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ABBREVIATIONS 

A 

ACEIs, Angiotensin-converting enzyme inhibitors  

ARBs, Angiotensin receptor blockers  

 

B 

BMI, Body mass index 

 

C 

CIs, Confidence intervals 

CKD, Chronic kidney disease  

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration 

CVD, Cardiovascular disease  

CysC, Cystatin C 

 

D 

DASH, Dietary Approaches to Stop Hypertension 

 

E 

eGFR, Estimated glomerular filtration rate 

erMedDiet, Energy-reduced Mediterranean diet 

 

F 

FFQ, Food frequency questionnaire 

 

G 

g/d, grams per day 

GFR, Glomerular filtration rate  

 

H 

HDL-C, High-density lipoprotein-cholesterol  

HRs, Hazard Ratios 

 

K 

KDIGO, Kidney Disease: Improving Global Outcomes 

kg, kilograms 
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L 

LDL-C, Low-density lipoprotein-cholesterol 

 

M 

m, meters 

MDRD, Modification of Diet in Renal Disease 

MedDiet, Mediterranean Diet 

MET, Metabolic equivalent of task 

MetS, Metabolic syndrome  

 

N 

NEAP, Net endogenous acid production  

 

O 

ORs, Odd Ratios 

 

P 

PREDIMED-Plus, PREvención con Dieta MEDiterránea Plus study 

PRAL, Potential renal acid load  

 

R 

RAAS, Renin-angiotensin-aldosterone system 

 

S 

SCr, Serum creatinine 

 

T 

T2D, Type 2 diabetes 

 

U 

UARC, Urinary albumin/creatinine ratio  

UPF, Ultra-processed food 

 

W 

WHO, World Health Organization  
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ABSTRACT 

English 

The gradual deterioration of kidney function can eventually lead to chronic kidney disease 

(CKD), an emerging public health concern affecting approximately 9-13% of the worldwide 

population. The significant morbidity and mortality associated with CKD, closely related to 

cardiovascular disease, as well as the high socioeconomic and healthcare burden emphasize 

its importance as a critical global health problem. Several lifestyle behaviors have been 

suggested as modifiable risk factors for CKD, especially dietary habits, that appear to play an 

important role in kidney function. In fact, healthy dietary patterns have been associated with 

better levels of kidney function, as determined by the estimated glomerular filtration rate 

(eGFR). However, there has been a recent global shift towards a greater consumption of a 

Western diet, characterized by a high consumption of ultra-processed foods (UPF), which 

may contribute to an increase in the dietary acid load. This change in diet has been related to 

the worldwide progressive increase in non-communicable diseases, including CKD. 

Unfortunately, scientific evidence specifically focused on the impact of diet on populations 

at high risk of developing CKD, such as people of older age with underlying comorbid 

conditions, is relatively limited. 

The principal objective of this thesis was to assess the association between certain modifiable 

dietary factors - dietary patterns, dietary acid load, and UPF - and kidney function in an older 

adult population with overweight or obesity and metabolic syndrome (MetS). The current 

dissertation was conducted within the frame of the PREvención con DIeta MEDiterránea-

Plus (PREDIMED-Plus) study, an ongoing parallel-group, multi-center, randomized 

controlled clinical trial conducted in Spain for the primary prevention of cardiovascular 

disease. The different statistical analyses were performed using data from this study as if it 

was an observational prospective cohort study.  

The results of the current doctoral research showed a statistically significant association 

between changes towards a greater adherence to the 17-item energy-reduced Mediterranean 

Diet (erMedDiet) score and higher eGFR after one-year of follow-up, together with lower 

odds of eGFR decline. However, the Dietary Approach to Stop Hypertension (DASH) score 

was not significantly associated with eGFR, and the Protein Diet Score was negatively 

associated. In addition, dietary acid load was associated with the two primary markers of 

kidney function. After one-year of follow-up, higher potential renal acid load (PRAL) index 

was associated with lower eGFR levels as well as higher odds of eGFR decline, and urinary 
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albumin/creatinine ratio increase, whereas net endogenous acid production (NEAP) index 

was only associated with eGFR. Finally, there was also a statistically significant inverse 

association between UPF consumption and eGFR at baseline and over 3-years of follow-up.  

In conclusion, the findings of this thesis support the potential benefits of a Mediterranean 

diet on kidney function in older adults with overweight or obesity and MetS. In addition, the 

results suggest that higher dietary acid load and consumption of UPF might contribute to 

the deterioration of kidney function. Further long-term and interventional studies are 

warranted to confirm our findings before they can be incorporated into future dietary 

guidelines for the prevention of CKD. 
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Castellano 

El deterioro progresivo de la función renal puede conducir con el tiempo a la enfermedad 

renal crónica (ERC), un problema de salud pública emergente que afecta alrededor del 9-

13% de la población mundial. Su gran morbilidad y mortalidad, estrechamente relacionada a 

la enfermedad cardiovascular, así como su alta carga socio-económica y sanitaria, resalta su 

importancia como un problema de salud global crítico. Varios hábitos de vida han sido 

sugeridos como factores de riesgo modificables para la ERC, especialmente hábitos 

dietéticos, que parecen desempeñar un papel esencial en la función renal. De hecho, algunos 

patrones dietéticos saludables se han asociado con mejoras en la función renal, determinada 

a través de tasa de filtración glomerular estimada (TFGe). No obstante, recientemente se ha 

producido un cambio mundial hacia un mayor consumo de una dieta tipo occidental, rica en 

alimentos ultra-procesados (AUP), que podrían contribuir al incremento de la carga ácida de 

la dieta. Este cambio en la dieta se ha relacionado con el aumento progresivo a nivel mundial 

de las enfermedades no transmisibles, entre las cuales se incluye la ERC. 

Desafortunadamente, la evidencia científica centrada específicamente en el impacto de la 

dieta en poblaciones con alto riesgo de desarrollar ERC, como las personas mayores con 

comorbilidades asociadas, es relativamente limitada.  

El objetivo principal de esta tesis fue evaluar las asociaciones entre ciertos factores dietéticos 

modificables (patrones dietéticos, la carga ácida de la dieta y los AUP) y la función renal en 

una población de adultos mayores con sobrepeso u obesidad y síndrome metabólico (SM). 

La presente tesis se llevó a cabo en el contexto del estudio PREvención con DIeta MEDiterránea-

Plus (PREDIMED-Plus), un ensayo clínico paralelo, controlado, aleatorizado y multicéntrico 

llevado a cabo en España para la prevención primaria de las enfermedades cardiovasculares. 

Se realizaron múltiples análisis estadísticos utilizando los datos de este estudio como si se 

tratara de un estudio de cohortes prospectivo observacional.  

Los resultados de la presente investigación doctoral mostraron una asociación 

estadísticamente significativa entre los cambios hacia una mayor adherencia a la dieta 

Mediterránea (17-item erMedDiet) y una mayor TFGe después de un año de seguimiento, 

así como también, una menor probabilidad de declive en la TFGe. Sin embargo, la dieta 

DASH (Dietary Approach to Stop Hypertension) no se asoció significativamente con la TFGe y 

la puntuación de dieta proteica (Protein Diet Score) se asoció negativamente. Además, la carga 

ácida de la dieta se asoció con los dos marcadores principales de la función renal. Después 

de un año de seguimiento, un índice más alto de PRAL (potential renal acid load) se asoció con 
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niveles más bajos de la TFGe, así como con mayores probabilidades de declive en la TFGe 

y de incremento del cociente de albúmina creatinina en orina. En cambio, el índice NEAP 

(net endogenous acid production) solo se asoció con los resultados relacionados con la TFGe. 

Finalmente, también se observó una asociación estadísticamente significativa e inversa entre 

el consumo de AUP y la TFGe al inicio del estudio y durante los 3 primeros años de 

seguimiento.  

En conclusión, los hallazgos de esta tesis apoyan los posibles beneficios de la dieta 

Mediterránea sobre la función renal en adultos mayores con sobrepeso u obesidad y SM. 

Asimismo, los resultados apuntan a que una mayor carga ácida de la dieta y el consumo de 

AUP podrían contribuir al deterioro de la función de los riñones. Sin embargo, se necesitan 

más estudios de seguimiento a largo plazo y estudios de intervención para confirmar estos 

hallazgos, previo a que puedan ser incorporados en las guías dietéticas para la prevención de 

la ERC. 
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Català 

El deteriorament progressiu de la funció renal pot conduir amb el temps a la malaltia renal 

crònica (MRC), un problema de salut pública emergent que afecta al voltant del 9-13% de la 

població mundial. La seva gran morbiditat i mortalitat, estretament relacionada a la malaltia 

cardiovascular, així com la seva alta càrrega socioeconòmica i sanitària, ressalta la seva 

importància com un problema de salut global crític. Diversos hàbits de vida han estat 

suggerits com a factors de risc modificables per a la MRC, especialment hàbits dietètics, que 

semblen exercir un paper essencial en la funció renal. De fet, alguns patrons dietètics 

saludables s'associen amb millores en la funció renal, determinats a través de la taxa de 

filtració glomerular estimada (TFGe). No obstant això, recentment hi ha hagut un canvi 

mundial cap a un major consum d'una dieta tipus occidental, rica en aliments ultra-processats 

(AUP), que podrien contribuir a un increment de la càrrega àcida de la dieta. Aquest canvi 

en la dieta s'ha relacionat amb l'augment progressiu a nivell mundial de les malalties no 

transmissibles, entre les quals s'inclou la MRC. Malauradament, l'evidència científica centrada 

específicament en l'impacte de la dieta en poblacions amb alt risc de desenvolupar MRC, 

com les persones majors amb comorbiditats associades, és relativament limitada.  

L'objectiu principal d'aquesta tesi va ser avaluar les associacions entre certs factors dietètics 

modificables (patrons dietètics, la càrrega àcida de la dieta i els AUP) i la funció renal en una 

població d'adults majors amb sobrepès o obesitat i síndrome metabòlica (SM). La present 

tesi es va dur a terme en el context de l'estudi PREvención con DIeta MEDiterránea-Plus 

(PREDIMED-Plus), un assaig clínic paral·lel, controlat, aleatoritzat i multicèntric dut a terme 

a Espanya per a la prevenció primària de les malalties cardiovasculars. Es van realitzar 

múltiples anàlisis estadístiques utilitzant les dades d'aquest estudi com si es tractés d'un estudi 

de cohorts prospectiu observacional.  

Els resultats de la present tesi doctoral van mostrar una associació estadísticament 

significativa entre els canvis cap a una major adherència a la dieta Mediterrània (17-item 

erMedDiet) i una major TFGe al cap d'un any de seguiment, així com també, amb una menor 

probabilitat de declivi en la TFGe. No obstant això, la dieta DASH (Dietary Approach to Stop 

Hypertension) no es va associar significativament amb la TFGe i la puntuació de la dieta 

proteica (Protein Diet Score) es va associar negativament. A més, la càrrega àcida de la dieta es 

va associar amb els dos marcadors principals de la funció renal. Al cap d'un any de seguiment, 

un índex més alt de PRAL (potential renal acid load) es va associar amb nivells més baixos de la 

TFGe, així com amb majors probabilitats de declivi en la TFGe i d'increment del quocient 
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d'albúmina creatinina en orina. En canvi, l'índex NEAP (net endogenous acid production) només 

es va associar amb els resultats relacionats amb la TFGe. Finalment, també es va observar 

una associació estadísticament significativa i inversa entre el consum de AUP i la TFGe a 

l'inici de l'estudi i durant els 3 primers anys de seguiment.  

En conclusió, els resultats d'aquesta tesi donen suport als possibles beneficis de la dieta 

Mediterrània sobre la funció renal en adults majors amb sobrepès o obesitat i SM. Així 

mateix, els resultats apunten al fet que una major càrrega àcida de la dieta i el consum d’AUP 

podrien contribuir al deteriorament de la funció dels ronyons. No obstant això, es necessiten 

més estudis de seguiment a llarg termini i estudis d'intervenció per a confirmar aquests 

resultats, previ al fet que puguin ser incorporats en les guies dietètiques per a la prevenció de 

la MRC.
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I. INTRODUCTION 

The human body is endowed with a pair of kidneys, which are integral components of the 

renal system, along with the two ureters, the bladder, and the urethra. The kidneys are crucial 

organs with primary functions (see Figure 1) that include maintaining the transport balance 

of electrolytes and water, preserving essential nutrients, expelling by products of metabolism, 

and regulating the acid-base balance of the body1,2. Furthermore, kidneys are actively 

involved in the regulation of blood pressure, the production of erythropoietin, and bone-

mineral metabolism3. The impairment of kidney function may give rise to an unstable 

environment for normal physiological procedures.  

Figure 1. The function of the kidneys. Adapted from: Naber T, Purohit S. Chronic Kidney 
Disease: Role of Diet for a Reduction in the Severity of the Disease. Nutrients. 2021;13(9):3277. 
doi:10.3390/nu13093277  

1. Chronic kidney disease 

1.1. Definition and diagnosis of chronic kidney disease 

Chronic kidney disease (CKD) is defined as “abnormalities of kidney structure or function, 

present for a minimum of three months, with implications for health”, according to the latest 

update of the Clinical Practice Guidelines for Evaluation and Management of Chronic 

Kidney Disease by the Kidney Disease: Improving Global Outcomes (KDIGO)4. The 

established criteria for CKD diagnosis (see Table 1) include a decreased glomerular filtration 

rate (GFR) or evidence of one or more markers of kidney damage4.  
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1.1.1. Glomerular filtration rate  

The GFR corresponds to the plasma filtration per unit of time, predominantly executed by 

nephrons - the functional units of the kidneys2. Therefore, the sum of the GFR of each 

nephron corresponds to the total GFR5. Despite the inability to directly measure GFR in 

clinical practice, this index of kidney function can be easily estimated through equations 

based on serum levels of endogenous filtration biomarkers, with serum creatinine (SCr) or 

cystatin C (CysC) being the most frequently used6–8. Both compounds are considered small 

molecular weight proteins which, under normal kidney function conditions, are generally 

filtered, reabsorbed, and metabolized by the glomerulus membrane and the tubule - integral 

structures within the kidneys. Consequently, SCr and CysC have been considered appropriate 

biomarkers of GFR9. However, the estimated GFR equations described later in this section 

are proposed to be more reliable than using solely the biomarker concentration for kidney 

function assessment. Hence the estimated GFR method is recommended for assessing 

kidney function in clinical practice and research settings4.  

SCr is an amino acid metabolite derived from the breakdown of protein in muscles, as well 

as from the digestion of dietary proteins. This metabolite circulates throughout total body 

water, undergoes filtration by the glomerulus, experiences secretion by the tubule, is excreted 

in the urine, and can also be degraded by gut bacteria6.  

CysC is a glycosylated low molecular mass protein generated by all nucleated cells of the 

human body. By contrast, this protein circulates within the extracellular fluid, but it is also 

filtered by the glomerulus and degraded by the tubule and is minimally excreted in the urine 

and through other extra-renal pathways6,9. In contrast with SCr, CysC is less affected by 

Table 1. Criteria for CKD diagnosis (either of the following present for a minimum of 3 
months) 

Criteria Description 

Decreased GFR GFR lower than 60 ml/min/1.73m2  

Markers of kidney damage (one or more) Albuminuria (defined as UARC greater than or equal to 
30 mg/g or 3 mg/mmol)  
Persistent hematuria 
Urine sediment abnormalities 
Electrolyte and other abnormalities due to tubular 
disorders 
Abnormalities detected by histology 
Structural abnormalities detected by imaging 
History of kidney transplantation 

Adapted from KDIGO guidelines. 
GFR, Glomerular Filtration Rate; UARC, urinary albumin/creatinine ratio. 
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certain factors such as muscle mass, diet, age, and sex. However, glucocorticoids, smoking, 

thyroid dysfunction, inflammation, and adiposity have been suggested as factors influencing 

CysC concentrations6,9. 

During the last decades, several formulas have been developed for estimating GFR utilizing 

SCr and/or CysC concentrations. For GFR based on SCr estimation, MDRD (Modification of 

Diet in Renal Disease) Study and CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) 

equations are the ones that have currently gathered the most evidence and validation. The 

MDRD Study equation was initially developed in 1999 and it was improved in 2006. A few 

years later, in 2009, CKD-EPI SCr equation was created to address the limitations of the 

MDRD formula. Despite, both equations accounting for SCr concentration, age, sex and 

ethnicity, the CKD-EPI SCr equation has been demonstrated to be more accurate and 

presents with less bias than the MDRD Study equation6,8,10. Accordingly, the CKD-EPI SCr 

equation has been stated as the primary SCr-equation choice, especially in populations from 

Europe, North America, and Australia8. Considering CysC, the CKD- EPI CysC and SCr–

CysC equations were developed for the first time in 20126. These equations are based on 

each corresponding biomarker, age, and sex. Furthermore, ethnicity is also considered in the 

CKD-EPI SCr–CysC formula. Previous evidence comparing the capacity of all CKD-EPI 

equations suggests that the CKD-EPI CysC equation is the one which entails less bias and 

the CKD-EPI SCr–CysC equation is the most accurate in comparison with the single-

biomarkers formulas6–8. Moreover, the CysC-based CKD-EPI equations9 have shown to be 

particularly meaningful in the older adults since this population eventually presents with 

lower muscle mass and SCr levels11. Nonetheless, in the KDIGO guidelines, it is suggested 

to use the CKD-EPI SCr equation for the initial estimation of GFR. These guidelines also 

recommend performing the CKD-EPI SCr–CysC formula when the GFR estimation based 

on SCr is less accurate (i.e., conditions or diseases contributing to muscle loss) and GFR 

affects making clinical decisions4.  

