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General discussion and conclusions

Chronic kidney disease (CKD) is a growing public health problem worldwide and a 

leading cause of life-years lost.1,2 CKD is often progressive, ultimately resulting in 

kidney failure, and accompanied by high rates of cardiovascular morbidity and 

premature mortality.3 Consequently, CKD imposes a large burden on health and 

social care systems, especially considering the high cost of kidney replacement 

therapy (dialysis or transplantation).3-5 In 2017, approximately 955 million euros 

were spent on 36 000 prevalent CKD patients in the Netherlands, of whom 16 000 

received kidney replacement therapy.6 Although several pharmacological treatments, 

such as renin-angiotensin system inhibitors and sodium-glucose cotransporter 2 

(SGLT2) inhibitors, slow the decline in kidney function in patients with CKD7-10, better 

upstream preventive strategies to avoid or delay the onset of CKD are urgently 

needed to reduce the burden of this public health problem at the population level. 

Diabetes and hypertension are leading causes of CKD around the world, and are 

predominantly fueled by an unhealthy lifestyle.11-13 Therefore, effective strategies for 

lifestyle modification, including a healthy diet, are the main priority to prevent CKD 

and estimated glomerular filtration rate (eGFR) decline.14-16 

Defining and promoting a healthy diet is a public health priority for the 

prevention of chronic diseases.17 In the early days of nutrition science, emphasis on 

single nutrients and correction of nutrient deficiency disorders has allowed great 

progress. Such an approach is helpful to understand the etiology and pathogenesis 

of diseases. Yet, this approach turned out less relevant for the prevention of the 

above-mentioned chronic disorders, and single-nutrient interventions are generally 

ineffective.18-20 Consequently, emphasis on nutritional epidemiology has shifted 

from individual nutrients or foods to food-based diet scores and dietary patterns, 

covering the overall diet rather than individual components.18 In the nephrology 

field, nutritional epidemiologic studies have traditionally focused on nutrients and 

foods in patients with established, and particularly advanced CKD, or in kidney 

transplant recipients (KTRs).21-28 In addition, currently, there is increasing emphasis 

on the possible role of diet for preventive purposes. The aforementioned shift in 

emphasis in nutrition epidemiology allows for new approaches to assess the role 

of the diet as a modifiable determinant in kidney health risk and to guide public 

health strategies for the prevention of CKD and kidney function decline, taking 

into account the complexity of overall diet and dietary intake in real life. 
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Therefore, in this thesis, we applied novel approaches to better assess 

the association between diet and kidney health risks. More specifically, firstly, 

we investigated whether the regional differences in dietary habits are involved 

in the spatial distribution of kidney function at the neighborhood level in the 

Northern Netherlands. Secondly, we assessed associations of a food-based 

healthy diet score, kidney-specific dietary patterns, and ultra-processed food 

intake, respectively, with kidney outcomes in the general population and KTRs. 

This discussion will be continued with a more detailed address of each chapter 

separately which will finally be summarized in a conclusion. 

Chapter 2: Spatial difference in kidney function and neighborhood-
level dietary intake

Geographic variation in prevalent CKD has been observed at the global, regional, 

and national level.29 Emerging evidence shows that health status tends to cluster 

among individuals at the neighborhood level, which is partly due to shared 

exposure to a common environment.30-32 Of interest, also significant small-

scale spatial clustering of dietary habits, such as a so-called “snack-pattern”, has 

been reported in the Northern Netherlands.33 As dietary habits differ between 

neighborhoods, such differences may also be involved in small-scale geographic 

differences in CKD prevalence. Better identification of the distribution of CKD at 

the neighborhood level, therefore, is important to help identify determinants of 

the geographic variation in CKD and to guide more effective CKD intervention 

and policies. In Chapter 2, we first performed spatial analysis on crude and 

adjusted eGFR (adjusted for known kidney function-related clinical risk factors) to 

identify regional clusters of lower (cold spots) and higher (hot spots) eGFR at the 

neighborhood level in the Northern Netherlands using the Lifelines cohort. Then, 

we identified determinants for the identified cold and hot spots by multivariate 

logistic regression, investigating the possible contribution of neighborhood-

level factors, i.e., health-related behaviors (physical activity, diet, and smoking), 

socioeconomic status (education level and income), and environmental factors (air 

pollution and urbanity).

