nanfang Hospital, Southern Medical University; National Clinical Research Center for Kidney Disease; State Key Laboratory of
Organ Failure Research; Guangdong Provincial Institute of Nephrology; Guangdong Provincial Key Laboratory of Renal Failure Research , Guangzhou, China;
3 Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden; and 4 Department of Clinical Science, Intervention and
Technology, Karolinska Institutet, Stockholm, Sweden
2 Division

ABSTRACT
Background: Ultraprocessing makes food products more convenient, appealing, and profitable. Recent studies show that high
ultraprocessed food (UPF) intake is associated with cardiometabolic
diseases.
Objectives: The aim of this study is to investigate the association
between UPF consumption and risks of kidney function decline in
the general population.
Methods: In a prospective, general population–based Lifelines
cohort from Northern Netherlands, 78,346 participants free of
chronic kidney disease (CKD) at baseline responded to a 110item FFQ. We used a multivariable regression analysis to study
the associations of the proportion (in grams/day) of UPFs in the
total diet with a composite kidney outcome [incident CKD or
a ≥30% estimated glomerular filtration rate (eGFR) decline relative
to baseline] and annual change in eGFR.
Results: On average, 37.7% of total food intake came from UPFs.
After 3.6 ± 0.9 years of follow-up, 2470 participants (3.2%) reached
the composite kidney outcome. Participants in the highest quartile of
UPF consumption were associated with a higher risk of the composite
kidney outcome (OR, 1.27; 95% CI, 1.09–1.47; P = 0.003) compared
with those in the lowest quartile, regardless of their macro- or
micronutrient intake or diet quality. Participants in the highest
quartile had a more rapid eGFR decline (β, −0.17; 95% CI, −0.23
to −0.11; P < 0.001) compared with those in the lowest quartile.
Associations were generally consistent across different subgroups.
Conclusions: Higher UPF consumption was associated with a higher
risk of a composite kidney outcome (incident CKD or ≥30% eGFR
decline) and a more rapid eGFR decline in the general population,
independent of confounders and other dietary indices.
Am J Clin
Nutr 2022;116:263–273.
Keywords: ultraprocessed foods, chronic kidney disease, kidney
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Introduction
Chronic kidney disease (CKD) is a growing global public
health problem that affects 8% to 16% of the population
worldwide (1, 2). Lifestyle modification, including a healthy diet,
is important to reduce the incidence of CKD and the estimated
glomerular filtration rate (eGFR) decline, delay the progression
to kidney failure, and reduce the risk of cardiovascular complications (3–8). Adherence to healthy dietary patterns, often
rich in plant-based foods, has been associated with a lower risk
of developing CKD (9, 10). Conversely, the Western-style diet,
characterized by intakes of highly processed and refined foods
that contain excessive sugar, salt, and saturated and trans-fatty
acids, has been associated with a higher risk of CKD and impaired
kidney function (11–13).
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Methods
Study population
Lifelines is a multidisciplinary, prospective, population-based
cohort study examining, in a unique 3-generation design, the
health and health-related behaviors of 167,729 participants living
in the North of the Netherlands. It employs a broad range of
investigative procedures in assessing the biomedical, sociodemographic, behavioral, physical, and psychological factors that
contribute to the health and disease of the general population,
with a special focus on multimorbidity and complex genetics.
Participants were enrolled from 2006 and 2011 through invitation
by their general practitioners. From 2014 to 2019, all participants
were invited to a second assessment. The Lifelines cohort is
representative of the adult population in the Northern Netherlands
(33). Detailed information about the Lifelines cohort has been
described previously (34). All participants provided informed
consent. The Lifelines Cohort Study is conducted according to
the principles of the Declaration of Helsinki and was approved by
the medical ethical review committee of the University Medical
Center Groningen.
Among 152,728 adult participants, 100,648 returned for the
second assessment. We excluded participants with CKD [defined
as having an eGFR < 60 mL/min/1.73 m2 using the Chronic
Kidney Disease Epidemiology Collaboration equation (35)] at
baseline (n = 1916) and those with missing values of dietary
intake information (n = 2064) or serum creatinine (n = 7436).
To evaluate potential errors in dietary reporting, we calculated
the ratio between energy intake (EI) and the basal metabolic rate