Regarding the levels of GFR, according to the latest report by KDIGO, a threshold of less 

than 60 ml/min/1.72m2 for more than three months has generally been agreed as indicative 

of decreased kidney function and CKD. KDIGO has classified GFR levels into six groups 

(see Table 2), ranging from normal kidney function to kidney failure4. 
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1.1.2. Urinary albumin/creatinine ratio  

Albuminuria is considered an indicator of the severity and progression of kidney damage, 

reflecting the capacity of the glomerular capillary wall to be permeable to certain 

macromolecules5. Furthermore, albuminuria has been closely linked to cardiovascular disease 

risk and early diabetic nephropathy12. Although the measurement of total urinary protein or 

proteinuria has traditionally been used to assess kidney damage, the significance of 

albuminuria has increased in recent years, given that albumin is the predominant protein 

present in urine and its accumulation in the tubules may indicate damage in these structures 

and even glomerulosclerosis5,12 – the scarring of the tiny blood vessels in the kidneys, known 

as glomeruli2. The changeable configuration of the albumin molecule has made it challenging 

to establish an appropriate approach to evaluate albuminuria. However, urinary 

albumin/creatinine ratio (UACR) measured in an early morning urine sample has currently 

become the most recommended method5,12.  

Microalbuminuria and macroalbuminuria terms have typically been defined as albuminuria 

between 30-300 mg/dL and greater than 300 mg/dL, respectively13. Nevertheless, KDIGO 

Table 2. Chronic kidney disease prognosis according to categories of GFR and 
albuminuria 

 Albuminuria 
(mg/g or mg/mmol) 

GFR categories 
(ml/min/ 1.73m2) 

A1: 
Normal to mildly 

increased 
(<30 or <3) 

A2: 
Moderately 
increased 

(30 to 300 or 3 to 30) 

A3: 
Severely increased 

(>300 or >30) 

G1: 
Normal or high  

(≥ 90) 
Low risk Moderately increased 

risk 
High 
risk 

G2: 
Mildly decreased  

(60-89) 
Low risk Moderately increased 

risk 
High 
risk 

G3a: 
Mildly to moderately 

decreased  
(45-59) 

Moderately increased 
risk 

High 
risk 

Very high 
risk 

G3b: 
Moderately to severely 

decreased  
(30-44) 

High 
risk 

Very high 
risk

Very high 
risk

G4: 
Severely decreased  

(15 -29) 

Very high 
risk 

Very high 
risk 

Very high 
risk 

G5: 
Kidney failure  

(<15) 

Very high 
risk 

Very high 
risk 

Very high 
risk 

Adapted from Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 
Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int. 2024 
Apr;105(4S):S117-S314. doi: 10.1016/j.kint.2023.10.018. PMID: 38490803. 
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guidelines discourage the continued use of this terminology in their 2012 report14. Instead, 

they have proposed a novel albuminuria classification (see Table 2) comprising of three 

groups: a) normal to mildly, b) moderately, and c) severely increased albuminuria4. 

Based on both markers, GFR and albuminuria, a well-established classification of the 

prognosis of CKD (see Table 2) was first introduced in the 2012 KDIGO guidelines 

report14. Since then, it has been the subject of various reviews and studies5,15–18. In fact, this 

classification has been maintained in the recent updated KDIGO report of 20244. The level 

of risk of CKD is thereby determined by the six GFR categories and the three albuminuria 

categories. Furthermore, whether the cause of the disease is a primary kidney disease or a 

systemic disease should also be considered for this prognosis classification4,14.  

1.2. Epidemiology of chronic kidney disease 

CKD represents a substantial global health concern. It has been suggested that, over the last 

decade, the number of individuals affected by this disease ranges from approximately 9 to 

13% of people worldwide. This implies that globally around 700 million to one billion 

individuals have CKD19–22. When examining CKD stages, categories G1 and G2 combined 

with A2 or A3 are the most prevalent, accounting for approximately 5%, followed by stages 

G3a and G3b, which present a prevalence of approximately 4%21. In 2017, it was also 

reported that CKD appeared to be more prevalent in women than in men21. Nevertheless, 

this sex difference was not observed in a recent study focused on estimating CKD across 11 

countries around the world20. Additionally, in this study, the average age for individuals with 

this chronic disease was estimated to be between 74 and 75 years20.  

Estimates of mortality attributable to CKD stand at around 7.6%20,21. In the global list of 

causes of death, CKD has climbed from being the 36th leading cause in 199019 to the 11th in 

20174. Subsequently, it has been estimated that this disease will occupy the 5th place on the 

mortality risk list by 204019,21,23. It is worth mentioning that this epidemiological information 

should be taken with caution, as the definition of CKD may vary among studies. However, 

regardless of the precision with which CKD prevalence is understood, it still poses a 

significant burden on healthcare systems, particularly when CKD progresses to an advanced 

stage, needing expensive and complex treatments such as dialysis or kidney transplantation20.  

This becomes particularly significant since, during the early years of CKD, individuals often 

do not experience any symptoms, and treatments or preventive measures are lacking. In fact, 
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it has been estimated that only 10% of individuals with CKD are aware of their condition4,24. 

Therefore, by the time symptoms begin to appear, the disease is so advanced that it requires 

kidney replacement therapy3,4. 

In the Spanish context, the prevalence of CKD has been estimated to be approximately 15%, 

which corresponds to one in seven adults25, surpassing the global estimate. According to the 

2020 survey conducted by the Instituto Nacional de Estadística (INE, the National Statistical 

Institute), CKD affects 279.9 thousand people in Spain, with women being more affected 

than men. The regions with the highest prevalence were observed to be Catalunya, Andalusia, 

and the Valencian Community (see Figure 2)26.    

 

 

Figure 2. Prevalence of CKD in Spain by region. 
Source: Instituto Nacional de Estadística (INE, 
National Statistical Institute of Spain). Encuesta de 
discapacidad, autonomía personal y situaciones de 
dependencia (Survey on disability, personal autonomy 
and situations of dependency).  2020 
 

 

The 2023 INE report on mortality by cause of death estimated that kidney impairment 

contributed to 8,117 deaths in 202027. Additionally, CKD is expected to represent the second 

major cause of mortality in Spain within the next 60-70 years28. Furthermore, it has been 

reported that Spain is one of the European countries with the highest hospital healthcare 

costs for CKD20. 

1.3. Physiopathology of chronic kidney disease 

In brief, CKD physiopathology could be summarized as progressive decline in kidney 

function due to a disruption of the self-regulation mechanisms targeted at protecting the 

kidneys. For a better understanding of these mechanisms, which have been extensively 

described in previous scientific literature3,29, it would be crucial to consider the structure and 

anatomy of the kidney and nephron (see Figure 3). 
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Figure 3. Anatomy of the kidney and 
nephron. Adapted from: NIH: National 
Institute of Diabetes and Digestive and 
Kidney Diseases  

 

 

The damage of the kidney’s structures can be initiated by sustained inflammatory or immune 

reactions, exogenous toxic substances, and endogenous compounds including glucose and 

certain proteins, as well as specific kidney conditions such as genetic defects3,29,30. 

Consequently, the injured nephrons are unable to perform their usual function, and the 

remaining `survivor´ nephrons will take over, leading to their hypertrophy and a status of 

hyperfiltration. An increase in the arterial pressure within the nephrons will follow, causing 

damage to the glomerular structure and podocytes30–32 – the specialized epithelial cells that 

constitute the glomerular basement membrane, and play an essential role in the glomerular 

filtration barrier33. Finally, the compromised filtration system, deposition of the extracellular 

matrix, nephron sclerosis, and loss of kidney function become evident30–32. 

Therefore, the progression of kidney disease is marked by kidney inflammation, reduced 

capillary vascularization, tubular atrophy, and, most significantly, glomerulosclerosis and 

tubulointerstitial fibrosis. These histopathological changes ultimately lead to end-stage 

kidney disease3.  

Glomerulosclerosis, characterized as the scarring of the glomerulus, has been linked to the 

injury and loss of function of endothelial cells, which, along with the glomerular basement 

membrane, form the glomerular filtration barrier. Moreover, podocyte damage, alterations 

in their actin cytoskeleton, and their detachment or apoptosis are also considered 

contributors to glomerulosclerosis. Matrix production and accumulation by mesangial cells - 

UNIVERSITAT ROVIRA I VIRGILI 
DIETARY FACTORS AND KIDNEY FUNCTION: INSIGHTS FROM A POPULATION OF OLDER MEDITERRANEAN ADULTS WITH 
OVERWEIGHT OR OBESITY AND METABOLIC SYNDROME 
Cristina Valle Hita 
 



stromal contractile cells within the glomerulus of the kidneys34, are further suggested to be 

factors in this process3. 

Tubulointerstitial fibrosis can be defined as the excessive accumulation of extracellular matrix 

in the interstitial space of the kidney’s tubule. This process involves the release of 

chemotactic factors, infiltration of inflammatory cells, activation of fibroblasts and pericytes, 

generation and activation of myofibroblasts, excessive production of extracellular matrix, 

defects in its degradation and over-deposition in the interstitium, tubular apoptosis and 

atrophy, microvascular rarefaction, culminating in kidney dysfunction3.  

Some of the signaling cascades and molecules that have been detected as taking part in the 

physiopathology of CKD, include the Renin-Angiotensin-Aldosterone System (RAAS), 

oxidative stress, TGF-β, Wnt–β-catenin pathway, mTOR signaling, microRNAs and 

hypoxia-induced factor3. The RAAS may deserve special attention as angiotensin-converting 

enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) are nowadays 

commonly prescribed for kidney disease35,36. Aldosterone and angiotensin II appear to be 

related to pro-inflammatory and pro-oxidant processes, generation of extracellular matrix, 

and dysfunction of the endothelium. In addition, angiotensin II is a known vasoconstrictor 

which can contribute to glomerular hypertension. Hence, RAAS is intricately linked to 

tubulointerstitial fibrosis, kidney dysfunction, and CKD3,29,32. 

1.4. CKD as a risk factor for Cardiovascular Disease, Anemia, and Mineral and 

Bone Disorder  

According to the WHO, cardiovascular disease (CVD) is considered the primary cause of 

mortality worldwide and encompasses a group of disorders affecting the blood circulatory 

system, involving the heart and blood vessels37. It has been widely recognized that CKD is a 

relevant risk factor for CVD; thus, low levels of GFR and albuminuria have been suggested 

to be strong and independent CVD indicators10,14,28. In the latest KDIGO guidelines, it was 

stated that all individuals suffering from CKD should be considered at a high risk for CVD4. 

The burden of CVD due to CKD has been estimated to be around 7%. Additionally, the 

global age-standardized rate of disability-adjusted life-years resulting from CVD attributable 

to impaired kidney function in 2017 was approximately 318.3 disability-adjusted life-years 

per 100,000 population21. In addition, sudden cardiac death accounts for 59 deaths per 1000 

person-years, representing 26% of total mortality in people with CKD. In contrast, these 

figures are notably lower in the general population, with one death per 1000 person-years, 
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accounting for 6 to 13% of total mortality38. It has been indicated that the risk of experiencing 

a CVD event, including CVD-related death, is much higher than the progression from 

impaired kidney function to end-stage kidney disease14,38. Left ventricular hypertrophy is the 

most common myocardial disease associated with CKD3, along with cardiac failure and 

myocardial fibrosis. Moreover, arteriosclerosis and atherosclerosis are the main remarkable 

arterial vascular pathologies in CKD3,14,38,39.  

Several risk factors for CVD in people with CKD have been identified and are typically 

classified into traditional and non-traditional risk factors. Hypertension, diabetes and 

smoking habits are considered the major traditional risk factors. In addition, modifications 

in blood lipids have been observed in CKD, characterized by an atherogenic profile with an 

increase in blood triglycerides and a decrease in high-density lipoprotein-cholesterol (HDL-

C)38,39. Therefore, dyslipidemia has also been considered a traditional risk factor. Regarding 

non-traditional factors, vascular calcification, anemia, calcium-phosphorus metabolism 

alterations3,10,39, oxidative stress, low-grade inflammation, and proteinuria3,39, as well as 

elevated activity of the RAAS system and sympathetic nerve, along with vitamin D 

deficiency, have been suggested38. 

Anemia and CKD-mineral and bone disorder are usual complications as kidney function 

declines, along with metabolic acidosis14.  According to the WHO, an anemia condition is 

defined by a lower number of red blood cells or hemoglobin concentration than normal40. 

The peritubular interstitial cells of the kidneys are involved in erythropoietin production. 

Consequently, diminished erythropoiesis has usually been reported in populations 

experiencing GFR declining conditions14,31. The mineral and bone disorder in CKD is a 

systemic complication affecting the bones, heart, and blood vessels, which typically develops 

in individuals at advanced stages of kidney disease. This disorder results from alterations in 

serum levels of calcium, phosphate, and other related hormones, such as the parathyroid 

hormone, the fibroblast growth factor 23, and calcitriol - the active hormonal form of 

vitamin D14,41–43. High concentrations of phosphate in serum and vitamin D deficiency are 

common among individuals with CKD14,38. The combination of these complications 

ultimately contributes to a higher risk of bone fractures, cardiovascular events, poorer quality 

of life, and mortality when kidney function becomes impaired14,41–43. Regarding metabolic 

acidosis, maintaining the acid-base balance is one of the principal functions of the kidney. 

Therefore, the continuous decrease in GFR may be accompanied by low concentrations of 
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serum bicarbonate, which ultimately could exacerbate not only the progression of CKD but 

also inflammation, and cardiovascular, and bone problems14,44.  

Several interventions have been recommended to prevent complications of CKD, 

particularly the onset of CVD. These interventions align with general population 

recommendations and include smoking cessation, regular physical activity3,13,14,28,38, adopting 

a healthy diet while monitoring dietary sodium and protein intake38, addressing anemia, and 

managing blood pressure, blood glucose, and lipid levels, inflammation, as well as disorders 

of calcium and phosphorus metabolism3,13,14,28,38. 

2. Risk factors for chronic kidney disease 

Several factors have been postulated as predisposing individuals to kidney dysfunction and 

CKD, which can be classified as non-modifiable and modifiable. The latter, often related to 

lifestyle and environmental factors, requires special attention, as it is essential to identify and 

incorporate them into preventive measures to maintain proper kidney health and avoid the 

onset or progression of CKD. An overview of the multifactorial etiology of CKD, in which 

various non-modifiable and modifiable risk factors are potentially coexisting and 

synergistically acting, is described in detail below.  

2.1. Non-modifiable risk factors 

2.1.1. Genetic factors and family history 

Previous evidence suggests a heritable component in the development of CKD45. Genetic 

variations in genes such as APOL1 and MYH9 have been related to a higher risk of CKD45, 

particularly in populations of African ancestry46–48. The APOL1 risk variant has been 

associated with up to a 10 to 17-fold higher risk of end-stage kidney disease in individuals 

with hypertension or glomerulosclerosis, respectively49,50. 

Other variants in genes which have been associated with CKD are GPX1, GSTO1, GSTO2, 

UMOD, and MGP, as reported by Corredor et al. in their study where 38 single nucleotide 

polymorphisms from 31 candidate genes were genotyped in Spanish individuals. Moreover, 

they also identified genes related to biomarkers of kidney function such as GPX1, GSTO1, 

KL, ICAM-1, and MGP for GFR, as well as genes associated with other risk factors of CKD, 

such as hypertension, with variants in GPX4, CYP11B2, ERCC4 genes51. 
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Furthermore, polymorphisms in genes of the renin–angiotensin system have been previously 

suggested, specifically ACE-A2350G and AGTR1-C573T49,52. In addition, mutations in the 

uromodulin gene, encoding the protein named Tamm-Horsfall, have been extensively 

associated as the main cause of one of the subtypes of autosomal dominant tubulointerstitial 

kidney diseases, establishing a connection to kidney function and CKD49,53,54. 

Therefore, a family history of CKD can be considered a risk factor for this disease, given the 

fact that gene variations may be inherited, and culture and lifestyle habits pass down through 

generations. Irrespective of the motive, previous studies examining the familial history of 

CKD in individuals undergoing dialysis treatment and/or with end-stage kidney disease have 

shown a relationship between CKD risk and having close family members with kidney 

disease49,55,56. 

2.1.2. Ethnicity 

CKD appears to vary across ethnicities, as previously alluded to above. African American 

individuals have shown a greater decline in GFR worldwide57–59. Previous evidence has also 

indicated a higher risk of CKD or even end-stage kidney disease in African Americans 

compared to other ethnic groups, such as Caucasians49,60,61.  