We found significant spatial differences in kidney function (both crude and 

adjusted eGFR) at the neighborhood level in the Northern Netherlands (Figure 
1). Interestingly, the spatial variation in kidney function was not explained by 

the known kidney function-related clinical risk factors, such as age, sex, obesity, 
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diabetes, hypertension, and cardiovascular disease. Although the clustering of 

adjusted eGFR does not completely overlap with clustering of the “snack pattern” 

previously reported in Lifelines (Figure 2)33, the clustering of lower eGFR (cold 

spots in blue) in the urban area of Groningen (Gr) overlaps with the clustering of a 

higher adherence to the “snack pattern” (hot spots in red), whereas the clustering 

of higher eGFR (hot spots in red) in the rural area around Leeuwarden (Lw) overlaps 

with the clustering of a lower adherence of “snack pattern” (cold spots in blue). This 

rough comparison suggests that the neighborhood difference in dietary habits, as 

previously reported in this region33, may be related at least in part to the spatial 

difference in kidney function. As the neighborhood differences in eGFR were not 

explained by known kidney-related clinical factors, we performed multivariate 

analyses to identify neighborhood-level dietary and non-dietary determinants of 

this geographic variation in kidney function. 

Figure 1. The intraregional distribution of eGFR-based kidney function (adjusted for 
the known clinical risk factors) in the Northern Netherlands. Hot spots (red) represent 
clustering of a higher eGFR, and cold spots (blue) represent clustering of lower eGFR.
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Figure 2. Spatial clustering of the “snack pattern” (age, sex, and neighborhood income 
adjusted) in the Northern Netherlands. Hot spots (red) represent clustering of individuals 
with a high adherence to the dietary pattern, cold spots (blue) represent clustering of 
individuals with a low dietary pattern score. Adapted from “A spatial analysis of dietary 
patterns in a large representative population in the north of The Netherlands – the Lifelines 
cohort study” by Dekker LH et al., Int J Behav Nutr Phys Act. 2017 Dec;14(1):1-5. The hot spots 
for the “snack pattern” roughly coincide with the urban areas of the region.

We identified several neighborhood-level dietary and non-dietary 

determinants of spatial differences in kidney function. The neighborhood-

level factors, i.e., higher NO2 exposure, middle-level income, and lower total fat 

intake, were independently related to clusters of lower kidney function. Although 

requiring further investigation regarding the sources of fat intake, our findings 

confirm that neighborhood-level factors, including dietary intake, play important 

roles in the spatial distribution of kidney function. The spatial disparity in kidney 

function within the region suggests that small-scale geographic factors still 

matter among individuals, despite similar and universal access to the health care 

system, a characteristic of the health care system in The Netherlands. Therefore, 

it is important to take neighborhood-level factors, including dietary factors, 

into account to guide strategies for the prevention of kidney function decline. 



Chapter 7

162

This type of analysis is also highly suitable to identify the role of environmental 

risk factors, such as NO2 exposure. Whereas NO2 exposure in the Northern 

Netherlands is not considered excessively high relative to other regions in The 

Netherlands, nevertheless, it was an independent risk factor for worse kidney 

function, emphasizing the relevance of a healthy environment for kidney health. 

Municipalities have an important role in primary prevention programs in the 

Netherlands and generally implement programs at the neighborhood level. Our 

analysis shows that it is relevant to extend prevention programs beyond a one-

size-fits-all approach and to pursue further identification of small-scale spatial 

health disparities and their corresponding risk factors. 

Chapter 3: Diet quality score and incident CKD: the Lifelines Diet Score

The associations between several individual nutrients/foods and the 

development and progression of CKD or kidney function decline have been 

investigated extensively.21-28 However, diet scores reflecting the overall diet are 

more informative, compared with studies targeting individual nutrients or food 

products, because they provide a broader picture of habitual dietary behavior.18,34 