[BMR, based on the Schofield equation (36)] and applied the
Goldberg cutoff (37, 38). Briefly, EI/BMR values <0.5 and >2.75
were considered implausible and represented an additional
exclusion criterion. After excluding 10,886 participants with
implausible energy intakes, 78,346 participants (45,751 females
and 32,595 males) were included in the study (Supplemental
Figure 1).
Dietary intake assessment and UPF
Dietary intake was evaluated with a self-administered, 110item FFQ (34). This FFQ was validated previously in the
Netherlands (39, 40); it included questions on the consumption
frequencies and portion sizes of food items during the last 1
month. Food items were classified according to the NOVA classification (23), as follows: unprocessed or minimally processed
foods, processed culinary ingredients, processed foods, and
UPFs. In this study, we focused solely on the UPF category. UPFs
are industrial formulations with many ingredients that result
from a series of industrial processes, which undergo multiple
physical, biological, and/or chemical processes, and generally
contain food additives (21). They often contain food substances
not commonly used in culinary preparation (e.g., hydrogenated
oils and hydrolyzed proteins) and various additives (e.g., dyes
and other colors, flavors) (21). The NOVA categorization of the
food items in this study was confirmed by 4 researchers, among
whom 2 are authors of this study (M-JD and LHD) and 2 are
senior researchers in the field of nutritional epidemiology (Petra
C Vinke and Eva Corpeleijn). The food items considered as UPFs
are shown in Supplemental Table 1. The total UPF consumption
(in grams/day) was evaluated by the sum of the food items
considered as UPFs. The weight ratio was used to estimate the
proportion (in grams/day) of UPF consumption from the total
weight of the diet. We used a weight ratio instead of an energy
ratio to determine the proportion of UPF intake because it accounts for the food that does not provide energy (e.g., artificially
sweetened beverages) and nonnutritional factors (e.g., additives,
byproducts of processing). The proportions of UPF intake were
then divided into sex-specific quartiles for further analyses.
In order to investigate whether the associations between
UPF consumption and kidney outcomes were affected by the
overall diet quality, we assessed the Mediterranean diet as
an indicator of overall diet quality that has been previously
associated with kidney function decline (41). We calculated
the Mediterranean diet score (MDS) through a 9-point score
developed by Trichopoulou et al. (42). Briefly, 9 food groups were
included in the MDS: vegetables, legumes, cereal, fruit and nuts,
and fish, which were considered to be beneficial components;
meats, poultry, and dairy products, which were considered to
be detrimental components; and alcohol intake. For beneficial
components, participants received 1 point if their intake was
above the sex-specific median in grams per day; for detrimental
components, the intake below the median was scored 1. For
alcohol, a value of 1 was given to males who consumed between
10 and 50 g/day or to females who consumed between 5 and
25 g/day. The MDSs vary between 0 and 9.
Other nutrition indices, such as nutrient intakes, were considered in this study. The total nutrient intakes (total protein intake,
total carbohydrate intake, and total fat intake) were positively
correlated with total energy intake; therefore, energy-adjusted
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There has been a global increase in the consumption of
ultraprocessed foods (UPFs) during the past decades (14–20).
UPFs are usually energy dense; high in saturated fat, sugar, salt,
and additives; and low in dietary fiber and vitamins (21). The
main purpose of industrial ultraprocessing is to make products
convenient (ready-to-eat, -drink, or -heat), hyperpalatable or
more appealing (“cosmetic additives”), highly profitable (lowcost ingredients, long shelf-life, emphatic branding), and attractive by packaging (21). Examples of typical UPFs include savory
snacks, soft drinks, sweets, ready-to-eat meals, refined starchy
food, and reconstituted meat products.
The NOVA system classifies UPFs based on the nature,
extent, and purpose of industrial food processing rather than on
the nutrient composition, and this system is being increasingly
applied in epidemiological studies to understand the impacts of
modern industrial food systems on human health (21–23). Studies
have consistently found associations between the consumption of
UPFs and the risk of cardiometabolic diseases (obesity, diabetes,
hypertension, dyslipidemia, and cardiovascular disease) (24–
29), cancer (30), and premature death (31). A recent smallscale study shows that higher UPF consumption is associated
with a higher risk of kidney function decline in communitydwelling adults >60 years in Spain (32). Whether a high UPF
consumption is associated with the risk of kidney function decline
in the general population is unknown. In this study, we use
a contemporary, large, general-population cohort to evaluate
the association of the amount of UPF in the diet with the
risk of a composite kidney outcome (incident CKD or eGFR
decline ≥ 30%) and annual change in eGFR.