However, despite the evidence found in relation to the APOL1 gene and African 

populations50,60, it has been suggested that differences in certain risk factors such as 

socioeconomic status, unhealthy behaviors, or inadequate control of glycemia and blood 

pressure are primarily behind these disparities beyond ethnicity58,61. In fact, recent results 

from The REasons for Geographic And Racial Differences in Stroke (REGARDS) Study 

reported that the higher incidence of CKD and decreased GFR in Black individuals 

compared to White participants were attenuated after adjusting for other traditional risk 

factors such as blood pressure, body mass index (BMI), or history of diabetes62. Thus, it is 

worth mentioning that ethnicity and race in relation to CKD have been a matter of debate 

in recent years63.  

2.1.3. Age 

The aging process substantially affects all organs and their function. As individuals age, 

structural changes occur in the kidneys, resulting in a decrease in the size and number of the 

nephrons, modifications in the interstitial tubule and membrane, and the development of 

glomerulosclerosis64,65. These alterations related to age are termed nephrosclerosis and may 
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contribute to a decline in the function of the kidneys, primarily manifesting as a lower GFR 

and increased albuminuria14,64. The classification of these changes in kidney function as either 

part of the 'normal aging' process or indicative of CKD is a subject of controversy64–66. 

However, there is supporting evidence suggesting that these changes go beyond the natural 

aging process; for example, whereas some older adults exhibit abnormal GFR and 

albuminuria levels, others maintain levels within the normal range14,66. Furthermore, it has 

been asserted that screening for CKD should be conducted in individuals with risk factors 

for this disease and those aged over 50 to 60 years67–69.  

The average GFR level has been estimated at approximately 78-80 ml/min/1.73m2 in 

individuals aged 65 years65,70. Moreover, the decline in GFR appears to be around 0.7–0.9 

ml/min/1.73m2 per year in populations aged between 30 and 75 years and might be even 

faster beyond the age of 75 years71. One of the largest systematic reviews and meta-analyses 

estimating CKD prevalence in observational studies based on data from general populations, 

observed an age-related increase in CKD prevalence. Specifically, this study found a CKD 

prevalence of 27.6% and 34.3% in people aged 60 and 70 years, respectively22. Consistent 

with these findings, the prevalence of CKD was estimated in the Spanish population 

according to age, revealing a rate of 37.3% in those aged 65 years or older25. 

2.1.4. Sex 

Awareness of the role of sex in different medical disciplines, along with the incorporation of 

gender perspective in medicine is currently on the rise. Although there has been some 

progress, there is still a long way to go, particularly in the field of kidney disease, where 

comparative prevalence studies and gender-based risk analysis are limited and needed for a 

more comprehensive understanding72.  

Some findings have pointed out that women seem to show lower GFR17 and, as mentioned 

above, a higher prevalence of CKD73 than men. By contrast, the progression from CKD to 

end-stage kidney disease has been observed to be faster in men than in women72–76. In 

addition, different potential predictors of kidney function according to sex have been 

identified; better kidney function seems to be related to waist circumference and total 

cholesterol/HDL-C ratio in men, whereas triglycerides appear to be related in women77. 

Several factors have been postulated to contribute to these sex-related disparities, including 

differences in kidney physiology and hemodynamics, sex hormones, psycho-socioeconomic 
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and cultural components, lifestyle and dietary habits as well as disparities in healthcare 

utilization72–74,78.  

However, it should be additionally mentioned that there is a lack of agreement between 

studies regarding the contribution of sex to kidney health since not all studies have not found 

significant differences in CKD risk among women and men20,73,79. 

2.1.5. Low birth weight  

The Barker hypothesis, also known as the fetal programming hypothesis, argues that adverse 

conditions during intrauterine development, such as malnutrition, or preterm birth may lead 

to growth deficit of particular organs, with low birth weight as a major indicator. This 

condition has been related to the development of non-communicable chronic diseases later 

in life80–83. Consequently, birth weight has been potentially presented as another risk factor 

for CKD. Low birth weight has been linked to a lower number of nephrons, contributing to 

an increased vulnerability to kidney dysfunction and CKD80,84. Prior findings have indicated 

that there is an association between low birth weight, lower GFR levels85,86, and higher risk 

of CKD87–89. Silverwood et al. estimated that GFR levels increase by approximately 

2.13 ml/min/1.73 m2 per kg increase in birth weight, in a British cohort90.  

2.2. Modifiable risk factors  

2.2.1. Obesity  

The WHO defines obesity as an abnormal or excessive accumulation of fat with health 

implications, often measured through BMI. Where obesity is commonly defined as a BMI 

greater than 30 kg/m2 91. In this context, waist circumference and waist-to-hip ratio are 

additional valuable tools for evaluating fat distribution92. Obesity has been extensively 

discussed to have an important role in CKD as a risk factor4,32,49,78,93–97. In the meta-analysis 

of individual participant data by Chang et al., which included data from 40 countries, higher 

BMI, waist circumference, and waist-to-height ratio were found to be independent risk 

factors for GFR decline and death in people with normal or even decreased GFR98. There is 

also evidence supporting the fact that obesity being a contributor to the risk of end-stage 

kidney disease49,99,100. 

Obesity and adiposity have been related to hyperfiltration, hypertrophy, and, consequently, 

glomerulopathy49,67,78,95,101, as well as increased RAAS activity and synthesis of hormones and 

other pro-inflammatory compounds, which contribute to oxidative stress, endothelial 
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dysfunction, vasoconstriction, and inflammation32,95,101,102. These mechanisms may underline 

the direct impact of obesity on kidney function. Furthermore, obesity may indirectly 

contribute to CKD development through its association with lipotoxicity, insulin resistance, 

adipokine dysregulation89, diabetes, and hypertension89,101. In fact, both diabetes and 

hypertension will be discussed in detail below as they are the most common risk factors for 

the development and progression of CKD.  

In the Obesity Atlas 2024, approximately 2.2 billion people worldwide, comprising over 42% 

of the population, were affected by overweight or obesity in 2020, with this figure projected 

to rise to 3.3 billion by 2035103. Concerning kidney disease, it has been estimated that obesity 

accounts for 20 to 25% of the global burden of CKD101. Obesity prevalence is rapidly 

increasing and poses a significant health concern, particularly due to its association with 

several diseases, including CKD. As such, interventions focused on weight loss and based 

on diet and physical activity are suggested as appropriate measures to improve kidney 

function89,95,104. Other proposed strategies include RAAS blockade, weight loss drugs, 

bariatric surgery, melatonin, prebiotic and symbiotic89,95. 

Given that some of the pathways linking obesity and kidney dysfunction are components of 

metabolic syndrome (MetS), the potential association between MetS and CKD is increasingly 

being explored95,105,106. MetS, which affects approximately 30% of the worldwide 

population107, is a cluster of the following metabolic conditions: abdominal adiposity, high 

blood pressure, elevated triglycerides levels, reduced HDL-C concentrations, and high 

fasting glucose. Criterion has been established that indicates the presence of MetS when at 

least three of these five components mentioned above are present108. It has been reported 

that MetS appears to be related to a higher risk of CKD beyond any of its five components 

that had been individually associated with kidney function105,106,109. In fact, it has been 

estimated that individuals affected by MetS may face a 2.5-fold higher risk of CKD105. 

2.2.2. Diabetes mellitus 

Type 2 diabetes (T2D), the most common type of diabetes mellitus, is a metabolic disorder 

characterized by chronic hyperglycemia – elevated levels of glucose in the blood, which often 

develops in individuals over the age of 40 years, primarily because of insulin resistance110,111. 

Currently, diabetes is considered the principal leading cause of CKD worldwide, as stated in 

numerous scientific articles19,31,49,94,110. In a large systematic review and meta-analysis of 
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observational studies by Shen et al., it was demonstrated that T2D was a strong risk factor 

for CKD, as well as for end-stage kidney disease112. The most widely accepted mechanisms 

by which hyperglycemia might lead to diabetic nephropathy involve hyperfiltration, 

hypertrophy of the kidney, thickening of the glomerular filtration barrier, and subsequent 

damage, along with tubulointerstitial changes and inflammation procedures3,49,113. 

The simultaneous existence of T2D and CKD, coupled with poorly controlled management 

of both diseases, can contribute to the onset of several complications, such as retinopathy, 

diabetic foot issues, end-stage kidney disease, and different cardiovascular outcomes 

(ischemia, arrhythmia, myocardial infarction, or heart failure)114. Maintaining glycosylated 

hemoglobin levels below approximately 7% has been recommended as a means of 

controlling levels of blood glucose in individuals with CKD114,115. 

According to the International Diabetes Federation (IDF), 537 million people worldwide 

had diabetes in 2021, and over 90% of them had T2D116. It has been estimated that among 

adults with T2D, 25% to 40% have CKD94. Moreover, other studies have indicated that 

nephropathy is expected to develop in up to 50% of the individuals having T2D, and kidney 

function decline is expected in 10%49,113. As both T2D and CKD are rapidly increasing94, it 

would be crucial to identify and manage the common lifestyle and modifiable risk factors, 

which will be extensively discussed further below. 

2.2.3. Hypertension 

Hypertension, also referred to as high blood pressure, is widely recognized as one of the 

primary causes of kidney function decline and CKD31,49,96,117. Previous evidence has shown 

that hypertension is associated with the risk of CKD and end-stage kidney disease, with that 

risk being higher in men than in women118. In addition, hypertension and CKD are intricately 

interconnected since kidney dysfunction can lead to complications in the control of blood 

pressure3,119. Therefore, hypertension may be both a risk factor for CKD and an outcome in 

individuals with CKD. 

The transmission of systemic hypertension to the intraglomerular capillaries is presented as 

a potential mechanism behind the impact of hypertension on CKD. It is supposed that 

initially, increased blood pressure causes a vasoconstrictor response in the afferent arterioles 

to maintain normal levels of kidney blood pressure. However, if this condition persists, the 

initial protective process becomes pathological, resulting in glomerulosclerosis32,96, 

UNIVERSITAT ROVIRA I VIRGILI 
DIETARY FACTORS AND KIDNEY FUNCTION: INSIGHTS FROM A POPULATION OF OLDER MEDITERRANEAN ADULTS WITH 
OVERWEIGHT OR OBESITY AND METABOLIC SYNDROME 
Cristina Valle Hita 
 



endothelial complications, changes in the hormonal system120, and ultimately, loss of kidney 

function96. 

Controlling blood pressure is suggested as a suitable intervention to help halt or slow the 

progression of CKD. According to the KDIGO guidelines, maintaining systolic blood 

pressure levels below 120 mm Hg is recommended for individuals with CKD4,121. Dietary 

modifications, such as reducing the intake of sodium or following the Dietary Approaches 

to Stop Hypertension (DASH) diet have been proposed to manage blood pressure96. Besides, 

considering the common elevation of angiotensin II levels in individuals with CKD and 

hypertension, ACEIs or ARBs are the preferred first-line pharmacotherapy for treating 

hypertension in CKD individuals, which should not be taken in combination96,119,121. 

Preceding studies have observed that reducing blood pressure may offer protection against 

CKD progression122,123. 

2.2.4. Smoking 

Tobacco smoking has been widely recognized as a leading cause of preventable deaths 

worldwide, as well as a risk factor for non-communicable diseases124,125. In fact, smoking 

habits have been identified as a potentially detrimental factor to kidney function14,49,78,126–128. 

In the meta-analysis of prospective cohort studies conducted by Xia et al., a significant 

association was reported between cigarette smoking and an increased risk of CKD and end-

stage kidney disease compared with non-smokers in the general population. Moreover, a 

decreased risk of CKD was observed upon cessation of smoking; even though this risk 

persisted for many years in the former smokers126. Other studies have estimated that smoking 

approximately 25 to 49 packs of cigarettes per year could increase the risk of CKD by up to 

42%78, and this risk appears to be accumulative with increased smoking126,129,130. Additionally, 

it has been suggested that not only active smoking, but also passive smoking (i.e., second-

hand smoke) could be relevant131. 

The potential mechanisms by which tobacco smoking could damage kidney function may 

include endothelial dysfunction, vascular permeability, production of extracellular matrix, 

tubular atrophy, glomerulosclerosis as well as pro-inflammation, oxidative stress, and insulin 

resistance126,132. Considering the clear relationship between smoking and CKD, global 

guidelines, such as those from KDIGO, recommend quitting smoking along with other 

lifestyle modification advice to prevent CKD or even avoid its progression4. Some public 

health strategies have been proposed to assist people in smoking cessation, which include 
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social network and media campaigns for smoking cessation, in combination with tobacco 

advertising restrictions, warnings in the packets of cigarettes, increased cigarette taxes, and 

limitations on smoking in public areas and workplaces94. 

2.2.5. Physical activity 

The beneficial impact of physical activity and exercise on health is well-known, as it has been 

extensively related to a reduced risk of various chronic diseases and complications133. These 

benefits have been specifically documented concerning obesity, diabetes, and hypertension, 

among others134,135, which were discussed above as important risk factors for kidney function 

decline and CKD. Hence, physical inactivity could be considered a modifiable and relatively 

addressable risk factor of CKD128,136,137. A recent systematic review and meta-analysis of 

cohort studies has suggested that physical activity diminished the risk of CKD in the general 

population. In addition, physical activity has also been observed to be associated with better 

kidney function in individuals already suffering from CKD138, and provides a more favorable 

prognosis in terms of mortality risk in populations with pre-dialysis CKD139,140. Implications 

on the modulation of insulin resistance, blood pressure, inflammation, oxidative stress 

procedures, endothelial function, adiposity, and adipocytokines production, such as 

adiponectin, are among the potential explanations for how performing physical activity could 

contribute to the protection of kidney function141,142.    

Although the ideal intensity and frequency of physical activity to prevent CKD has not been 

yet determined, the KDIGO guidelines have stated a recommendation for individuals with 

CKD to prevent its progression; thus, a minimum of 150 minutes of moderate-intensity 

physical activity per week, taking into consideration cardiovascular health and tolerance, has 

been indicated4. However, further, more specific, advice includes the following: engage in 

daily physical activity, if possible; incorporate balance, flexibility, and strength activities at 

least two days per week; moderate-intensity aerobic activities for 150 minutes per week, 

vigorous-intensity activities for 75 minutes per week, or a combination of both; and include 

standing or light physical activity to avoid prolonged periods of inactivity143. 

2.2.6. Dietary habits 

There has been a global shift in dietary intake trends over the past few decades, resulting in 

lower consumption of fresh foods such as fruits, vegetables, and legumes, and conversely, a 

notable increase in the consumption of ultra-processed food (UPF)144–146. As a result, this 
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global change has entailed a diet rich in added sugars, salt, saturated and trans fatty acids, 

while simultaneously being low in fiber, vitamins, phytochemicals, antioxidants, and 

minerals147,148. This nutritional transition has been observed to coincide with the rising 

development of non-communicable diseases144,145. As a result, the potential impact of diet, 

along with the other lifestyle factors discussed in this dissertation, on people`s health is 

attracting scientific interest and is becoming increasingly evident. This is crucial for the 

implementation of appropriate preventive measures. 

In the context of kidney function, there is growing evidence supporting the significant effect 

of the diet149,150. Indeed, nutritional therapy is currently a fundamental part of the treatment 

for the control and delay of the progression of CKD to end-stage kidney disease151. 

Nevertheless, dietary recommendations seem to vary slightly depending on the specific goal, 

whether it is to address the onset of CKD, its progression, or end-stage kidney disease128. 

Unfortunately, efforts directed towards preventive measures to avoid CKD are more limited, 

as most scientific research on kidney function is conducted in individuals with some degree 

of impaired kidney function or those having CKD4,128,152. Independently, the role of the diet 

as a risk factor for CKD appears to be clear. In fact, it has been estimated that dietary factors 

could account for more than 24% of the cases of CKD153. Previous studies have highlighted 

both positive and negative health effects of specific food groups in the general population. 

For instance, vegetables, fruits, legumes, nuts, whole grains, and low-fat dairy have been 

identified as beneficial, while sugar-sweetened beverages, and red and processed meat are 

considered detrimental149,150. Nevertheless, scientific literature is placing greater emphasis on 

investigating the diet as a whole (i.e., dietary patterns), as dietary choice involves the 

consumption of a wide variety of foods and nutrients that are not naturally consumed in 

isolation. Thus, this approach could properly capture the combined synergistic impact of all 

the components comprising the diet on kidney function149. Soltani et al. have suggested that 

adhering to a healthier dietary pattern is associated with approximately 30% lower risk of 

kidney disease in the general population150. In addition, certain plant-based diets, such as the 

Mediterranean diet (MedDiet)154,155, the DASH diet155,156, or the vegetarian diet155, have been 

related to improved kidney function or a reduced risk of CKD. The latest 2020 KDOQI 

report on clinical practice guidelines for nutrition in CKD has recommended these dietary 

patterns, particularly the MedDiet, as a reno-protective measure in all stages of this disease, 

in contrast to the restrictive dietary practices that have prevailed in the past157. 