In addition, diet scores have been developed to quantify the complex food 

composition for scientific analysis and evaluation, and can be potentially used 

across different populations.34,35 Diet scores can reflect the adherence to a healthy 

natural diet, such as the Mediterranean diet, or to a predesigned healthy diet, 

such as the DASH diet.36-37 The Mediterranean diet score (MDS) has been positively 

associated with kidney function in the general population.38 However, the MDS 

was constructed many years ago, so that it is not fully in accordance with current 

scientific evidence, and it is not a completely food-based diet score.36 Recently, 

the Lifelines Diet Score (LLDS), a contemporary, food-based diet score, has been 

established based on the scientific literature underlying the 2015 Dutch Dietary 

Guidelines39 by ranking relative consumption of positive and negative food groups 

in relation to their effect on the top-10 of chronic disorders including three causal 

risk factors35, hence providing an indirect reflection of adherence to the Dutch 

Dietary Guidelines. As CKD was not among the reference conditions, the relevance 

of the Dutch Dietary Guidelines for CKD was uncertain. In Chapter 3, therefore we 

investigated the association between the LLDS and incident CKD or a ≥20% eGFR 

decline in the Lifelines Cohort Study. In addition, we validated the associations 
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between the MDS, as a well-established healthy diet score, and kidney outcomes 

in the same population. 

We found that higher adherence to the LLDS was associated with a lower 

risk of either incident CKD or ≥20% GFR decline. These results suggest that a 

healthy diet, in line with the 2015 Dutch Dietary Guidelines, is beneficial to more 

than just the chronic diseases that the guidelines are based on, and may also 

have implications for the prevention of CKD. The MDS was associated with kidney 

outcomes as well, although the effect size was small and borderline significant for 

incident CKD after full adjustment. Similar to the MDS36, the LLDS is characterized 

by more plant-based and less animal-based food consumption and additionally 

includes other positive food groups like oil and soft margarines, unsweetened 

dairy, coffee, and tea, and negative food groups like butter and hard margarines 

and sugar-sweetened beverages. Those additional components have been 

recently reported to be associated with kidney health separately or as part of a 

dietary pattern.40-45 The LLDS integrates current evidence emphasizing high intake 

of generally plant-based foods, unsaturated fat and unsweetened products, and 

low intakes of processed foods, saturated fat, and sweetened products, as part of 

a healthy diet. Thus, the LLDS can be a useful tool to evaluate overall diet quality 

and can be recommended as a tool in the evaluation of dietary strategies for the 

prevention of CKD. Since there is apparently a link between a healthy diet and 

kidney outcomes, it would be interesting to see if the diet can be further refined 

by composing a kidney-specific dietary pattern. 

Chapter 4&5: Kidney-specific dietary pattern and kidney health risk

Dietary patterns can be identified by several methods, one of which is reduced 

rank regression (RRR). This method uses a combination of food groups to construct 

a dietary pattern that explains maximum variation in one or more disease-related 

biomarkers (such as kidney markers) or intermediate risk factors reflecting the 

disease of interest.46,47 RRR can test specific hypotheses regarding a potential 

pathway (biomarkers or intermediate-risk factors) between diet and disease of 

interest.46 The eGFR as an important biomarker of kidney health might be an 

ideal response variable to generate a kidney-specific dietary pattern that may be 

strongly linked with kidney outcomes such as incident CKD and eGFR decline. In 

Chapter 4, we used RRR to identify sex-specific kidney dietary patterns explaining 
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the maximum variation in eGFR. Subsequently, we evaluated whether the eGFR-

based dietary pattern (eGFR-DP) is associated with either a ≥20% eGFR decline or 

incident CKD in Lifelines cohort. 

The eGFR-DP in women was characterized by high consumption of egg, 

cheese, and legumes and low consumption of sweets, white meat, and commercially 

prepared dishes. In men, the eGFR-DP was characterized by high consumption of 

cheese, bread, milk, fruits, vegetables, and beer and low consumption of white meat 

and red meat. A higher score on the sex-specific eGFR-DP was associated with a 

lower risk of ≥20% eGFR decline both in women and men. The association between 

the eGFR-DP and incident CKD lost significance upon adjustment for baseline eGFR. 

Although the derived dietary patterns partly overlapped for men and women but also 

show differences, it would be relevant to consider specific dietary recommendations 

for men and women to prevent CKD. The eGFR-DP shares some components with 

other healthy diets, i.e., a high intake of vegetables, fruits, and legumes and a low 

intake of red meat and sweets,16,38,48 but also contains some new components, such 

as a high intake of dairy products. This observation is in accordance with a recent 

trial showing the beneficial effects of higher dairy intake on blood pressure.49 Similar 

studies on kidney endpoints are warranted. 