UPF consumption and kidney function decline

nutrient intakes were calculated by the residual method using a
linear regression model (43). With this method, nutrient intakes
are not correlated with the total energy intake and are directly
related to the overall variation in the food composition.
Assessment of other baseline covariates

Kidney outcomes
The primary outcome was a composite kidney outcome
including a ≥ 30% eGFR decline relative to baseline or
incident CKD, defined as a de novo occurrence of an eGFR <
60 mL/min/1.73 m2 at the second study visit compared with the
baseline visit. The secondary outcome of this study was an annual
change in eGFR, calculated by subtracting the eGFR at baseline
from the eGFR at the second visit and dividing by each follow-up
time period, in years.
Statistical analysis
Baseline characteristics are presented according to sex-specific
quartiles of UPF consumption. Data are presented as the
mean ± SD, median (IQR), or percentage, as appropriate. The
P values for trend over the quartiles of UPF consumption were
calculated by linear regression analysis for continuous variables
or the Cochran-Armitage Trend Test for categorical variables.
Linear regression analyses were performed for the continuous
annual change in eGFR outcomes and logistic regression analyses
were used for the composite kidney outcome, to evaluate their
associations with UPF consumption (in categories as quartiles of
UPF consumption or as a continuous variable per 10% increment
of UPF in the diet), adjusted for the potential confounders. ORs
(95% CIs) and β (95% CIs) are reported in 4 incremental,
multivariable models: minimally adjusted for age and sex (model
1); further adjusted for baseline eGFR, diabetes, hypertension,

cardiovascular disease, physical activity, smoking, total energy
intake, and education level (model 2); further adjusted for
MDS as a measure of dietary quality (model 3); and further
adjusted for the energy-adjusted protein intake, energy-adjusted
carbohydrate intake, and energy-adjusted fat intake (model
4). Furthermore, we investigated potential effect modifications
by key baseline variables by adding multiplicative interaction
terms to the regression analyses. Subsequently, we analyzed the
associations of UPF consumption with the composite kidney
outcome and annual eGFR change separately in different strata
of the participants. We stratified the participants by age (younger
adults under 45 years and older adults over 45 years), sex (male
and female), diabetes (yes and no), hypertension (yes and no),
cardiovascular disease (yes and no), baseline eGFR (60–90 and
>90 mL/min/1.73 m2 ), MDS (scores, 0–3, 4–5, and 6–9), smoker
(yes and no), education level (low, middle, and high), and BMI
(18.5–24.9, 25–29.9, and ≥30 kg/m2 ). The effects of potential
interactions between 10% increments of UPF consumption and
these stratified variables were tested in the multiple regression
analyses separately. Sensitivity analyses were performed using
energy-adjusted UPF intakes by the residual method. A 2-tailed
P value < 0.05 was considered statistically significant, including
for multiplicative interaction terms. The statistical analyses were
conducted using R version 3.4.2 (RStudio Team (2022), RStudio:
Integrated Development Enviornment for R. RStudio, PBC,
Boston, MA URL http://www.rstudio.com/.).