Recommending adherence to these types of diets could convey a simple message to the 

general population and be more easily feasible to follow, offering beneficial effects not only 
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for kidney disease prevention but also for overall health. Furthermore, this could be 

particularly relevant considering that, as noted above, the shift in global nutrition trends has 

resulted in a decrease in adherence to these types of healthy dietary patterns in favor of 

westernized diets144,146. These healthy diets are predominantly plant-based and, in contrast to 

those rich in animal-origin foods, present a low dietary acid load, which has been related to 

GFR and CKD158. In addition, the consumption of UPF, which is a hallmark of Western 

diets, can displace the consumption of healthy fresh foods and may contribute to an increase 

in dietary acid load, with several health consequences, including alterations in kidney 

function147. 

3. A focus on dietary components related to kidney function and CKD 

In view of the current relevance of dietary patterns, dietary acid load, and UPF on kidney 

function and CKD, this section of the doctoral thesis will provide detailed scientific evidence 

on these specific dietary components.  

3.1. Dietary patterns  

Traditionally, nutrition recommendations have been based on individual nutrients or food 

groups. However, this approach has posed some challenges as the overall diet consists of a 

combination of various nutrients and food groups that may interact with each other, 

potentially having synergistic or antagonistic effects on health. Accordingly, there has been a 

shift towards studying dietary patterns, which is considered more appropriate as it takes into 

consideration not only the potential interactions between nutrients but also cultural and 

societal eating habits. Moreover, as following advice on specific nutrients can be difficult for 

individuals, dietary patterns could serve as a more useful guide for dietary 

recommendations159.  

A priori numerical indexes are commonly used in nutritional epidemiology to evaluate dietary 

patterns. These indexes are predefined based on previous evidence and may involve different 

scoring criteria depending on the population's food intake or specific cutoffs in line with 

recommended food intakes. Certain variations of the same a priori dietary pattern have been 

also described. Among all the a priori dietary patterns outlined in the scientific literature, the 

MedDiet and the DASH diet have accumulated the most evidence regarding kidney 

function159.  
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The traditional MedDiet has its origins in the social behaviors and lifestyle of the 

Mediterranean Sea regions. This dietary pattern is characterized by a high intake of fresh, 

seasonal plant-based foods, including fruits, vegetables, legumes, nuts, and minimally refined 

cereals and seeds. Virgin or extra virgin olive oil is used as the primary source of fat, with a 

moderate intake of dairy products and eggs, and a low-to-moderate intake of fish and poultry. 

Red meat intake is limited, and red wine may be consumed in moderation during meals160. 

The DASH diet was developed almost 30 years ago as a potential treatment for lowering 

blood pressure161. This diet includes a high intake of fruits, vegetables, legumes, nuts, whole 

grains, low-fat dairy products, and fish; while limiting red and processed meat, sweets, added 

sugars, saturated fats, and sodium intake162,163. Therefore, both dietary patterns are mainly 

based on plant-origin foods, which are typically rich in unsaturated fats, fiber, plant protein, 

vitamins, and minerals with antioxidant and anti-inflammatory properties160,163. Numerous 

studies have suggested that both the Mediterranean and DASH diets may have potential 

benefits for various health outcomes, which include CVD, mortality, obesity or overweight, 

hypertension, MetS, T2D160,164,165, CKD166, and even cancer or cognitive function, among 

others160. 

Systematic reviews and meta-analyses have reported that healthy plant-based dietary patterns, 

such as the Mediterranean and DASH diets, are significantly associated with improved kidney 

function167, reduced risk of CKD168, lower incidence of CKD and albuminuria169 and a lower 

risk of mortality among individuals with end-stage kidney disease170. In the updated meta-

analysis of observational studies conducted by He et al., participants with a higher adherence 

to healthy dietary patterns had 20% lower odds of having CKD (Odd Ratio (OR)=0.69; 95 

% confidence intervals (CIs) (0.57, 0.84); I2=83%; n=17)168. 

It is worth mentioning that dietary recommendations have primarily been directed towards 

individuals with CKD rather than towards preventing kidney dysfunction. Conventionally, 

these recommendations have focused on controlling the intake of specific nutrients. 

Specifically, it has been recognized for many years that monitoring the amount of protein, 

organic and inorganic phosphorus, potassium, and sodium intake could be crucial for 

individuals with some degree of kidney impairment151,153,171. However, the foods constituting 

the Mediterranean and DASH diets, which have been linked to several kidney benefits, are 

significant sources of organic phosphorus and potassium171. In this context, both minerals 

are supplied by plant-based foods, and it is well-documented that the phytate content of 

these types of foods can inhibit the gastrointestinal absorption of organic phosphorus171,172. 

UNIVERSITAT ROVIRA I VIRGILI 
DIETARY FACTORS AND KIDNEY FUNCTION: INSIGHTS FROM A POPULATION OF OLDER MEDITERRANEAN ADULTS WITH 
OVERWEIGHT OR OBESITY AND METABOLIC SYNDROME 
Cristina Valle Hita 
 



Moreover, plant-based food should not be excluded from a diet aimed at improving or 

maintaining kidney function, as it may help manage hyperkalemia; in fact, some previous 

studies have reported that the treatment of CKD-related metabolic acidosis with fruit and 

vegetable consumption could be better than the standard treatment based on sodium 

bicarbonate supplementation173,174. In addition, restriction of protein intake has generally 

been the focus of dietary practice and trials in people with CKD153,171. Although high protein 

intake has been suggested to increase intraglomerular hypertension and, thus, may contribute 

to hyperfiltration and glomerular damage153,175, the source of protein has become more 

relevant to kidney function than the total quantity of this macronutrient153. This shift is 

mainly a consequence of the potentially beneficial relationship that has been reported 

between CKD and dietary patterns, such as the Mediterranean or DASH, which contain 

higher amounts of plant-derived protein in contrast to reduced animal protein153,156. 

Therefore, while restricting protein intake in the management of CKD progression is 

controversial, it should not be a concern from a preventive standpoint, as long as the source 

of this protein is plant-based. 

3.2. Dietary acid load  

Diet is one of the main components affecting the acid-base balance of the human body; since 

as a result of the metabolism procedure, dietary components can act as precursors of acids 

or alkalis158,176,177. After food ingestion, hydrogen ions are released by the stomach, while the 

digestive system releases alkalis. Subsequently, sulfur-containing amino acids and alkaline 

salts are absorbed in the gastrointestinal tract and oxidized in the liver and other metabolically 

active tissues. This process leads to the release of protons and alkalis, which are considered 

responsible for modifying the acid-base balance158,176. Acid-producing foods are those that 

contain phosphorus, sulfur, and cationic amino acids, such as cysteine, methionine, taurine 

lysine, or arginine. In contrast, alkaline-inducing foods are characterized by their potassium, 

magnesium, calcium, and bicarbonate content176. Therefore, this means that diets high in 

processed animal products and cereals, and low in fruit and vegetables may contribute to the 

acidification of the environment176 (see Figure 4). The modern Western diet, as opposed to 

the Mediterranean or the DASH diet, represents a clear example of such an acid-producing 

diet, commonly characterized by a wide selection of UPF, which ultimately exacerbates this 

acidic effect178.  
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In addition, as previously mentioned, kidneys are the primary organs maintaining the acid-

base balance, along with the lungs and the buffer system. The lungs remove carbon dioxide 

(CO2), working in conjunction with the kidneys, which reabsorb bicarbonate (HCO3-), and 

eliminate ammonium (NH4+) through urine. When this mechanism functions properly, the 

arterial pH is maintained within optimal ranges, typically between 7.35 to 7.45. An alteration 

in this acid-base balance, characterized by a decrease in arterial pH lower than 7.35 or a 

reduction of HCO3- concentrations, is defined as metabolic acidosis176,179. This complication 

has been associated with some adverse effects, including impaired glucose tolerance, 

increased muscle wasting and sarcopenia, decreased bone mineralization and increased bone 

fractures, high blood pressure, and acceleration of the progression of CKD176,180, many of 

which are recognized risk factors for CVD176,179,180. 

There are two main methods to assess dietary acid load, the net endogenous acid production 

(NEAP) and the potential renal acid load (PRAL)158. The NEAP corresponds to the total 

amount of acid that must be excreted in urine to maintain acid-base balance. Thus, NEAP 

can be measured directly in urine or estimated through dietary intake. Specifically, the 

equation for calculating this index involves the amount of protein and potassium intake181.  

NEAP (mEq/d) =
54.5 × Protein (g/d)
Potassium (mEq/d)

− 10.2 

This index interprets increased or diminished values as high or low dietary acid load, 

respectively. 

PRAL could be described as the quantity of diet-derived acids and alkalis, which can be 

estimated for individual foods as well as for the whole diet. PRAL is computed using a 

Figure 4. Acid or base-producing potential of specific food. Source: Medium: 
How can nutrition balance the body’s pH levels?  
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mathematical model that incorporates the content of protein, phosphorus, potassium, 

calcium, and magnesium in the diet182.  

PRAL (mEq/d) = 0.4888 × Protein (g/d) + 0.0366 × Phosphorus (mg/d) 

−  0.0205 × Potassium (mg/d)−  0.0125 × Calcium (mg/d)

− 0.0263 × Magnesium (mg/d)   

Positive values of PRAL are indicative of acidic foods or a high acid load in the diet; 

conversely, a negative value indicates basic foods or a low acid load in the diet176.  

Previous evidence has indicated that dietary acid load appears to have a relevant impact on 

the risk, progression, and morbidity of CKD158. Mofrad et al. led a systematic review and 

meta-analysis of observational studies evaluating the association between dietary acid load, 

kidney function, and risk of CKD. These authors found that acid load in the diet was 

significantly associated with a higher risk of CKD (1.31; 95 % CIs (1.06 to 1.62); I2=77%; 

n=8)183. However, there was a high between-study heterogeneity, which reduced the 

confidence in the effect estimates. Given that most of the research has been conducted on 

populations consisting of healthy young, middle-aged, or people with advanced CKD, and 

that there is limited evidence in high-risk populations, coupled with the fact that all these 

studies are observational, there is a considerable need for further research. This is especially 

important if recommendations based on a diet low in acid load are to be included in future 

guidelines for the prevention of CKD.   

3.3. Ultra-processed food (UPF) 

UPF was defined as ‘formulations of ingredients, mostly of exclusive industrial use, that 

result from a series of industrial processes’ in the 2018 report by Monteiro et al. for the Food 

and Agriculture Organization (FAO) of the United Nations184. Therefore, UPF is obtained 

through sophisticated industrial processing techniques, such as hydrogenation, hydrolysis, 

extrusion, molding, or pre-frying. In addition, this procedure typically involves the addition 

of various components such as simple sugars or non-caloric artificial sweeteners, oils and 

fats, salt, artificial colors, flavors, emulsifiers, stabilizers, and other additives. Consequently, 

this type of food has some notable characteristics, including high palatability, which could 

potentially lead to addictive eating behavior, long shelf-life, relative microbiological safety, 

and convenience as ready-to-consume, affordable, and accessible products184. 
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Industrial food processing began almost two centuries before the definition of UPF, with 

the development of techniques such as pasteurization and canning, which aimed to produce 

more shelf-stable products. However, concerns have arisen in recent decades due to the high 

degree of processing that alters the food matrix, resulting in UPF with a high energy density 

and poor nutritional quality178. Hence, consuming this type of food generally results in a 

higher intake of total energy, total, saturated and trans-fats, free sugar, and salt. In contrast, 

it leads to a lower intake of dietary fiber, unsaturated fats, vitamins, minerals, and other 

beneficial phytochemicals178,184. Furthermore, there has been a significant shift in dietary 

habits over the last few decades. The westernization of diets has led to a problematic increase 

in the consumption of UPF and a decrease in the consumption of less-processed foods 

worldwide147. This fact has coincided with the increasing prevalence of non-communicable 

diseases, suggesting a potential role of UPF in their development. In particular, previous 

evidence has shown significant associations between UPF and various health conditions, 

including all-cause and cause-specific mortality, CVD, diabetes, cancer, cognitive 

impairment, gastrointestinal disorders, overweight, obesity, body composition, and fat 

deposition147,178,185,186.    

Several methods have been proposed to categorize foods based on their degree of industrial 

processing147,184. However, the NOVA classification system has been considered a more 

precise, clear, and practical tool than other classification systems, which may partially explain 

its widespread use in nutritional epidemiological research184,186. This system classifies food 

into four groups (see Figure 5): 

 

 

 

 

 

 

 

Figure 5. The NOVA classification system. Source: Crimarco A, Landry MJ, Gardner CD. 
Ultra-processed Foods, Weight Gain, and Co-morbidity Risk. Curr Obes Rep. 2022;11(3):80-92. 
doi:10.1007/s13679-021-00460-y 
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- NOVA Group 1 - Unprocessed and minimally processed foods: Unprocessed or natural 

foods are the parts of plants, animals, fungi, algae, and water, which have been sourced 

as is from nature. Minimally processed foods are natural foods slightly altered by 

removing inedible or unwanted parts, as well as through processes such as drying, 

crushing, fractioning, filtering, roasting, boiling, non-alcoholic fermentation, 

pasteurization, and vacuum packaging, among others184,186. 

 

- NOVA Group 2 - Processed culinary ingredients: Substances obtained directly from 

group 1 foods or from nature through industrial processes, such as pressing, refining, 

grinding, or drying184,186. 

 

- NOVA Group 3 - Processed foods: Products that have undergone preservation 

techniques, such as canning, bottling, and non-alcoholic fermentation, and to which salt, 

oil, sugar, or other substances from group 2 to group 1 food have been added184,186. 

 

- NOVA Group 4 - UPF: The definition of UPF was presented at the beginning of this 

section. This group includes foods such as baked goods (pastries, cookies, biscuits, 

cakes), dairy products (ice-cream, sugar or artificial sweetened yoghurts, ultra-processed 

cheese), reconstituted meat products (sausages, burgers, nuggets), sugary products 

(candies), sugar-sweetened beverages, industrial pizzas, noodles, instantaneous soups, 

dessert, etc.184,186. 

In the last few years, a special interest has emerged regarding the potential relationship between 

UPF consumption and kidney health. Although the evidence to date is limited, findings suggest 

that consuming UPF is associated with lower levels of GFR187,188 and increased risk of decline 

in kidney function188,189 and incidence of CKD188,190–192. However, similar to the uncertainty 

surrounding dietary acid load, it is unclear whether this relationship also applies to older adults 

at high risk, as most studies have been conducted in other populations and utilized an 

observational design. It would be particularly important to clarify the potential impact of UPF 

on kidney health, considering that recommendations to reduce the consumption of UPF could 

be a simple and understandable message to spread to the general population. 
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II. Justification 
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II. JUSTIFICATION 

The gradual decline in kidney function can eventually lead to developing CKD. As previously 

stated, CKD has emerged as a major public health concern over the last few decades, 

affecting a growing and substantial number of people around the world. The mortality rate 

associated with CKD is also steadily increasing and is predicted to become one of the leading 

causes of death in the coming years. In addition, CKD is considered an important risk factor 

for CVD, which is currently the biggest cause of mortality globally. CKD has also been 

related to a reduced quality of life and life expectancy. Beyond its health impact, it is worth 

noting that CKD also represents a huge economic burden on healthcare, mainly because it 

is a clinically silent disease that goes undetected in the early stages, yet requires more invasive 

and costly treatments and even hospitalization when symptoms manifest. Therefore, it is 

imperative to promptly address this health issue by identifying potential modifiable risk 

factors for the decline in kidney function to be able to implement effective and appropriate 

evidence-based preventive strategies.  

Scientific evidence has identified several lifestyle factors, such as diet, smoking, and physical 

activity, as modifiable risk factors affecting the development of CKD. These factors may 

directly or indirectly impact kidney function, since they are also linked to hypertension, T2D, 

obesity, and MetS, which are widely recognized as the main risk factors of CKD. 

Consequently, adopting healthier lifestyle behaviors could be the key to preventing not only 

the onset of CKD, but also the progression to more advanced stages and ultimately end-

stage kidney disease. 

Among these lifestyle risk factors, dietary habits appear to play a crucial role in the prevention 

and management of CKD. In the past, nutritional epidemiology research has focused mainly 

on individual nutrients or foods, overlooking the potential interactions between the different 

components of the overall diet. However, in recent years, there has been a shift towards 

evaluating dietary patterns as a more comprehensive approach to assessing diet and how it 

may contribute to a particular health condition or disease outcome. Few epidemiological 

studies have suggested that healthy dietary patterns, such as the Mediterranean or the DASH 

diets, are associated with better kidney function and lower risk of CKD. These dietary 

patterns are characterized by a low dietary acid load due to their food composition. 