While dietary interventions may be beneficial to prevent kidney disease, 

a healthy lifestyle is particularly important for individuals who already have a 

chronic disease. Kidney transplantation is an important treatment for end-stage 

kidney disease, as it improves prognosis and quality of life. However, more than 

half of the KTRs may suffer from metabolic syndrome (MetS) in the long term50, 

which increases the risk for post-transplantation diabetes, graft failure, and poor 

survival.51 In KTRs, the MetS and its components, i.e., waist circumference, systolic 

blood pressure, diastolic blood pressure, serum triglycerides, HbA1c, and HDL 

cholesterol, are important contributors to post-transplantation diabetes, graft 

failure, and excess mortality after kidney transplantation.50-52 The MetS entails 

a cluster of modifiable factors that may be targeted by dietary interventions.53 

The role of MetS components as mediators in the association of diet with the 

prognosis of KTRs is still unknown. In Chapter 5, we applied RRR to construct 

a dietary pattern that maximized the explained variation in the components of 

MetS. Subsequently, we investigated the association between this MetS-related 

dietary pattern (MetS-DP) and the risk of all-cause mortality in KTRs. 

The identified MetS-DP was characterized by a high intake of processed 
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meat and desserts, and a low intake of vegetables, tea, rice, fruits, whole milk, 

and meat substitutes. The food components of MetS-DP derived by RRR were 

partly consistent with previous studies, showing that the Mediterranean diet 

or vegetable intake was associated with a lower risk of MetS, whereas fat and 

sugar intake was associated with a higher MetS risk in KTRs.25,54 Moreover, the 

Mediterranean diet and DASH diet are associated with a lower risk of all-cause 

mortality in KTRs.55-57 However, these dietary patterns are pre-defined based on 

dietary recommendations and are most often not disease-specific. Thus, they 

may not reflect how people really eat and how those patterns are associated 

with disease outcomes. The MetS-DP obtained by RRR uses the combinations of 

foods that are most relevant for the intermediate-risk factors (in this case MetS 

components). Further, we found that the highest tertile of MetS-DP score was 

associated with a more than 3-fold higher all-cause mortality risk compared to the 

lowest tertile. Our results suggest that a dietary pattern linked to the components 

of metabolic syndrome may increase mortality risk after kidney transplantation. 

Identification of disease-specific dietary patterns using the RRR method, as 

illustrated by our study for MetS in KTRs, may open novel avenues for dietary 

interventions to prevent kidney health risk. These interventions may include a 

higher intake of healthy food products but also, importantly, avoiding unhealthy 

foods such as ultra-processed foods.

Chapter 6: Ultra-processed food consumption and impaired kidney 
function

A specific food group, ultra-processed foods (UPF) which are widespread in 

the Western-style diet, gained great attention recently.58-60 UPF consumption 

has strongly increased worldwide in the last two decades.61-66 High UPF intake 

increases the risk of adverse health outcomes, especially cardio-metabolic 

disease.67-73 Whether a high UPF consumption is associated with the risk of kidney 

function decline in the general population is not known.  In Chapter 6, we used 

a contemporary large general-population cohort to evaluate the association 

between the amount of UPF in the diet and the risk of a composite kidney outcome 

(incident CKD or eGFR decline ≥20%) and annual change in eGFR. 

We found that a higher UPF consumption was significantly associated with a 

higher risk of the composite kidney outcome (incident CKD or a ≥20% eGFR decline 
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relative to baseline) and with a stronger annual eGFR decline, independent of 

confounders or other nutrition indices. Results were generally consistent across 

subgroup analyses. Because the proportion of UPF in the diet was associated with 

worse kidney outcomes regardless of macro/micronutrient intake or diet quality 

scores (MDS), our study suggests that additives and nutrient manipulations during 

the manufacturing of UPF may adversely affect kidney health. Our findings are 

in agreement with a recent small-scale study showing that UPF consumption is 

associated with kidney function decline in community-dwelling adults >60 years 

in Spain.74 We are not aware of other studies evaluating this in the overall general 

population, but our results expand previous research linking UPF consumption 

with the risk of other non-communicable diseases such as cardiovascular disease68 

and diabetes69. Furthermore, our observations are in line with other studies 

suggesting that dietary patterns reflecting high consumption of processed foods 

(like the Western-style diet pattern) are associated with a higher risk of incident 