Results
Baseline characteristics
Among 78,346 included participants, the mean ± SD age was
46 ± 13 years (range, 18–90 years), and 58.4% were females. The
mean ± SD proportion (in grams/day) of UPF consumption in the
diet was 37.7% ± 12.3%. Of all UPF groups, staple or starchy
food and cereals (22.6%), dairy products except cheese (14.9%),
and sugary beverages (14.5%) were the main contributors
to total UPF consumption (median percentages of all UPF
groups; Supplemental Figure 2). The baseline characteristics,
according to sex-specific quartiles of the proportion of UPF
consumption in the diet, are summarized in Table 1. Participants
in the highest quartile of UPF consumption tended to be
younger, with a higher baseline eGFR and a lower prevalence
of comorbidities, compared with those in the lowest quartile.
However, participants in the highest quartile of UPF consumption
had a lower level of attained education, were more often
smokers, were less physically active, and had a worse triglyceride
blood profile. Across increasing quartiles of UPF consumption,
the MDS score (representing overall dietary quality) and total
alcohol intake decreased, whereas total energy intake, total
protein intake, total fat intake, and total carbohydrate intake
increased.
UPF consumption and kidney outcomes
During a mean ± SD follow-up time of 3.6 ± 0.9 years,
2470 (3.2%) participants reached the composite kidney outcome,
and the median annual eGFR change was −2.23 (IQR, −3.96
to −0.80) mL/min/1.73 m2 . Results of the associations between
the composite kidney outcome and UPF consumption are
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Self-administered questionnaires were used to assess sociodemographic characteristics and health-related behaviors.
Education level was classified into 4 groups (low: never been
to school, or elementary school only, or lower vocational or
secondary school; middle: intermediate vocational school or
intermediate or higher secondary school; high, higher vocational
school or university; and unknown or no answer). Smokers
referred to current smokers. The validated Short Questionnaire to
Assess Health-Enhancing Physical Activity was used to evaluate
the time spent on nonoccupational, moderate to vigorous physical
activity (minutes/week). BMI was calculated as weight (kg)
divided by height squared (m2 ). Blood and urine laboratory
assessments have been published previously in detail (44). Serum
creatinine was measured by an enzymatic method traceable
to isotope dilution MS on a Roche Modular analyzer (Roche
Diagnostics). The eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation (35). Participants
were considered to have diabetes if they had self-reported
diabetes, a nonfasting plasma glucose value ≥ 11 mmol/L, a
measured glycated hemoglobin value ≥ 6.5%, and/or used oral
antidiabetics and/or insulin. Cardiovascular disease included selfreported coronary artery disease, heart failure, and/or stroke.
Hypertension was defined as blood pressure > 140/90 mmHg or
the use of antihypertensive medication.
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23.9 ± 4.8
0.1–27.0
0.1–32.1
4.8 ± 1.6
1825.4 ± 520.4
71.1 ± 18.8
70.2 ± 24.6
201.6 ± 63.8
5.8 (1.2–11.7)
92.0 ± 13.3
26.0 ± 3.9
5.27 ± 1.01
1.14 ± 0.75
3.9
26.7
4.0
240 (90–420)
13.9
29.8
34.4
35.2
0.6

37.7 ± 12.3
0.1–99.9
0.1–94.5
4.2 ± 1.7
2075.6 ± 606.8
75.9 ± 20.3
82.4 ± 29.3
232.7 ± 72.9
4.0 (0.9–10.4)
95.9 ± 14.3
26.0 ± 4.2
5.12 ± 1.00
1.17 ± 0.78
3.1
22.0
2.6
190 (60–365)
16.6
28.7
39.9
31.0
0.4

29.1
38.0
32.4
0.5

210 (80–375)
15.1

94.0 ± 13.5
26.0 ± 3.9
5.20 ± 1.00
1.16 ± 0.75
3.2
23.1
2.7

27.0–34.2
32.1–39.2
4.3 ± 1.6
2050.3 ± 552.9
76.5 ± 19.2
81.4 ± 26.7
227.5 ± 66.0
5.2 (1.2–10.8)

32.7 ± 3.2

48.4 ± 11.6
58.4

Q2 (n = 19,587)