Accumulating evidence has also reported a statistically significant association between dietary 

acid load and kidney function as well as CKD risk. Unfortunately, the nutrition transition 

has resulted in a change from more nutritious, locally-sourced, and traditional home-cooked 
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diets to Western diets with significant amounts of UPF, which in turn have a high dietary 

acid load. The consumption of UPF has been considered harmful for various non-

communicable diseases, such as CVD, hypertension, diabetes, and cancer. However, only a 

few studies in the last two years have investigated the possible relationship between UPF and 

kidney function or CKD, suggesting that UPF may also contribute to damaging kidney 

function.  

It is crucial to have solid scientific evidence before promoting specific dietary patterns or 

diets with a particular level of dietary acid load as well as recommending a reduction in UPF 

consumption with a view to benefit kidney function. Even though there is a growing body 

of epidemiological studies evaluating the associations between these dietary factors and 

kidney function decline or CKD, most of the studies have focused on healthy young or 

middle-aged adults, or people with established CKD. Furthermore, the findings of these 

studies have been inconclusive, with some showing significant results and others not. There 

is therefore a need for further in-depth research, especially in older adult populations who 

may have additional underlying comorbidities that increase their risk of developing kidney 

disease. 

Global dietary guidelines for kidney health have traditionally been based on quantities of 

individual nutrients or foods, such as protein, phosphorus, potassium, or sodium, and have 

primarily been aimed at individuals with kidney dysfunction or diagnosed with CKD. 

However, primary prevention is fundamental not only to reduce the comorbidities and 

mortality related to CKD but also to diminish the huge social and healthcare economic costs 

(derived from the invasive and costly treatments). Besides, advice that focuses on a certain 

amount of specific nutrients may be more challenging for the general population to follow 

than the simple message of adhering to a healthy eating pattern or emphasizing the 

consumption of unprocessed or minimally processed foods. 

Therefore, taking into consideration what has been discussed in this section, the current 

doctoral thesis sought to provide new insights into the potential role of certain modifiable 

dietary factors - including dietary patterns, dietary acid load, and UPF - on kidney function, 

using data from the PREDIMED-Plus trial, as an observational cohort study. This trial 

represents an excellent opportunity to thoroughly investigate these associations in older 

adults with overweight or obesity and MetS, who are also at increased risk of CKD. 
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III. Hypothesis and aims 
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III. HYPOTHESIS AND AIMS 

Hypothesis 1: High adherence to a priori healthy dietary patterns might be associated with 

better kidney function in a Mediterranean population of older adults with overweight or 

obesity and MetS. 

• Objective 1: To evaluate the association between one-year changes in the adherence 

to three a priori dietary patterns (17-item energy-reduced Mediterranean Diet 

(erMedDiet) Score, Trichopoulou-MedDiet and DASH) and kidney function decline 

after one-year of follow- up.  

• Objective 2: To assess the association between one-year changes in the Protein Diet 

Score and kidney function after one-year of follow- up. 

Hypothesis 2: Higher dietary acid load might be associated with worse kidney function in a 

Mediterranean population of older adults with overweight or obesity and MetS. 

• Objective 1: To investigate the association between baseline PRAL and NEAP and 

one-year changes in kidney function. 

Hypothesis 3: Consumption of UPF might decrease kidney function in a Mediterranean 

population of older adults with overweight or obesity and MetS. 

• Objective 1: To assess the association between UPF consumption and kidney 

function at baseline. 

• Objective 2: To evaluate the association between one-year changes in UPF 

consumption and kidney function over 3-years of follow-up. 
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IV. Material and methods 
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IV. MATERIAL AND METHODS 

The current doctoral thesis is a compendium of three original articles published in 

international peer-reviewed scientific journals in the field of nutritional epidemiology. All 

chapters within this thesis encompass a blend of cross-sectional and prospective 

observational studies conducted as part of the PREDIMED-Plus clinical trial. 

1. The PREDIMED-Plus study 

1.1. Main objective of the PREDIMED-Plus study 

The PREDIMED-Plus (trial registration number: ISRCTN89898870) study is an ongoing 8-

year parallel-group, multi-center and randomized controlled clinical trial conducted in 23 

Spanish centers, aiming to assess the effect of an intensive lifestyle weight loss intervention, 

based on an energy-restricted MedDiet, physical activity promotion and motivational 

behavior changes, on CVD morbi-mortality in a population of older adults with overweight 

or obesity and MetS. This intervention group is compared to a control group with usual care 

advice, which involves a healthy energy non-restricted MedDiet. The project was approved 

by the Institutional Review Boards of each participating center in accordance with the ethical 

principles on human research established in the Declaration of Helsinki, and written 

informed consent was provided by all participants before starting the study.   

The primary outcomes of the trial include to evaluate the incidence of CVD events (non-

fatal myocardial infarction, non-fatal stroke, or cardiovascular death) and weight change, 

which includes both weight loss and long-term weight-loss maintenance. Other secondary 

outcomes involve assessing waist circumference and adiposity-related conditions, such as 

total mortality, myocardial infarction, stroke, heart failure, atrial fibrillation, peripheral artery 

disease, T2D, incidence of overall and some specific types of cancer (breast, colorectal, 

prostate, lung and stomach), osteoporotic fractures, cholelithiasis, cataracts, 

neurodegenerative disorders (dementia and Parkinson's disease), unipolar depression, and 

eating behavior disorders. In addition, intermediate outcomes including overall dietary 

patterns and nutrient intake, blood pressure, several biochemical indicators such as serum 

lipid concentrations, fasting plasma glucose, C-reactive protein, glycosylated hemoglobin, 

kidney function, uric acid, liver function, pharmacological treatment, quality of life, and 

psychopathological symptoms, are also evaluated in this trial.   
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1.2. Study design  

The participants were recruited between October 2013 and December 2016 by different 

research institutes, universities, hospitals and primary health care centers located in Alicante, 

Barcelona, Córdoba, Granada, Jaén, Las Palmas de Gran Canaria, León, Madrid, Málaga, 

Navarra, Palma de Mallorca, Reus, Sevilla, Valencia, and Vitoria. The study included 

community-dwelling men (aged 55 to 75 years) and women (aged 60 to 75 years) who were 

free from CVD at enrollment, but at high CVD risk. The inclusion criteria were having 

overweight or obesity (BMI 27–40 kg/m2) and meeting at least three components of the 

MetS criteria, in accordance with the guidelines from the American Heart Association, the 

National Heart, Lung and Blood Institute and the International Diabetes Federation108.   

Moreover, the following exclusion criteria were considered: 

- Previous history of CVD (angina pectoris, myocardial infarction, stroke, 

symptomatic peripheral artery disease, ventricular arrhythmias, uncontrolled atrial 

fibrillation, congestive heart failure, hypertrophic cardiomyopathy and aortic 

aneurism). 

- Cancer diagnosis, whether in the present or past, within the last 5 years (excluding 

non-melanoma skin cancer). 

- Previous weight-loss surgery or plans to undergo bariatric surgery within the next 12 

months. 

- History of small or large bowel resection or inflammatory bowel disease. 

- Obesity with a recognized endocrine origin, excluding treated hypothyroidism. 

- Immunodeficiency or HIV-positive status. 

- Cirrhosis or severe liver failure. 

- Severe psychiatric disorders: schizophrenia, bipolar disease, eating disorders, or 

depression with hospitalization within the last 6 months. 

- Co-morbidity condition with limited life expectancy less than one year. 

- History of vital organ transplantation. 

- Acute infection or inflammation (e.g., pneumonia) resolution within the last 3 

months. 

- Concurrent treatment with immunosuppressive drugs, cytotoxic agents, or 

corticosteroids. 

- Present use of weight loss medication. 
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- Chronic alcoholism, problematic use of alcohol or total alcohol intake >50 g/d, or 

illegal drug abuse within the past 6 months. 

- Illiteracy, inability or unwillingness to give written consent or communicate with the 

study staff. 

- Impossibility to follow the recommended diet due to religious reasons, swallowing 

problems or food allergy with hypersensitivity to any of the components of the 

dietary intervention. 

- Inability to attend the scheduled intervention visits. 

- Limited likelihood of modifying dietary habits according to the Prochaska and 

DiClemente stages of change model. 

- Enrollment in another weight loss program with >5kg weight loss within 6 months 

before the selection visit. 

- Participation in another ongoing randomized clinical trial. 

- Any additional condition that could interfere with compliance to the study protocol.  

The design of the PREDIMED-Plus study is depicted in Figure 6. The recruitment 

process started by identifying potential participants from the clinical records through 

physicians at primary health care centers. After giving their consent, the names and telephone 

numbers of the candidates were sent to the PREDIMED-Plus investigators, who contacted 

them and briefly explained the study by a telephone call. If they were still interested in 

participating, a face-to-face interview was scheduled, where a more detailed description of 

the characteristics and objectives of the study was provided.  

 

 

 

 

 

 

 

 

Figure 6. Design of the PREDIMED-Plus study 
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During this first screening visit, if the candidates finally agreed to participate, written 

informed consent was obtained, and blood pressure, anthropometric measurements 

(including height, weight, and waist circumference), lifestyle habits and medical history were 

collected. Additionally, trained staff were responsible for conducting a 3-day prospective 

food record on two working days and one non-working, questionnaires on physical activity, 

clinical-psychopathology and quality of life, and provided self-monitoring records on body 

weight, waist and hip circumference to be completed and returned at the last screening visit. 

Finally, if the eligibility criteria were met and candidates correctly fulfilled and returned the 

administered questionnaires and records in the last screening visit, an invitation to attend 

the baseline visit was scheduled.  

A total of 6874 participants attended the baseline visit and were randomly and equally 

assigned in a 1:1 ratio to one of the two intervention groups, using a centrally controlled, 

computer-generated random number system. Stratification by center, sex, and age group 

(<65, 65-70, >70 years) was performed for the random assignment of participants, and 

couples both meeting the eligibility criteria and living in the same household were 

randomized together as clusters. 

Briefly, the participants of the PREDIMED-Plus trial underwent:  

- Intervention group: An energy-reduced MedDiet, with a 30% energy reduction 

(~600 kcal/day according to each participant’s basal metabolic rate and physical 

activity level) to promote weight loss, in combination with physical activity 

promotion and behavioral support. 

- Control group: An energy non-restricted traditional MedDiet advice. 

Trained PREDIMED-Plus dieticians were mainly responsible for the dietary interventions 

and conducted periodical group sessions of informative talks regarding lifestyle-related topics 

and motivational aspects. Moreover, participants were provided, free of charge, extra virgin 

olive oil and raw nuts to reinforce their adherence and compliance to the intervention, 

regardless of the assignment group.  

2. Study population for the analyses 

2.1. Study design and participant selection 

For the present dissertation, data from all randomized PREDIMED-plus participants was 

used as if it was an observational cross-sectional or prospective cohort study: 
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Sample for analyses considering dietary patterns as an exposure: A total of 5,675 

participants were included. Participants without completed food frequency questionnaire 

(FFQ) information (n=777) and reporting implausible total energy intake (<800 and >4,000 

kcal/day in men and <500 and >3,500 kcal/day in women) (n=160) at baseline and at a one-

year of follow-up were excluded. Moreover, individuals with missing data on SCr (n=262) at 

baseline and at a one-year of follow-up to determine kidney function were additionally 

excluded. 

Sample for analyses considering dietary acid load as an exposure: From all the 

participants randomized to the PREDIMED study, a total of 5,874 participants were 

included in the estimated-GFR (eGFR) analysis and 3,639 in the UACR analysis. Those 

individuals without completed FFQ information and reporting implausible total energy 

intake (n=254) at baseline were excluded. Moreover, participants with missing data on SCr 

(n=746) or urine albumin and creatinine (n=2,981) at baseline and at one-year of follow-up 

to estimate eGFR or UACR biomarkers of kidney function, respectively, were excluded. 

Sample for analyses considering UPF as an exposure: A total of 1,851 participants were 

included in the cross-sectional analysis and 1,700 participants in the longitudinal analysis. 

Those participants who did not complete the FFQ and who also reported implausible total 

energy intakes according to the predefined limits applied in both previous analyses at baseline 

(n=58) and at one-year of follow-up (n=209) were excluded. We also excluded individuals 

with missing data on CysC at baseline (n=4,965) to determine kidney function. 

2.2. Data collection 

2.2.1. Dietary assessment 

Dietary intake was assessed at baseline and yearly during the follow-up using a validated 143-

item semi-quantitative FFQ193 (see Appendix 4). During a face-to-face interview, trained 

dieticians asked the participants about their frequency of consumption of food items over 

the preceding year. The nine possible answers, ranging from never or almost never to more 

than six times per day, were recorded in standard portion sizes and subsequently converted 

to grams per day by multiplying serving sizes according to their frequency of consumption 

and dividing the findings by the assessed period. Total daily intake of energy, nutrients, and 

food groups were calculated using Spanish food composition tables194,195. 

A validated 17-item erMedDiet questionnaire196 was used to assess the degree of adherence 

to an erMedDiet (see Table 3). Each item in this erMedDiet questionnaire was assigned a 
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score of 1 or 0 points, based on whether the criterion was met or not, respectively. 

Consequently, the overall score ranged from 0 to 17 points, indicating either no adherence 

or the highest adherence to an erMedDiet, respectively. 

Table 3. 17-item questionnaire of adherence to an energy-reduced Mediterranean Diet 
Foods and frequency of consumption Criteria for 1 point 
1. Do you use extra-virgin olive oil as the main culinary fat?  Yes 
2. How many servings of vegetables do you consume per day? (Count garnish and 
side servings as ½ point; 1 serving=200g) ≥ 2 

3. How many pieces of fruit or 100% natural fruit juice do you consume per day?  ≥ 3 
4. How many servings of red meat, hamburgers, or meat products (ham, sausages, 
etc.) do you consume per week? (1 serving=100-150g) ≤ 1 

5. How many servings of butter, margarine, or cream do you consume per week? 
(1 serving=12g)  < 1 

6. How many sugar-sweetened beverages (sodas, tonic waters, energy drinks, fruit 
juices with added sugar) do you consume per week? < 1 

7. How many servings of legumes do you consume per week? (1 serving=150g) ≥ 3 
8. How many servings of fish/shellfish do you consume per week? (1 serving=100-
150g, or 4 – 5 pieces of fish, or 200g of shellfish) ≥ 3 

9. How many times per week do you consume pastries, such as cookies, sweets, or 
cakes? < 3 

10. How many times per week do you consume nuts? (1 serving=30g) ≥ 3 
11. Do you preferentially consume chicken, turkey, or rabbit meat instead of beef, 
pork, hamburgers, or sausage?  Yes 

12. How many times per week do you consume vegetables, pasta, rice, or other 
dishes seasoned with sofrito (sauce made with tomato and onion, leek or garlic and 
simmered with olive oil) 

≥ 2 

13. Do you add sugar to beverages (coffee, tea)? No/use of artificial 
sweeteners 

14. How many servings of white bread do you consume per day? (1 serving=75 g)  ≤ 1 
15. How many servings of whole grains (bread, rice, pasta) do you consume per 
week? ≥ 5 

16. How many servings of refined bread, rice, and/or pasta do you consume per 
week? < 3 

17. Do you drink wine? How much do you consume per week? (One glass=100ml) Men: 2-3 glasses/day 
Women:1-2 glasses/day 

2.2.2. Ascertainment of the kidney function  

Fasting blood samples were obtained at baseline and at years 1 and 3 by PREDIMED-Plus 

nursing staff. After collection, blood samples were immediately centrifuged, processed, and 

stored at -80ºC according to the study protocol. Urinary creatinine and albumin 

concentrations were determined using routine laboratory methods from spot morning urine 

samples collected at baseline and one-year following overnight fasting. SCr levels were 

determined by the enzymatic creatinine assay method (coefficient of variation < 4%). CysC 

concentrations were determined by Siemens Atellica NEPH 630 (Siemens Healthineers, 

Marburg, Germany) nephelometer using the Atellica CH CYSC_2 (Siemens Healthcare 
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GmbH) assay with a limit of quantitation of 0.25 mg/L and an intra- and interassay 

coefficient of variation <10%.  

The eGFR was indirectly estimated from SCr (chapter 1 and 2) or CysC (chapter 3) using the 

CKD-EPI equation8,197 for Caucasian individuals (see Table 4).  

Table 4. CKD-EPI equations8,197 for estimating glomerular filtration rate according to 
serum creatinine or cystatin C biomarkers 
CKD-EPI formula for SCr biomarker  
Women with SCr ≤0.7 mg/dL eGFR = 144 x (SCr/0.7)-0.329 x 0.993Age 
Women with SCr ≥0.7 mg/dL eGFR = 144 x (SCr/0.7)-1.209 x 0.993Age 
Men with SCr ≤0.9 mg/dL eGFR = 141 x (SCr/0.9)-0.411 x 0.993Age 
Men with SCr ≥0.9 mg/dL eGFR = 141 x (SCr/0.9)-1.209 x 0.993Age 
CKD-EPI formula for CysC biomarker 
Women with CysC ≤0.8 mg/dL eGFR = 133 x (SCr/0.8)-0.499 x 0.996Age x 0.932 
Women with CysC ≥0.8 mg/dL eGFR = 133 x (SCr/0.8)-1.328 x 0.996Age x 0.932 
Men with CysC ≤0.8 mg/dL eGFR = 133 x (SCr/0.8)-0.499 x 0.996Age  
Men with CysC ≥0.8 mg/dL eGFR = 133 x (SCr/0.8)-1.328 x 0.996Age  
eGFR, Glomerular Filtration Rate; CysC, Cystatin C; SCr, Serum Creatinine. 
 