CKD and a more rapid eGFR decline.42,43,75 In contrast, dietary patterns reflecting 

consumption of natural and whole foods (like the Mediterranean diet pattern) are 

associated with a lower risk of CKD development and progression in the general 

population.38,76 Thus, avoiding UPF is deemed a suitable strategy for the prevention 

of kidney health risks. The specific mechanisms underlying the effect of UPF on 

kidney health risk deserve further exploration.

In Chapter 2, outlined  above, we found that neighborhood-level dietary 

factors are relevant to the small-scale spatial differences in kidney function. To 

assess whether differences in UPF consumption might be involved in spatial 

differences in kidney health risk, we performed a spatial analysis of UPF 

consumption. These preliminary data, shown in Figure 3, support the presence of 

spatial clustering of UPF consumption at the neighborhood level in the Northern 

Netherlands . Both the clustering of UPF consumption (Figure 3) and the clustering 

of “snack pattern” (Figure 2) are partly overlapping with clustering of kidney 

function (Figure 1), which further confirmed that regional differences in dietary 

habits may at least in part drive the spatial disparities in kidney function. 
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Figure 3. Spatial clustering of the proportion (%) of UPF consumption in the diet (age-  
and sex-adjusted) in the Northern Netherlands. Hot spots (red) represent clustering of 
individuals with a high intake of UPF, cold spots (blue) represent clustering of individuals 
with a low intake of UPF.

Of note, the average proportion of UPF consumption in the diet in the 

Netherlands is 37.7 %. The popularity and high intake of UPF can be partly 

attributed to the heavy marketing and convenience as well as the widespread 

availability in the current food environment77,78, which might be involved in spatial 

differences in UPF consumption. In line with this assumption, closer proximity 

to food retailers, supermarkets and restaurants, was associated with somewhat 

lower consumption of UPF and higher diet quality in the Netherlands.79 

Future perspectives and dietary strategies for 
kidney health

This thesis describes several approaches to better assess the association between 

diet and kidney health, by the methodology that is novel in the nephrology 
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field. Our studies link specific dietary patterns with kidney health risk in the 

general population as well as in prevalent kidney patients (KTRs). In general, we 

investigated the relationship between diet and kidney health risk from different 

perspectives, involving food processing (UPF consumption), predefined dietary 

pattern reflective of dietary guidelines (LLDS), RRR-derived dietary patterns (eGFR-

DP and MetS-DP), and regional differences in dietary intake. The results from 

this thesis support the relevance of these novel approaches as alternative and 

complementary to current preventive dietary strategies for kidney health risk in 

individuals and in public health. 

Implications of our findings for dietary measures for kidney health 

Our findings have several implications for the design and implementation of 

dietary measures for kidney health. 

UPF as modern industrial products become increasingly prominent in the 

food supplies and dietary patterns, which are associated with many adverse 

health outcomes, including diabetes, cardiovascular disease, and, as shown in this 

thesis, also kidney health risk. However, food processing is not yet considered in 

dietary guidelines. Our results support the relevance of including food processing 

as a factor to be considered in dietary guidelines.

The dietary guidelines for prevention and management of CKD in The 

Netherlands refer to the 2015 Dutch Dietary Guidelines39, so far, however, 

without empirical evidence for its applicability for CKD. Our data on the LLDS as a 

predefined diet score reflecting adherence to the 2015 Dutch Dietary Guidelines, 

provide empirical validation for the applicability of these guidelines for the 

prevention of CKD in the general population.

The eGFR-DP and MetS-DP as disease-specific dietary patterns derived by RRR 

are strongly linked with kidney health risk, thus, they can be considered suitable to 

design tailored and targeted measures to prevent kidney health risk in the general 

population and in KTRs. For designing recommendations, it is important to integrate 

the evidence from different sources into consistent dietary advice. 