<0.001
<0.001
<0.001
—
—
—

42.9–99.9
47.3–94.5
3.6 ± 1.5
2261.8 ± 663.0
77.8 ± 22.1
90.7 ± 32.2
259.6 ± 78.5
3.2 (0.7–9.7)
101.2 ± 14.7
26.0 ± 4.6
4.91 ± 0.97
1.20 ± 0.86
2.3
17.2
1.6
170 (60–345)
20.5
27.4
46.5
25.8
0.3

34.2–42.9
39.2–47.3
4.0 ± 1.6
2165.2 ± 592.2
78.4 ± 20.2
87.2 ± 28.9
242.0 ± 69.9
3.9 (0.9–10.1)
96.4 ± 14.0
26.0 ± 4.2
5.10 ± 0.99
1.17 ± 0.77
3.0
21.1
2.3
180 (60–360)
16.7
28.4
40.8
30.5
0.4

<0.001

54.1 ± 8.5

40.2 ± 3.4

<0.001
0.224
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
—

38.3 ± 11.8
58.4

44.7 ± 11.4
58.4

P for trend

Q4 (n = 19,587)

Q3 (n = 19,585)

are presented as mean ± SD, median (IQR) or percentage, as appropriate. Mediterranean diet scores vary between 0 and 9. eGFR, estimated glomerular filtration rate; Q, quartile; UPF, ultraprocessed

52.0 ± 11.5
58.4

45.8 ± 12.6
58.4

Q1 (n = 19,587)
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1 Data

Demographics
Age, years
Sex, %, female
Food intake
Proportion of UPF in the diet, % of grams/day
Range of UPF proportion in the diet, %
Female
Male
Mediterranean diet score
Total energy intake, kcal/day
Total protein intake, g/day
Total fat intake, g/day
Total carbohydrate intake, g/day
Total alcohol intake, g/day
Clinical factors
eGFR, mL/min/1.73 m2
BMI, kg/m2
Cholesterol, mmol/L
Triglycerides, mmol/L
Diabetes, %
Hypertension, %
Cardiovascular disease, %
Health-related behaviors
Physical activity, minutes/week
Smoker, %
Education, %
Low
Middle
High
Unknown/no answer

Total
(n = 78,346)

Quartiles of UPF consumption

TABLE 1 Baseline characteristics of participants according to the sex-specific quartiles of UPF consumption in the Lifelines cohort1
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Subgroup analyses
We observed significant interactions of UPF consumption with
the baseline eGFR, age, sex, and education for the composite
kidney outcome. The association between UPF consumption
and the composite kidney outcome remained significant in both
subgroups in younger compared with older individuals, was
only significant in subgroups with women, was only significant
in subgroups with eGFRs > 90 mL/min/0.73 m2 , and was
significant in subgroups with middle and high education levels.
We found no effect modifications by diabetes, hypertension,
cardiovascular disease history, MDS, smoking, or BMI
(Figure 1).
The interaction analysis indicated an effect modification for
the association between UPF consumption and the annual change
in eGFR by the baseline cardiovascular disease history (P
for interaction = 0.007; Figure 2). The association between
UPF consumption and the annual eGFR change was present in
individuals without a cardiovascular disease history, but not in
those with a cardiovascular disease history. We also observed a
significant interaction by baseline eGFR and BMI categories, but
the associations remained significant in all subgroups. We found
no effect modification by age, sex, diabetes, hypertension, MDS,
smoking, or education (P for interaction > 0.05).

Discussion
In this large, general population−based cohort, we found
that higher UPF consumption was significantly associated with
a higher risk of a composite kidney outcome (incident CKD
or a ≥30% eGFR decline relative to baseline) and with a
stronger annual eGFR decline, independent of confounders or
other nutrition indices. Results were similar when evaluating
UPF consumption as a continuous variable or as categories
(quartiles of distribution), and were generally consistent across
subgroup analyses. Because the proportion of UPF in the diet
was associated with worse kidney outcomes regardless of the
macro- or micronutrient intake or diet quality score (MDS),
our study suggests that additives and nutrient manipulations
during the manufacturing of UPF may adversely affect kidney
health.