One-year changes in eGFR were performed by subtracting eGFR at one-year minus eGFR 

at baseline. Decreased kidney function was defined as eGFR lower than 60 ml/min/1.73m2. 

Decline in eGFR (≥ 10%) was estimated using the following formula:  

Baseline eGFR - One-year eGFR
Baseline eGFR

 × 100 

Urinary creatinine and albumin concentrations were determined using routine laboratory 

methods spot morning urine samples collected at baseline and at one-year, following the 

overnight fasting. UACR was calculated by dividing urine albumin (mg/l) by urine creatinine 

concentrations (mg/l). One-year changes in UACR were also calculated by subtracting values 

at one-year minus values at baseline. UACR increase (≥10%) was estimated by applying the 

formula:  

Baseline UACR- One-year UACR
Baseline UACR

 × 100 

2.2.3. Assessment of other lifestyle and clinical variables 

At baseline, 6 months, and yearly during the follow-up, PREDIMED Plus-trained staff 

collected personal and medical data including age, education level, socioeconomic status, 

occupation, family history of disease, history of illnesses, cardiovascular risk factors, smoking 

and alcohol use, medication use, new-onset cardiovascular events, and other medical 
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conditions through general and follow-up questionnaires as well as by reviewing medical 

records. 

The validated REGICOR (Registre Gironí del Cor) Short Physical Activity Questionnaire 

for adult population198 adapted from the Minnesota Leisure Time Physical Activity 

Questionnaire (MLTPAQ) was used to record not only the type of physical activity but also 

its frequency (number of days) and duration (minutes per day). The sum of frequency and 

duration was calculated, and the result was subsequently divided by 30 to obtain daily physical 

activity in minutes. The intensity of specific activities (in metabolic equivalent task, MET) 

was assigned based on the 2015 Compendium of Physical Activity. Finally, physical activity 

was further classified into three levels: light (< 4.0 MET), moderate (4 ± 5.5 MET), and 

vigorous (≥ 6.0 MET).  

Anthropometric measurements and blood pressure were collected during the interviews by 

study dieticians using standardized techniques and calibrated scales. Weight (in kg) and height 

(in m) were measured with light clothing and without shoes or accessories, using calibrated 

scales and a wall-mounted stadiometer, respectively. Subsequently, BMI (in kg/m2) was 

calculated by dividing the weight by the square of the height. Waist circumference (in cm) 

was also collected by identifying the midpoint between the lowest rib and the iliac crest using 

an anthropometric tape. A validated oscillometer (Omron HEM705CP, Hoofddorp, 

Netherlands) was used to measure blood pressure in triplicate, awaiting a 5 minutes interval 

between each measurement, and then, the mean of these values was recorded. 

As previously mentioned, biological samples were collected after an overnight fast. In 

addition to the determinations of kidney function biomarkers, a complete blood count and 

routine biochemical measurements were performed. These included glucose, glycosylated 

hemoglobin, total cholesterol, HDL-C, LDL-C, triglycerides, calcium, sodium, potassium, 

uric acid, urea, albumin, C-reactive protein, erythrocyte sedimentation rate, and hepatic 

function biomarkers (bilirubin, alkaline phosphatase, and transaminases). 

An overview of the PREDIMED-Plus data collection scheduled per visit, which was used 

for the current doctoral dissertation, is presented below (see Table 5). 
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3. Statistical analyses 

A comprehensive explanation of the statistical analyses performed in the current doctoral 

thesis has been described in the results section of each respective publication. All statistical 

analyses were conducted using STATA statistical software, versions 14.0 and 17.0 

(StataCorp, Texas, USA). The level of significance for all statistical tests was P < 0.05 for 

bilateral contrast. 

In brief, in all the papers, 

- ANOVA and Pearson chi-square tests were used to compare the differences between 

continuous and categorical variables among the study participants, respectively. 

- Multivariable linear (β-coefficients and 95% confidence intervals (CIs)) or logistic 

(ORs and 95% CIs) regression models adjusted for potential confounder factors were 

performed to assess the association between the main exposures (dietary patterns, 

dietary acid load, ultra-processed food) and kidney function. 

- Linear mixed-effects linear (β-coefficients and 95% CIs) regression models with 

random intercepts at recruitment center, cluster family and participant level were 

conducted to assess the longitudinal associations between the specific exposure and 

kidney function over time.  

- Tests for linear trend were conducted by assigning the median value to each category 

and modeling it as a continuous variable 

- Statistical interactions between categories of exposure and covariates were explored 

by means of likelihood ratio tests, comparing the most adjusted model with and 

without cross-product terms (all interactions, p > 0.05).

Table 5. Data collection in the PREDIMED-plus Study visits 
 Screening Baseline Year 1 Year 3 
Eligibility questionnaire X    
General questionnaire  X X X 
Anthropometric measurements X X X X 
143-item FFQ  X X X 
17-items erMedDiet questionnaire  X X X 
Physical activity questionnaire X X X X 
Blood pressure measurement X X X X 
Blood sample collection  X X X 
Urine sample collection  X X X 
Anthropometric measurements included weight, height, waist and hip circumference. 
Abbreviations: FFQ, food frequency questionnaire; erMedDiet, energy-reduced Mediterranean Diet. 
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V. RESULTS 

The three published original articles which are part of the results of this thesis are presented 

in Table 6.  

Table 6. Reference, impact factor, category and journal rank of the publications presented in 
the current doctoral thesis 
Reference Impact 

factor 
Category Journal rank 

Chapter 1 
Valle-Hita C, Díaz-López A, Becerra-Tomás N, et 
al. Prospective associations between a priori dietary 
patterns adherence and kidney function in an 
elderly Mediterranean population at high 
cardiovascular risk. Eur J Nutr.   2022;61(6):3095-
3108. doi:10.1007/s00394-022-02838-7 

5.0 
Nutrition 

& 
dietetics 

28/88 
(Q2) 

Chapter 2 
Valle-Hita C, Becerra-Tomás N, Díaz-López A, et 
al. Longitudinal association of dietary acid load 
with kidney function decline in an older adult 
population with metabolic syndrome. Front Nutr. 
2022;9:986190. Published 2022 Sep 30. 
doi:10.3389/fnut.2022.986190 

5.0 
Nutrition 

& 
dietetics 

28/88 
(Q2) 

Chapter 3 
Valle-Hita C, Díaz-López A, Becerra-Tomás N, et 
al. Associations between ultra-processed food 
consumption and kidney function in an older adult 
population with metabolic syndrome. Clin Nutr. 
2023;42(12):2302-2310. 
doi:10.1016/j.clnu.2023.09.028 

6.3 
Nutrition 

& 
dietetics 

14/88 
(Q1) 

Q, Quartile 
Accessed date: February 28th, 2024 (Journal Citation Reports of the ISI web of Knowledge, Thompson Reuters). 
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Chapter 1. Prospective associations between a priori dietary patterns adherence and 

kidney function in an elderly Mediterranean population at high cardiovascular risk.  

Cristina Valle-Hita, Andrés Díaz-López, Nerea Becerra-Tomás, Miguel A. Martínez-

González, Verónica Ruiz García, Dolores Corella, Albert Goday, J. Alfredo Martínez, Ángel 

M. Alonso-Gómez, Julia Wärnberg, Jesús Vioque, Dora Romaguera, José López-Miranda, 

Ramon Estruch, Francisco J. Tinahones, José Lapetra, Luís Serra-Majem, Naomi Cano-

Ibáñez, Josep A. Tur, María Rubín-García, Xavier Pintó, Miguel Delgado-Rodríguez, Pilar 

Matía-Martín, Josep Vidal, Sebastian Mas Fontao, Lidia Daimiel, Emilio Ros, Estefania 

Toledo, José V. Sorlí, C. Roca, Iztiar Abete, Anai Moreno-Rodriguez, Edelys Crespo-Oliva, 

Inmaculada Candela-García, Marga Morey, Antonio Garcia-Rios, Rosa Casas, Jose Carlos 

Fernandez-Garcia, José Manuel Santos-Lozano, Javier Diez-Espino, Carolina Ortega-

Azorín, M. Comas, M. Angeles Zulet, Carolina Sorto-Sanchez, Miguel Ruiz-Canela, Montse 

Fitó, Jordi Salas-Salvadó and Nancy Babio. 

 

Overview of the novelty and significance of this publication 

What is already known? 

- Healthy dietary patterns, mainly those based on food from plant sources, are inversely 

associated with the incidence of CKD or kidney function decline. However, inconsistent 

results are found in those studies focusing on the relationship between a priori dietary 

patterns (MedDiet or DASH) and kidney function.  

- Most of these epidemiological studies have not been conducted in high-risk populations 

such as the elderly or individuals with cardiometabolic comorbidities. 

 

What does this study add? 

- For the first time, a prospective study examined the association between adherence to 

different a priori defined dietary patterns and kidney function in Mediterranean older 

adults at high cardiovascular risk and found that changes towards greater adherence in 

the 17-item erMedDiet score were positively associated with eGFR and with 38% lower 

odds of eGFR decline. In contrast, no associations were observed with the other dietary 

patterns evaluated.  

- Vegetables, legumes, wine and the sofrito sauce were the individual components of the 

Mediterranean Score that were associated with better kidney function. 

UNIVERSITAT ROVIRA I VIRGILI 
DIETARY FACTORS AND KIDNEY FUNCTION: INSIGHTS FROM A POPULATION OF OLDER MEDITERRANEAN ADULTS WITH 
OVERWEIGHT OR OBESITY AND METABOLIC SYNDROME 
Cristina Valle Hita 
 



Conclusion: 

- Our findings suggest that improvements in dietary habits, through adherence to a 

MedDiet, contribute to maintaining better kidney health. Additionally, this could be 

taken into consideration in future guidelines for CKD prevention. 
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Supplementary table 3. Baseline characteristics of excluded vs included individuals for analysis 
 PREDIMED-Plus participants  
 Excluded Included  
 n=4002 n=5675 p-value 

Baseline 17-item erMedDiet score, 
points 8.5 ± 2.7 8.5 ± 2.7  0.535 

Baseline Trichopoulou MedDiet, points 4.3 ± 1.6 4.4 ± 1.6 0.512 
Baseline DASH, points 23.8 ± 5.2 24.0 ± 5.2 0.271 
Age, years 65.5 ± 5.1 65.0 ± 4.9  <0.01 
Women, % (n) 53.05 (2123) 47.95 (2721) <0.01 
BMI, kg/m2 32.9 ± 3.5 32.5 ± 3.4  <0.01 
PA, METS/min/week 2109.5 ± 2080.9 2537.3 ± 2338.3  <0.01 
Energy intake, kcal/d 2636.2 ± 906.1 2371.2  ± 549.6  <0.01 
Protein intake, % energy 16.7 ± 2.8  16.7 ± 2.8  0.849 
Smoking status, % (n)   <0.01 
Never smoked 48.6 (1945) 44.41 (2520)  
Former smoker 38.6 (1544) 42.9 (2438)  
Current smoker 12.8 (513) 12.6 (717)  
Education level, % (n)   <0.01 
Primary education 45.2 (540) 49.6 (2817)  
Secondary education 28.9 (345) 28.9 (1641)  
Academic or graduate 25.9 (309) 21.4 (1217)  
eGFR, mL/min/1.73m2 84.8 ± 14.3  84.2 ± 13.9  0.167 
CKD, % (n) 5.7 (63) 6.7 (378) 0.229 
Type 2 diabetes, % (n) 30.4 (365) 30.5 (1728) 0.996 
Hypertension, % (n) 79.5 (3182) 84.3 (4781) <0.01 
Hypercholesterolemia, % (n) 69.8 (2795) 69.6 (3951) 0.817 

Abbreviations: Decr/Maint, Decrease/Maintenance; T, tertile; MedDiet, Mediterranean Diet; BMI, Body M  
Index; PA, Physical activity; eGFR, estimated Glomerular Filtration Rate; CKD, Cronic Kidney Dise  
(eGFR<60 mL/min/1.73m2). 
Values are presented as percentages (n) for categorical variables and means ± standard deviations for continuo  
variables. P-value was calculated by chi-square or one-way analysis of variance test for categorical and continuo  
variables, respectively.  
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Chapter 2. Longitudinal association of dietary acid load with kidney function 

decline in an older adult population with metabolic syndrome.  

Cristina Valle-Hita, Nerea Becerra-Tomás, Andrés Díaz-López, Zenaida Vázquez-Ruiz, 

Isabel Megías, Dolores Corella, Albert Goday, J Alfredo Martínez, Ángel M Alonso-Gómez, 

Julia Wärnberg, Jesús Vioque, Dora Romaguera, José López-Miranda, Ramon Estruch, 

Francisco J Tinahones, José Lapetra, Lluís Serra-Majem, Aurora Bueno-Cavanillas, Josep A 

Tur, Vicente Martín-Sánchez, Xavier Pintó,José J Gaforio, Pilar Matía-Martín, Josep Vidal, 

Angela Amengual-Galbarte, Lidia Daimiel, Emilio Ros, Ana García-Arellano, Rocío 

Barragán, Montse Fitó, Patricia J Peña-Orihuela, Alberto Asencio-Aznar, Enrique Gómez-

Gracia, Diego Martinez-Urbistondo, Marga Morey, Rosa Casas, Eva María Garrido-Garrido, 

Lucas Tojal-Sierra, Miguel Damas-Fuentes, Estibaliz Goñi, Carolina Ortega-Azorín, Olga 

Castañer, Antonio Garcia-Rios, Cristina Gisbert-Sellés, Carmen Sayón-Orea, Helmut 

Schröder, Jordi Salas-Salvadó and Nancy Babio.  

 

Overview of the novelty and significance of this publication 

What is already known? 

- The relationship between dietary acid load and kidney function has been evaluated in 

several cross-sectional studies, but in few prospective studies. Given the disparities in 

findings between studies, it is difficult to confirm the apparently negative association that 

some of the investigations have pointed out.  

- These analyses have barely been evaluated in Mediterranean populations at high 

cardiovascular risk. 

What does this study add? 

- This was the first prospective study assessing the association between dietary acid load 

and kidney function by concurrently using eGFR and UACR, the main complementary 

markers of kidney function. 

- We found that higher dietary acid load was associated with changes toward worse eGFR 

and higher odds of eGFR decline and UACR increase. 