The components of dietary patterns including LLDS, eGFR-DP, and MetS-

DP partly overlap but also show differences (Figure 4). Whereas the overlap is 

substantial, and already provides a firm basis for dietary guidance, nevertheless, 

how to reconcile disparities, and maximize the generalizability of these specific 

dietary patterns is still a challenge. It must be noted that the current results were 
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obtained in a single context and region, that is, the capture area of the University 

Medical Center Groningen, The Netherlands. Contextual factors and differences in 

background diet in different countries may be highly relevant in the association of 

dietary patterns with eventual health outcomes. Confirmation and replication in 

different (inter) national settings are therefore needed. Although many diet scores 

and patterns existed previously, and some are added in this thesis, there is no 

single perfect diet for kidney health and one diet cannot tell the whole story. For 

example, eggs are neutral foods for overall health in the general population, but 

they are considered as positive food groups of the eGFR-DP which is beneficial 

for kidney outcomes. Diet is not black and white, as for instance apparent from 

the existence of different Blue Zones across the globe, characterized by extreme 

longevity of the population, with substantial differences in their healthy dietary 

habits. There is no holy grail, but this thesis shows that a combination of foods 

(dietary pattern) can be meaningfully investigated for its relevance to kidney 

health. So far, dietary interventions with a beneficial effect on hard endpoints 

invariably were based on changing the dietary pattern (i.e MDS and DASH diet) 

rather than single nutrients or food groups. Whereas those studies addressed 

cardiovascular endpoints, our data support the relevance for such an intervention 

for kidney health as well. For designing such a kidney protective dietary pattern, a 

basis of strong similarities between the different dietary patterns is now available, 

still with limited contradictions.

Figure 4. Positive and negative food groups in different dietary patterns including 
LLDS, eGFR-DP, and MetS-DP.
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Future studies

All in all, since our studies are observational, future studies are needed to confirm 

our observational results, and also prospective studies might be done to establish 

whether dietary modifications in accordance with our results may lead to the 

preservation of kidney function in the general population. Moreover, although the 

use of additives and nutrient manipulations during the manufacturing of UPF may 

adversely affect kidney health80-84, the underlying biological mechanisms still need 

to be further explored. Nonetheless, overall our findings support the relevance of 

dietary patterns and food processing for future dietary strategies to prevent CKD 

in the general population. 

The nutritional guidelines for KTRs in the nephrology field are based 

on limited evidence, mostly extrapolated from other high-risk populations. 

Accordingly, better evidence supporting their validity for KTRs is needed. More 

observational studies are needed to confirm whether dietary patterns benefiting 

CKD patients - as observed in our studies - are also beneficial for KTRs. Higher-

quality studies like randomized controlled trials focused on dietary patterns are 

needed to substantiate new evidence-based guidelines.

Dietary strategies for kidney health in public health

A lack of knowledge and awareness on the diet and its role in kidney health might 

hamper the individual from making healthier food choices. Education on diet to 

the general population is needed, which may increase the individual’s awareness of 

healthy and unhealthy diets for overall health as well as kidney health. Knowledge 

and awareness need to be accompanied by a set of food skills, such as planning 

and preparing meals, together denoted as food literacy, to result in a healthier 

diet, which requires additional educational efforts.85 

Our data, moreover, support the relevance of regional approaches. Strategies 

and policies for the prevention of kidney health risk may be less effective or only 

provide limited benefits without taking regional differences into account. Recent 

data show that the food environment in a region may well influence the food 

choice of individuals, such as for instance UPF consumption. A regional difference 

in the proportion of UPF consumption in the diet is also observed in the Northern 

Netherlands, which could be a target for regional intervention, that may be 

expected to be beneficial for overall health as well as kidney health. 
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General measures by policymakers could include measures to decrease 

the sale and marketing of UPF and increase the exposure to food retailers, 

supermarkets, and restaurants in the food environment. Furthermore, the price 

of the food also affects the choice of individuals. Realistic policies and actions 

to increase the price of unhealthy food, such as UPF, and decrease the price of 

healthy foods, such as fruits and vegetables might be effective strategies for the 

prevention of CKD and kidney function decline.   

In conclusion, achieving healthier dietary habits is a main strategy for the 

prevention of CKD and its complications. Novel approaches, addressing the 

complexity of diet in daily life, provide important insights and opportunities to 

guide the prevention of CKD by dietary measures in the future. 
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