The main and novel finding is that participants consuming
a higher proportion of UPFs in their diets were at higher
risk of worse kidney outcomes in the general population. Our
findings are in agreement with a recent, small-scale study
showing that high UPF consumption is independently associated
with an increase in the risk of kidney function decline in
Spanish older adults (32). We are not aware of other studies
evaluating this in the overall general population, but our results
expand previous research linking UPF consumption with risks of
other noncommunicable diseases, such as cardiovascular disease
(24) and diabetes (25). Our observation is aligned with other
studies suggesting that dietary patterns more aligned with the
consumption of natural and whole foods (like the Mediterranean
diet pattern) are associated with lower risks of CKD development
and progression in the general population (45, 46). Conversely,
dietary patterns aligned with the consumption of processed foods
(like the Western-style diet pattern) have been associated with
risks of incident CKD and with a more rapid eGFR decline (11–
13). In our study, the quality of the diet (evaluated by adherence to
the MDS score) was lower among those with a higher proportion
of UPFs consumed. Because associations between UPFs and
kidney outcomes persisted after adjustment for MDS values,
as well as energy-adjusted micro- or macronutrient intakes, we
speculate that additives and nutrient manipulations may exert
detrimental effects on kidney health.
We observed significant interactions of UPF consumption with
the baseline eGFR, age, sex, and education for the composite
kidney outcome. In subgroup analyses, the associations between
UPF consumption and the composite outcome were significant
among both younger and older participants and among participants with a higher baseline eGFR (Figure 1). Moreover,
no significant effect modification was found by age, sex, or
education for the annual change in the eGFR endpoint, and
the effect sizes were similar among participants with higher
compared with lower baseline eGFR values (Figure 2). The
interaction by cardiovascular disease history was only significant
for the annual change in the eGFR endpoint (Figure 2). A prior
study focusing on the relationship between UPF consumption
and kidney function declines in elderly individuals found no
consistent interaction by several cardiovascular risk factors
(hypertension, diabetes, and obesity) (32). Other studies focusing
on other dietary exposures in relation to kidney function found
similar results. In a previous study, we found significant associations between an eGFR-based dietary pattern and kidney function
decline for both men and women in the Lifelines cohort (47).
In patients with CKD, adherence to healthy dietary patterns was
associated with a lower risk for CKD progression or mortality,
without consistent interactions by age, sex, race, diabetes, BMI,
or baseline eGFR (48). Studies in other populations reported
significant associations between nutrients (sodium and potassium
intake) and kidney function declines, but no interaction was
found by age, sex, or diabetes status (49, 50). Interestingly, the
relationship between UPF consumption and the kidney composite
outcome was restricted to participants free from cardiovascular
disease at baseline in our study. Individuals with a history of
cardiovascular disease are more likely to receive medication
and lifestyle modifications for cardiovascular risk management,
which may also reduce the risk of CKD progression (51).
Interestingly, another study in the Lifelines cohort found that
the association of diet quality with all-cause mortality was
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shown in Table 2. Participants in the highest quartile of UPF
consumption had a higher risk of incident CKD or a ≥ 30% eGFR
decline (OR, 1.27; 95% CI, 1.09–1.47; P = 0.003) compared
with those in the lowest quartile in the fully adjusted analysis.
The same association was seen between the annual change in
eGFR and UPF consumption (Table 3). Participants in the highest
quartile of UPF consumption had a more rapid eGFR decline (β,
−0.17; 95% CI, −0.23 to −0.11; P < 0.001) compared with
those in the lowest quartile. Similar dose-response associations
were observed per 10% increment of UPF consumption. In fully
adjusted analyses, every 10% increase in the amount of UPF
consumed in the diet was associated with an 11% higher risk of
the composite outcome (OR, 1.11; 95% CI, 1.06–1.17; P < 0.001;
Table 2) and an eGFR decline that was 0.06 mL/min/1.73 m2
per year (β, −0.06; 95% CI, −0.08 to −0.04; P < 0.001) faster
(Table 3). In sensitivity analyses, energy-adjusted consumption of
UPF yielded a similar effect size and did not substantially change
the results (Supplemental Tables 2 and 3).
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TABLE 2 Association between composite kidney outcome and UPF consumption by logistic regression analysis1