Conclusion: 

- This study provides further evidence to recommend a diet low in acid load to improve 

kidney function and, even prevent CKD onset and its progression among older 

individuals with underlying comorbid conditions. 
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Supplementary Table 2. Baseline, one-year, and changes in dietary intake of macronutrients and micronutrients of the 
study population with data on eGFR at 1-year of follow-up (n= 5874). 
 Baseline 1-year Change  
 n= 5874 n=5675 n=5675 P-value 
Carbohydrate intake, g/day 240.9 ± 72.5  209.1 ± 0.8  -31.6 ± 0.9 <0.001 
Protein intake, g/day 97.7 ± 22.0 95.4 ± 0.3 -2.2 ± 0.3 <0.001 
Fat intake, g/day 104.2 ± 28.3 103.7 ± 0.3  -0.7 ± 0.4  0.07 
 Monounsaturated fatty acids, g/day 54.0 ± 16.1  58.7 ± 0.2  4.5 ± 0.2  <0.001 
 Polyunsaturated fatty acids, g/day 18.0 ± 6.6  19.0 ± 0.08  1.0 ± 0.1  <0.001 
 Saturated fatty acids intake, g/day 26.3 ± 8.4  22.8 ± 0.1 -3.5 ± 0.11  <0.001 
Fiber intake, g/day 26.1 ± 8.8 29.8 ± 0.1  3.7 ± 0.1  <0.001 
Phosphorus intake, mg/day 1759.11 ± 419.9 1780.2 ± 5.5 22.5 ± 5.6 <0.001 
Potassium intake, mg/day 4477.0 ± 1079.6 4673.6 ± 13.6 201.3 ± 14.5  <0.001 
Magnesium intake, mg/day 420.4 ± 108.2 453.9 ± 1.5 420.0 ± 1.4 <0.001 
Calcium intake, mg/day 1034.0 ± 347.0 992.9 ± 4.2 -40.1 ± 4.4 <0.001 
Sodium intake, mg/day 2430.0 ± 774.8 2081.1 ± 8.9 -345.8 ± 10.5  <0.001 
Abbreviations:  eGFR, Estimated glomerular filtration rate. Values are presented as means ± standard deviations. P-value was calculated by T-test. 
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Supplementary Table 3. Baseline characteristics of the study population (n= 6,647) according to included or excluded 
individuals from the analysis of eGFR and UACR. 

 eGFR  UACR 
 Excluded Included  Excluded Included  
 n= 773 n= 5874 p-value n= 3008 n= 3639 p-value 
PRAL, mEq/day -5.2 ± 16.1 -5.4 ± 15.6 0.66 -6.0 ± 16.5 -5.0 ± 14.9 0.01 
NEAP, mEq/day 37.1 ± 8.6 37.0 ± 8.1 0.66 36.7 ± 8.4 37.2 ± 8.0 0.01 
Age, years 64.8 ± 5.0 65.0 ± 4.9 0.27 65.1 ± 4.9 64.9 ± 5.0 0.04 
Women, % (n) 400 (51.8) 2818 (48.0) 0.05 54.7 (1646) 43.2 (1572) <0.01 
Intervention group, % (n) 399 (51.6) 2901 (49.4) 0.244 51.2 (1541)       48.3 (1759)  0.02 
BMI, kg/m2 32.8 ± 3.5 32.5 ± 3.4 0.04 32.6 ± 3.5 32.5 ± 3.4 0.11 
PA, METS/min/week 1972.6 ± 1842.9 2528.0 ± 2350.4 <0.01 2326.8 ± 2221.1 2576.4 ± 2364.5 <0.01 
Smoking status, % (n)   0.24   <0.01 

Never smoked 343 (44.4) 2605 (44.4)  47.5 (1430)      41.7 (1518)     
Former smoker 348 (45.0) 2528 (43.0)  40.5 (1219)      45.5 (1657)     
Current smoker 82 (10.6) 741 (12.6)  11.9 (359)       12.8 (464)        

Education level, % (n)   0.10   0.26 
Primary education 379 (49.0) 2891 (49.2)  50.3 (1513)     48.3 (1757)        
Secondary education 204 (26.4) 1714 (29.2)  28.3 (850)      29.4 (1068)       
College/University 190 (24.6) 1269 (21.6)  21.4 (645)      22.4 (814)          

Creatinine 0.8 ± 0.2 0.8 ± 0.2 0.18 0.8 ± 0.22 0.8 ± 0.2 0.731 
eGFR, ml/min/1.73m2 84.6 ± 14.6 84.2 ± 14.0 0.47 83.1 ± 14.5 85.2 ±13.6 <0.01 
UACR, mg/g 21.7 ± 68.6 16.8 ± 48.9 0.05 18.1 ± 59.4 17.1 ± 48.7 0.58 
CKD, % (n) 40 (5.8) 387 (6.6) 0.42 7.3 (214) 5.9 (213) 0.02 
Type 2 diabetes, % (n) 250 (32.3) 1797 (30.6) 0.32 32.7 (983) 29.2 (1064) 0.02 
Hypertension, % (n)  642 (83.1) 4941 (84.1) 0.45 83.6 (2515)       84.3 (3068) 0.44 
Hypercholesterolemia, % (n) 553 (71.5) 4096  (69.7) 0.30 72.4 (2178)        67.9 (2471) <0.01 
Medication use, % (n)       

Lipid-lowering drugs 416 (53.8) 3042 (51.8) 0.29   53.9 (1,622) 50.5 (1836) 0.01 
Oral blood glucose-lowering 
drugs 

216 (28.0) 1528 (26.0) 0.25 28.2 (849) 24.6 (895) <0.01 

Insulin treatment 40 (5.17) 239 (4.1) 0.15 4.5 (136) 3.9 (143) 0.23 
Antihypertensive drugs 583 (75.4) 4625 (78.7) 0.04 77.3 (2324) 79.3 (2884) 0.05 
ARBs 292  (37.8) 2131 (36.3) 0.42 38.0 (1143) 35.2 (1280) 0.02 
ACEis 217 (28.1) 1775 (30.2) 0.22 28.0 (843) 31.6 (1149) <0.01 

Dietary assessment       
erMedDiet score, 17-points 8.6 ± 2.7 8.5 ± 2.7 0.39 8.6 ± 2.7 8.5 ± 2.7 0.12 
Energy intake, kcal/d 2325.2 ± 569.3  2370.5 ± 548.9  0.03 2343.6 ± 553.7  2383.2 ± 549.1  0.01 
Protein intake, % energy 17.1 ± 2.8  16.7 ± 2.8  <0.01 17.2 ± 2.9  16.4 ± 2.7  <0.01 
Fat intake, % energy 39.0 ± 6.9  39.6 ± 6.5  0.02 39.3 ± 6.6 39.8 ± 6.5  <0.01 
Carbohydrate intake, % 
energy 

41.1 ± 7.1  40.5 ± 6.8  0.02 40.9 ± 6.9  40.3 ± 6.8  <0.01 

Fiber intake, g/day 26.1 ± 8.9  26.1 ± 8.8  0.92 26.9 ± 9.0  25.5 ± 8.5  <0.01 
Potassium intake, mg/day 4465.2 ± 1078.5  447.0 ± 1079.6  0.78 4587.0 ± 1119.8  4383.5 ± 1036.0  <0.01 
Calcium intake, mg/day 1037.0 ± 332.7  1034.0 ± 347.0  0.82 1059.8 ± 346.6  1013.4 ± 342.8  <0.01 
Magnesium intake, mg/day 420.5 ± 110.8  420.4 ± 108.2  0.98 429.4 ± 111.00  412.9 ± 105.9  <0.01 
Phosphorus intake, mg/day 1761.3 ± 429.4  1759.1 ± 419.9  0.89 1799.6 ± 428.8  1726.1 ± 411.5  <0.01 
Sodium intake, mg/day 2386.9 ± 798.4  2430.0 ± 774.8  0.15 2419.3 ± 778.1  2429.6 ± 777.4  0.59 

Abbreviations: ACEis, Angiotensin-Converting Enzyme Inhibitors; ARBs, Angiotensin II receptor blockers; eGFR, Estimated Glomerular Filtration Rate; 
erMedDiet, energy-restricted Mediterranean diet, NEAP, Net Endogenous Acid Production; T, tertile; BMI, Body Mass Index; PRAL, Potential Renal Acid 
Load; PA, Physical activity; eGFR, estimated Glomerular Filtration Rate; CKD, Chronic Kidney Disease (eGFR<60 ml/min/1.73m2); UACR, Urine 
Albumin/Creatinine Ratio. Values are presented as percentages (n) for categorical variables and means ± standard deviations for continuous variables. P-
value was calculated by chi-square or one-way analysis of variance test for categorical and continuous variables, respectively.  
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Supplementary Table 4. Multivariable-adjusted β-coefficients and 95% CI for 1-year changes in eGFR (ml/min/1.73m2) 
or 1-year changes in UACR (mg/g) across tertiles and per 1-SD increment of baseline PRAL and NEAP stratified by 
categories of eGFR and UACR. 

PRAL 
 T1 T2 T3 p for 

Trend 
Continuous 

(1 SD⁑) 
Δ in eGFR, ml/min/1.73m2     
eGFR categories      
 ≥ 90 ml/min/1.73m2      
  No. n= 838 n= 838 n= 837  n= 2513 
 Model 1 0 (Ref.) -0.18 (-0.88 to 0.51) -0.50 (-1.18 to 0.18) 0.151 -0.22 (-0.48 to 0.03) 
 Model 2 0 (Ref.) -0.26 (-0.98 to 0.45) -0.70 (-1.41 to 0.01) 0.056  -0.28 (-0.56 to -0.01)* 
 60 – 90 ml/min/1.73m2    
  No. n= 992 n= 991 n= 991  n=2974 
 Model 1 0 (Ref.) 0.05 (-0.74 to 0.84) -0.31 (-1.13 to 0.51) 0.463   -0.12 (-0.46 to 0.21) 
 Model 2 0 (Ref.) 0.04 (-0.75 to 0.84) -0.43 (-1.28 to 0.42) 0.331 -0.18 (-0.53 to 0.17) 
 < 60 ml/min/1.73m2    
  No. n= 129 n= 129 n= 129  n= 387 
 Model 1 0 (Ref.) 0.03 (-2.67 to 2.74)            -0.77 (-3.30 to 1.77) 0.568 -0.40 (-1.35 to 0.56) 
 Model 2 0 (Ref.) 0.80 (-1.95 to 3.57) -0.52 (-3.24 to 2.20) 0.736 -0.24 (-1.30 to 0.81) 
Δ in UACR, mg/g    
UACR categories    
 < 30 mg/g    
 No. n= 1099 n= 1099 n= 1098  n= 3296 
 Model 1 0 (Ref.) -0.13 (-2.06 to 1.80) 0.07 (-1.56 to 1.70) 0.935 0.07 (-0.55 to 0.70) 
 Model 2 0 (Ref.) -0.29 (-2.28 to 1.70) -0.19 (-2.06 to 1.68) 0.835 -0.01 (-0.71 to 0.69) 
 ≥ 30 mg/g    
 No. n= 115   n= 114   n= 114    n=343 
 Model 1 0 (Ref.) -11.17 (-38.85 to 6.50) -24.54 (-50.53 to 1.46) 0.072 -8.54 (-18.15 to 1.07) 
 Model 2 0 (Ref.) -8.52 (-36.46 to 19.41) -30.06 (-58.88 to -1.24)* 0.055 -10.71 (-22.26 to 0.84) 

NEAP 
Δ in eGFR, ml/min/1.73m2       
eGFR categories      
 ≥ 90 ml/min/1.73m2      
  No. n= 838 n= 838 n= 837  n= 2513 
 Model 1 0 (Ref.) -0.28 (-0.98 to 0.41) -0.24 (-0.92 to 0.43) 0.494 -0.20 (-0.45 to 0.06) 
 Model 2 0 (Ref.) -0.36 (-1.07 to 0.35) -0.47 (-1.18 to 0.25) 0.207 -0.31 (-0.58 to -0.03)* 
 60 – 90 ml/min/1.73m2    
  No. n= 992 n= 991 n= 991  n=2974 
 Model 1 0 (Ref.) -0.19 (-0.98 to 0.60) -0.40 (-1.23 to 0.43) 0.344 -0.15 (-0.49 to 0.19) 
 Model 2 0 (Ref.) -0.14 (-0.94 to 0.66) -0.46 (-1.32 to 0.40) 0.287 -0.18 (-0.54 to 0.18) 
 < 60 ml/min/1.73m2    
  No. n= 129 n= 129 n= 129  n= 387 
 Model 1 0 (Ref.) -1.15 (-3.81 to 1.50) -1.10 (-3.73 to 1.54) 0.420 -0.60 (-1.58 to 0.38) 
 Model 2 0 (Ref.) -0.55 (-3.29 to 2.18) -1.07 (-3.85 to 1.71) 0.448 -0.49 (-1.56 to 0.58) 
Δ in UACR, mg/g      
UACR categories      
 < 30 mg/g      
 No. n= 1099 n= 1099 n= 1098  n= 3296 
 Model 1 0 (Ref.) -0.58 (-2.43 to 1.28)  0.11 (-1.66 to 1.89) 0.876 0.10 (-0.55 to 0.75) 
 Model 2 0 (Ref.) -0.64 (-2.30 to 1.02) -0.04 (-1.77 to 1.69) 0.999 0.04 (-0.66 to 0.74) 
 ≥ 30 mg/g      
 No. n= 115   n= 114   n= 114    n=343 
 Model 1 0 (Ref.) -9.54 (-37.37 to 18.29) -27.10 (-37.37 to 18.29) 0.149 -9.56 (-19.69 to 0.56) 
 Model 2 0 (Ref.) -11.65 (-39.66 to 6.35)  -29.71 (-61.06 to 1.65) 0.087 -10.39 (-22.44 to 1.66) 
Abbreviations: eGFR, Estimated glomerular filtration rate; NEAP, Net Endogenous Acid Production; T, tertile; PRAL, Potential Renal Acid Load; UACR, 
Urine albumin/creatinine ratio.  Model 1: adjusted for age (years), sex and baseline eGFR or baseline UACR (in continuous, depending on the main 
outcome). Model 2: additionally adjusted for participating center (categorized into quartiles by number of participants), intervention group 
(treatment/control), body mass index (kg/m2), smoking habits (never, current or former smoker), educational level (primary, secondary education or 
graduate), leisure-time physical activity (METS/min/week in tertiles), diabetes prevalence (yes/no), hypertension prevalence (yes/no) and 
hypercholesterolemia prevalence (yes/no), ARBs (yes/no), ACEis (yes/no), Mediterranean diet adherence (high/low adherence), energy intake (kcal/day in 
tertiles), sodium intake (mg/g in tertiles) and high leukocytes levels (yes/no). *p-value < 0.05. ⁑One SD= 15.6 mEq/d in PRAL and 8.1 mEq/d in NEAP. 
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 Supplementary Table 5. Multivariable-adjusted β-coefficients and 95% CI of 1-year changes in eGFR (ml/min/1.73m2) or in 
UACR (mg/g) as well as adjusted OR  and 95% CIs for ≥10% eGFR decline or ≥10% UACR increase by tertiles of baseline 
PRAL and NEAP. 

PRAL (mEq/d) 
 T1 T2 T3 p for Trend 
Δ in eGFR, ml/min/1.73m2 n= 1958 n= 1958 n= 1958  
Model 2 0 (Ref.) -0.14 (-0.68 to 0.39) -0.60 (-1.16 to -0.04)* 0.037 
eGFR decline ≥10% n= 296; %= 15.1 n= 304; %= 15.5 n= 346; %= 17.7  
 Model 2 1 (Ref.) 1.04 (0.87 to 1.25) 1.25 (1.05 to 1.50)* 0.017 
Δ in UACR, mg/g n= 1213 n= 1213 n= 1213  
Model 2 0 (Ref.) -1.53 (-4.75 to 1.69) -2.83 (-6.19 to 0.57) 0.100   
UACR increase ≥5% n= 539; %= 44.4 n= 547; %= 45.1 n= 597; %= 49.2  
Model 2 1 (Ref.) 1.04 (0.88 to 1.23) 1.23 (1.03 to 1.46)* 0.021   

NEAP (mEq/d) 
Δ in eGFR, ml/min/1.73m2 n= 1958 n= 1958 n= 1958  
Model 2 0 (Ref.) -0.27 (-0.80 to 0.26) -0.51 (-1.08 to 0.06) 0.080 
eGFR decline ≥10% n= 297; %= 15.2 n= 312; %= 15.9 n= 337; %= 17.2  
 Model 2 1 (Ref.) 1.06 (0.89 to 1.26) 1.21 (1.01 to 1.46)* 0.044 
Δ in UACR, mg/g n= 1213 n= 1213 n= 1213  
Model 2 0 (Ref.) -0.72 (-3.77 to 2.33)  -2.23 (-5.58 to 1.11) 0.184 
UACR increase ≥5% n= 550; %= 45.3  n= 539; %= 44.4 n= 594; %= 49.0  
Model 2 1 (Ref.) 0.97 (0.82 to 1.14)   1.18 (0.99 to 1.41)* 0.053 
Abbreviations: eGFR, Estimated glomerular filtration rate; NEAP, Net Endogenous Acid Production; T, tertile; PRAL, Potential Renal Acid Load; UACR, Urine 
albumin/creatinine ratio.  All models were adjusted for age (years), sex, baseline eGFR or baseline UACR (in continuous, in logistic regression models depending 
on the main outcome), for participating center (categorized into quartiles by number of participants), intervention group (treatment/control), body mass index 
(kg/m2), smoking habits (never, current or former smoker), educational level (primary, secondary education or graduate), leisure-time physical activity 
(METS/min/week in tertiles), diabetes prevalence (yes/no), hypertension prevalence (yes/no) and hypercholesterolemia prevalence (yes/no), ARBs (yes/no), ACEis 
(yes/no), Mediterranean diet adherence (high/low, ≥/< 12 points), energy intake (kcal/day in tertiles), sodium intake (mg/g in tertiles) and high leukocytes levels 
(yes/no). *p-value < 0.05. 

 Supplementary Table 6. Multivariable-adjusted OR (95% CIs) for ≥5% eGFR decline and ≥5% UACR increase by tertiles of baseline PRAL 
and NEAP and per 1-SD increment. 