Q1

Q2

Q3

Q4

P for trend

Per 10%
increment of UPF
consumption OR
(95% CI)

864 (4.4%)
1.00
1.00
1.00
1.00

653 (3.3%)
0.99 (0.90–1.11)
0.99 (0.88–1.11)
0.98 (0.88–1.10)
0.97 (0.86–1.08)

560 (2.9%)
1.19 (1.06–1.33)
1.12 (0.99–1.27)
1.11 (0.98–1.26)
1.07 (0.95–1.22)

393 (2.0%)
1.41 (1.23–1.60)
1.35 (1.17–1.55)
1.33 (1.15–1.53)
1.27 (1.09–1.47)

<0.001
<0.001
<0.001
<0.001
0.003

—
1.15 (1.11–1.20)
1.13 (1.08–1.19)
1.13 (1.08–1.18)
1.11 (1.06–1.17)

Sex-specific quartiles of UPF consumption, OR (95% CI)

Events, n (%)
Model 1
Model 2
Model 3
Model 4

P
—
<0.001
<0.001
<0.001
<0.001

1 Model 1 was adjusted for age and sex. Model 2 was adjusted for the variables in model 1 plus baseline eGFR, diabetes, hypertension, cardiovascular
disease, physical activity, smoking, total energy intake, and education level. Model 3 was adjusted for the variables in model 2 plus Mediterranean diet score.
Model 4 was adjusted for the variables in model 3 plus energy-adjusted protein intake, energy-adjusted carbohydrate intake, and energy-adjusted fat intake.
eGFR, estimated glomerular filtration rate; Q, quartile; UPF, ultraprocessed food.

closer exposure to food retailers, supermarkets, and restaurants,
was associated with somewhat lower consumption of UPFs and
higher diet quality in the Netherlands.
A study strength is the large sample size of a population that
is representative of the Northern Netherlands. However, some
limitations need to be noted. Our FFQ was self-administrated,
and some participants had to be excluded due to unreliable dietary
data. Our FFQ was not designed to specifically assess the intake
of UPFs, so we acknowledge that our evaluation and adaptation
to the NOVA system may have introduced bias. For example,
the FFQ in the Lifelines cohort did not distinguish between
spreadable and nonspreadable cheeses, and most cheese on the
market contains more than 5 ingredients. Therefore, we considered cheese as a UPF in this study. Nevertheless, the definition of
a UPF is still under debate, so misclassification might exist. We
only had 1 assessment of eGFR at baseline to estimate kidney
function; we could not evaluate whether this low kidney function
was persistent over time [i.e., no confirmation using another low
measurement in 3 months, per the Kidney Disease Improving
Global Outcomes recommendation (64)] or whether there was
concomitant albuminuria. There were baseline differences among
UPF quartiles in the prevalences of diabetes, hypertension, and
cardiovascular disease, which may have led to higher healthcare surveillance in individuals in the lowest quartile of UPF
intake. Even though adjusting for these potential confounders in
our multivariable models did not materially change the results
and subgroup analyses were generally consistent, we cannot
exclude residual confounding. Finally, although we explored
the potential nutritional factors driving the relationship between
UPF consumption and kidney outcomes, more nutritional factors,
such as sodium intake, need to be included in future studies,
and the underlying biological mechanisms need to be further
explored.
In conclusion, this study provides evidence that high consumption of UPFs increases the risks of incident CKD or a ≥30%
eGFR decline and is associated with a rapid annual eGFR
decline in the general population. The associations between UPF
consumption and kidney outcomes were independent of overall
diet quality and some macro- or micronutrient intakes. Current
dietary guidelines are mainly focused on nutrients or food groups.
Our findings support considering UPFs when designing future
dietary strategies for the prevention of CKD.
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modified by the presence of cardiovascular disease (52). The
cardiovascular disease history in Lifelines is based on selfreported questionnaires, which is prone to both under- and
overreporting.
There is a need for research on the kidney-related health
implications of UPF consumption. UPFs are generally energy
dense and rich in saturated fat, added sugar, and salt (21).
High intakes of these nutrients have been associated with worse
kidney outcomes in epidemiological studies (12, 13), as they can
induce dyslipidemia, oxidative stress, or inflammation, which
are believed to be risk factors for CKD progression (12). The
techniques used for the production of UPFs may result in
nutrient degradation (53) or lead to the production of neoformed
contaminants (e.g., acrylamide) (54). Previous studies have
linked the use of additives and contaminants with alterations in
the gut microbiome composition and subsequent inflammation
(55). UPFs have higher contents of phosphorus and/or potassium
additives and acidity regulators (such as citric acid, sodium
diacetate, magnesium chloride, or sodium bicarbonate) than
minimally processed or unprocessed foods (56). These additives
can worsen metabolic alterations inherent to CKD, such as
hyperphosphatemia and hyperkalemia, constituting detrimental
effects of UPF consumption on kidney health (57, 58). Increased
dietary salt intakes and acid loads are recognized risk factors for
CKD progression as well (59, 60).
Data on UPF consumption in the general population in the
Netherlands are scarce. Pinho et al. (61) found an average
UPF consumption of 17.8% of the total food intake in adults
aged > 70 years in the Netherlands. Slimani et al. (15) reported
a mean contribution of highly processed foods and beverages
of 60% in the Netherlands. In the present study, the average
consumption of UPFs was 37.7%, ranging from 23.9% to 54.1%
across the quartiles. Our study was based on a large, populationbased cohort that is representative of the adult population in the
Northern Netherlands (33). Thus, the UPF consumption observed
in this study is likely to adequately reflect the habitual diets of the
Dutch population in the Northern Netherlands. UPF consumption
also varies widely around the world, ranging from 17% to
56% of the total energy intake (62). The popularity and high
intakes of UPF can be attributed to their convenience and heavy
marketing, and are also associated with widespread availability
in the current food environment (63). Pinho et al. (61) found that
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FIGURE 1 Subgroup analyses of the associations between UPF consumption and composite kidney outcomes. ORs are for participants who reached
incident CKD or an eGFR decline ≥ 30%, per 10% increment of UPF consumption. The multivariable logistic regression model adjusted for age, sex,
baseline eGFR, diabetes, hypertension, cardiovascular disease, physical activity, smoking, total energy intake, education level, energy-adjusted protein intake,
energy-adjusted carbohydrate intake, energy-adjusted fat intake, and MDS. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; MDS,
Mediterranean diet score; UPF, ultraprocessed food.
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FIGURE 2 Subgroup analyses of the association between UPF consumption and annual change in eGFR. Regression coefficient (β) represents the annual
change in eGFR per 10% increment of UPF consumption. Linear regression model adjusted for age, sex, baseline eGFR, diabetes, hypertension, cardiovascular
disease, physical activity, smoking, total energy intake, education level, energy-adjusted protein intake, energy-adjusted carbohydrate intake, energy-adjusted
fat intake, and MDS. eGFR, estimated glomerular filtration rate; MDS, Mediterranean diet score; UPF, ultraprocessed food.
Renal Nutrition Working Group, an initiative of and supported by the
European Renal Association–European Dialysis Transplant Association.
Further information on this Working Group and its activities can be found
at https://www.era-edtaworkinggroups.org/en-US/group/european-renalnutr
ition. All other authors report no conflicts of interest.

Data availability
Data described in the manuscript, code book, and analytic code
will not be made available because data are obtained from a third
party and are not publicly available. Researchers can apply to use

1 Model 1 was adjusted for age and sex. Model 2 was adjusted for the variables in model 1 plus baseline eGFR, diabetes, hypertension, cardiovascular disease, physical activity, smoking, total energy intake,
and education level. Model 3 was adjusted for the variables in model 2 plus Mediterranean diet score. Model 4 was adjusted for the variables in model 3 plus energy-adjusted protein intake, energy-adjusted
carbohydrate intake, and energy-adjusted fat intake. eGFR, estimated glomerular filtration rate; Q, quartile; UPF, ultraprocessed food.
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