PRAL 
 T1 T2 T3 p for Trend Continuous 

(1 SD⁑) 
eGFR decline ≥5%      
No. (%) 527 (26.9) 547 (27.9)  578 (29.5)    1652 (28.1) 
Model 1 1 (Ref.) 1.05 (0.92 to 1.21) 1.16 (1.01 to 1.34)* 0.037 1.08 (1.02 to 1.14)* 
Model 2 1 (Ref.) 1.06 (0.92 to 1.23) 1.20 (1.04 to 1.40)* 0.017 1.10 (1.03 to 1.17)* 
UACR increase ≥5%      
No. (%) 580 (47.8) 583 (48.1) 633 (52.2)  1796 (49.4) 
Model 1 1 (Ref.) 1.02 (0.87 to 1.19) 1.21 (1.03 to 1.43)*  0.023 1.06 (0.99 to 1.13) 
Model 2 1 (Ref.) 1.02 (0.86 to 1.20) 1.19 (1.00 to 1.42)*  0.054 1.05 (0.98 to 1.13) 

NEAP 
eGFR decline ≥5%      
No. (%) 532 (27.2) 546 (27.9)  574 (29.3)    1652 (28.1) 
Model 1 1 (Ref.) 1.03 (0.90 to 1.19) 1.14 (0.99 to 1.32)  0.062 1.08 (1.02 to 1.14)* 
Model 2 1 (Ref.) 1.04 (0.90 to 1.20) 1.18 (1.02 to 1.38)* 0.029 1.10 (1.03 to 1.17)* 
UACR increase ≥5%      
No. (%) 589 (48.56)       581 (47.90) 626 (51.61)  1796 (49.4) 
Model 1 1 (Ref.) 0.98 (0.83 to 1.15) 1.16 (0.98 to 1.36) 0.076 1.05 (0.98 to 1.12) 
Model 2 1 (Ref.) 0.96 (0.82 to 1.14) 1.13 (0.95 to 1.35) 0.148 1.04 (0.97 to 1.12) 
Abbreviations: eGFR, Estimated glomerular filtration rate; NEAP, Net Endogenous Acid Production; T, tertile; PRAL, Potential Renal Acid Load; UACR, Urine albumin/creatinine 
ratio.  Model 1: adjusted for age (years) and sex. Model 2: additionally adjusted for participating center (categorized into quartiles by number of participants), intervention group 
(treatment/control), body mass index (kg/m2), smoking habits (never, current or former smoker), educational level (primary, secondary education or graduate), leisure-time physical 
activity (METS/min/week in tertiles), diabetes prevalence (yes/no), hypertension prevalence (yes/no) and hypercholesterolemia prevalence (yes/no), ARBs (yes/no), ACEis (yes/no), 
Mediterranean diet adherence (high/low adherence), energy intake (kcal/day in tertiles), sodium intake (mg/g in tertiles) and high leukocytes levels (yes/no). *p-value < 0.05. ⁑One SD= 
15.6 mEq/d in PRAL and 8.1 mEq/d in NEAP. 
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Supplementary Figure 1. Flow chart of the study population 
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Chapter 3. Associations between ultra-processed food consumption and kidney 

function in an older adult population with metabolic syndrome.  

Cristina Valle-Hita, Andrés Díaz-López, Nerea Becerra-Tomás, Estefania Toledo, Isabel 

Cornejo-Pareja, Itziar Abete, Antoni Sureda, Maira Bes-Rastrollo, J Alfredo Martínez, 

Francisco J Tinahones, Josep A Tur, Tany E Garcidueñas-Fimbres, Francisco París-Pallejá, 

Albert Goday, Nuria Goñi-Ruiz, Jordi Salas-Salvadó and Nancy Babio.  

 

Overview of the novelty and significance of this publication 

What is already known? 

- Previous studies have consistently associated the consumption of UPF with several 

chronic non-communicable diseases. However, there is limited evidence concerning its 

impact on kidney function or CKD. 

- Existing evidence suggests that UPF consumption is inversely associated with kidney 

function through SCr based-eGFR.  

What does this study add? 

- For the first time, our study evaluated the cross-sectional and prospective associations 

between UPF consumption and kidney function using eGFR based on CysC. This 

biomarker is more accurate and independent of certain risk factors than SCr. 

- A negative association between UPF consumption and CysC based-eGFR at baseline and 

over 3-years of follow-up was observed.  

- These results may provide new insights for the design of future evidence-based strategies 

to prevent kidney dysfunction, and they may also contribute valuable insights for 

enhancing clinical practices targeting older populations with cardiovascular risk. 

Conclusion: 

- This study reinforces existing evidence indicating a potentially harmful association 

between UPF and health, specifically kidney function, in a Mediterranean population at 

high risk. 
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Supplementary Table 1. Baseline characteristics of the PREDIMED-Plus study population according to included or excluded 
individuals from the analysis. 
 Total Included Excluded  
 n= 6874 n= 1851 n= 5023 p-value 
Age, years  65.0 ± 4.9 65.0 ± 5.0 64.9 ± 4.9  0.374 
Women, n (%) 3335 (48.5) 842 (45.5) 2493 (49.6) 0.002 
Intervention group, n (%) 3406 (49.6)   918 (49.6) 2488 (49.5) 0.963 
BMI, kg/m2 32.6 ± 3.5  32.5 ± 3.4  32.6 ± 3.5  0.091 
Physical activity, METS/min/week 2463 ± 2301   2568 ± 2321 2424 ± 2293 0.022 
Smoking status, n (%)    0.013 

Never smoked 3034 (44.1) 764 (41.3)  2270 (45.2)  
Former smoker 2983 (43.4) 851 (46.0)  2132 (42.4)  
Current smoker 857 (12.5) 236 (12.8)  621 (12.4)  

Education level, n (%)    <0.001 
Primary education 3357 (48.9) 940 (50.8)              2417 (48.2)  
Secondary education 1986 (28.9) 568 (30.69)        1418 (28.3)  
Academic or graduate 1526 (22.2) 343 (18.5) 1183 (23.6)  

NOVA 4: UPF consumption, % of g/day 8.0 ± 6.8  7.6 ± 6.3  8.1 ± 6.9  0.002 
NOVA 3: Processed foods consumption, % of g/day 20.2 ± 10.7  20.8 ± 10.5 20.0 ± 10.7  0.003 
NOVA 2: Processed culinary ingredients consumption, 
% of g/day 2.6 ± 1.2  2.8 ± 1.2  2.6 ± 1.3  <0.001 

NOVA 1: Unprocessed and minimally processed foods 
consumption, % of g/day 69.2 ± 11.8  68.8 ± 11.8  69.3 ± 12.6  0.110 

erMedDiet score, 17-points 8.5 ± 2.6 8.5 ± 2.6    8.5 ± 2.7  0.785 

Fruits and vegetables consumption (g/d) 730.2 ± 286.7  731.5 ± 295.9 
  

726.6 ± 260.3  0.5304 

Energy intake, kcal/d 2416 ± 633 2434 ± 539  2410 ± 664 0.156 
Total carbohydrate intake (g/d)   246.5 ± 81.2 245.9 ± 84.1  248.2 ± 72.7  0.3063 
Sugar intake, g/day 29.7 ± 69.5  25.5 ± 59.0  31.2 ± 73.0 0.003 
Fiber intake, g/day 26.5 ± 9.2  26.3 ± 8.6 26.6 ± 9.4  0.351 
Sodium intake (mg/d) 2482.8 ± 867.3  2483.5 ± 890.4  2481.0 ± 802.2  0.916 
Phosphorus intake (mg/d) 1788.2 ± 458.2  1800.6 ± 471.9 1754.5 ± 417.1 <0.001 
Iron intake (mg/d) 16.8 ± 3.9 16.8 ± 4.5  16.7 ± 3.9  0.689 
Glycemic index 53.9 ± 5.2  53.5 ± 5.1  55.0 ± 5.2  <0.001 
Cystatin C, mg/dl 1.05 ± 0.23 1.05 (0.2)          1.04 ± 0.16 0.552 
eGFR, ml/min/1.73m2 at baseline 72.7 ± 18.3  72.7 ± 18.4 72.1 ± 15.2  0.811 
Type 2 diabetes, n (%) 2093 (30.5)  536 (29.0) 1557 (31.0) 0.103 
Hypertension, n (%) 5758 (83.8) 1571 (84.9) 4187 (83.4) 0.130 
Hypercholesterolemia, n (%) 4813 (70.0) 1218 (65.8) 3595 (71.6) <0.001 
Medication use, n (%) 16.8 ± 4.4  16.8 ± 4.5 16.7 ± 3.9  0.689 

Lipid-lowering drugs 3557 (51.8) 931 (50.3) 2626 (52.3) 0.145 
Oral blood glucose-lowering drugs 1779 (25.9) 443 (23.9) 1336 (26.6) 0.025 
Insulin treatment 283 (4.1) 88 (4.8)    195 (3.9) 0.106 
Antihypertensive drugs 5368 (78.1) 1494 (80.7) 3874 (77.1) 0.001 
ARBs  2495 (36.3) 608 (32.9) 1887 (37.6) <0.001 
ACEis 2049 (29.8) 635 (34.3) 1414 (28.2) <0.001 

Abbreviations: ACEis, Angiotensin-Converting Enzyme Inhibitors; ARBs, Angiotensin II receptor blockers; eGFR, Estimated Glomerular Filtration Rate; 
erMedDiet, energy-restricted Mediterranean diet, METS, Metabolic Equivalent of Task; T, tertile; BMI, Body Mass Index; UPF, Ultra-processed food. 
Decreased Kidney Function was defined as eGFR <60 ml/min/1.73m2. Values are reported as means ± standard deviations for continuous variables and 
number (%) for categorical variables. P-value was calculated by one-way analysis of variance test or chi-square for continuous and categorical variables, 
respectively.   
In the analyses, there were missing data for NOVA 1 in 36 participants (0.52%), NOVA 2 in 36 participants (0.52%), NOVA3 in 36 participants (0.52%), 
NOVA 4 in 36 participants (0.52%), erMedDiet adherence in 5 participants (0.7%), fruits and vegetables consumption in 36 participants (0.52%), energy 
intake in 36 participants (0.7%), total carbohydrate intake in 36 participants (0.52%), fiber intake in 36 participants (0.52%), sugar intake in 36 participants 
(0.52%), sodium intake in 36 participants (0.52%), phosphorus intake in 36 participants (0.52%), iron intake in 36 participants (0.52%), glycemic index in 
36 participants (0.52%),  eGFR in 4965 participants (72.2%), CysC in 4965 participants (72.2%),. 
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VI. DISCUSSION 

Prior evidence has highlighted the potentially crucial relevance of diet to kidney health. The 

current dissertation aimed to further investigate the associations between different dietary 

factors - specifically dietary patterns, dietary acid load, and UPF - and kidney function in an 

older Mediterranean population with overweight or obesity and MetS.  

Although each chapter of this doctoral thesis contains a discussion section, a general 

discussion is presented below to summarize all findings, address important considerations 

that could not be discussed previously, and provide new scientific evidence that has emerged 

since the studies of this thesis were published. The overall strengths and limitations derived 

from this research are also described in this section. 

1. General discussion 

The results of this dissertation are substantially valuable as they provide new prospective 

evidence to the existing body of literature in the field of diet, kidney function, and CKD. In 

particular, the results of the current doctoral thesis showed a beneficial association between 

healthy dietary patterns, specifically the MedDiet, and kidney function, assessed 

longitudinally by eGFR, in older Mediterranean adults with underlying comorbidities. In 

contrast, the dietary acid load indexes PRAL and NEAP demonstrated a prospective negative 

association with eGFR levels and UACR; which was in line with the detrimental association 

observed between the consumption of UPF, a food group characterized by a high dietary 

acid load, and eGFR over 3 years of follow-up. 

The findings in chapter 1 regarding the adherence to a MedDiet and its association with 

kidney function were consistent with previous scientific literature199–204 such as the systematic 

review and meta-analysis led by Hansrivijit et al., which reported that the MedDiet had a 

relevant impact on the prevention of CKD, with a 10% reduction in the risk of CKD 

observed for each one-point increase in the MedDiet score154. In our longitudinal study, an 

a priori Mediterranean dietary pattern was evaluated using two different approaches - the 17-

item erMedDiet and the Trichopoulou-MedDiet - which were based on different scoring 

criteria. The first mentioned score was obtained from a pre-defined questionnaire that uses 

absolute values in accordance with established scientific knowledge about the healthy levels 

of certain food intakes and specific cultural and dietary considerations, whereas the 

calculation of the Trichopoulou score depends only on the distribution of the study 

population, as gender-specific median cut-offs are used for the estimation. These score 
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discrepancies may partly explain why we observed a statistically significant association 

between changes towards greater adherence to the 17-item erMedDiet score after one year 

of follow-up and better eGFR as well as 38% lower odds of eGFR decline, but not with the 

Trichopoulou-MedDiet score. 

This prospective study also revealed that the DASH diet score, a priori index based on the 

studied population distribution, was not significantly associated with kidney function 

outcomes. There is conflicting research regarding the relationship between the DASH diet 

and kidney function or CKD; while some authors169 agreed with our non-significant findings, 

others have observed significant positive associations with eGFR decline205 or the risk of 

CKD156,206. Given that the DASH diet is relatively similar to the MedDiet and has been widely 

demonstrated to have a beneficial effect on hypertension207, a recognized risk factor of CKD, 

further studies are required to clarify any inconsistencies, which are probably due to 

differences in the populations studied and the methods used to assess dietary intake. 

Traditionally, protein intake has been a major focus in the field of kidney research, and for 

many years, limiting protein intake has been part of the recommendations for people with 

some degree of kidney function decline171,208. Nevertheless, recent evidence suggests that the 

source of the protein should be considered as important as the quantity. In fact, in 2017, the 

Protein Diet Score was developed to assess protein intake on the basis of both total amount 

and source, using the plant-to-animal protein ratio, and it was found to be positively 

associated with eGFR209. However, this association was not observed in present thesis where 

we conducted a separate analysis of the two components of the Protein Diet Score and found 

that only the total protein intake component showed a significant negative association with 

eGFR, suggesting that the quantity of protein intake may be responsible for this detrimental 

association. To the best of our knowledge, Møller et al.209 and the work conducted as part of 

this thesis are the only studies that have used the Protein Diet Score in relation to kidney 

function; therefore, additional research with longer follow-up periods is warranted to 

elucidate the implications of protein intake on CKD prevention.  

Both the Mediterranean and DASH diets have been described as healthy, plant-based dietary 

patterns because they are mainly composed of nutrient-dense foods of plant origin, such as 

vegetables, fruits, nuts, and legumes, which are also considered alkaline-forming foods. By 

contrast, these diets are characterized by an extremely low consumption of acid-inducing 

foods, which include red and processed meats, sugar-sweetened beverages, baked goods, 

sweets, and convenience foods, among other UPF158,210,211. In the introduction section, it was 
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outlined that diet is a critical contributor to the maintenance of the acid-base status in 

gastrointestinal tract of humans. Dietary acid load has been proposed as an index of the 

quality and acidity of dietary patterns158,210,212. Given that associations between dietary acid 

load and an increased risk of CKD have been described previously183,213, in chapter 2 we 

aimed to explore the association between the two most common indexes of dietary acid load, 

eGFR and UACR. Our results indicated that the PRAL and NEAP indexes were negatively 

associated with one-year changes in eGFR levels, but not with changes in UACR. In line 

with this, in our study population, a significant positive association was also reported 

between both dietary acid load indexes and the odds of eGFR decline after one-year of 

follow-up as well as between the PRAL index and the odds of UACR increase. These results 

regarding eGFR and UACR could indicate that dietary acid load may influence kidney 

function through tubular damage, without affecting the permeability of the glomerulus. The 

findings of this thesis related to dietary acid load align with the findings of prior cross-

sectional studies on eGFR, CKD214–217, and UACR215–217. In addition, to date, only the 

Atherosclerosis Risk in Communities (ARIC) trial has longitudinally examined the 

association between dietary acid load and CKD, finding a 13% higher risk of incident CKD 

among participants with higher PRAL218, which was in line with our study results. 

Accordingly, due to the lack of clear evidence, especially in people at high risk, such as older 

populations with other comorbid conditions, more studies, and ideally prospective 

longitudinal ones, are urgently needed to verify the associations discussed in the current 

doctoral thesis.  

As mentioned, a group of acid-forming foods is the UPF178, the consumption of which has 

increased alarmingly in recent decades147. UPF is a relevant source of potentially harmful 

nutrients and micronutrients, including free sugars, trans fatty acids, and/or sodium184, which 

have been extensively related to an increased risk of non-communicable diseases147,186. 

Nonetheless, research into the possible impact of UPF on kidney function is scarce. 

Therefore, in chapter 3, the cross-sectional and prospective associations between UPF and 

eGFR were investigated in older adults with overweight or obesity and MetS. To the best of 

our knowledge, this was the first epidemiological study examining these associations using 

the CysC to estimate eGFR. This biomarker exhibits some advantages over others, such as 

appearing to be less dependent on important factors in older adults, such as aging, muscle 

mass, and diet7,9,219. The results of this study extend the associations observed by other 

authors187–192 regarding the role of UPF on kidney function and CKD, suggesting that both 

baseline consumption and changes towards higher consumption might decrease eGFR; 
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hence, UPF consumption could worsen the function of the kidneys. In the long term, this 

could lead to the development of CKD. In fact, a very recent systematic review and meta-

analysis of observational studies observed a 25% increased risk of incident CKD among 

individuals with the highest consumption of UPF in comparison to those with the lowest 

consumption220. To ensure the accumulation of reliable evidence and to draw robust 

conclusions, it would be worthwhile in the future to further analyze this association in other 

populations, also using CysC as a biomarker of eGFR and over longer follow-up periods.  

From a mechanistic perspective, several explanations have been proposed for the observed 

associations between the components of the diet studied in the present doctoral thesis and 

kidney function. On the one hand, the potential protective impact of the Mediterranean 

dietary pattern on kidney function could be primarily due to the high content of fiber, 

vitamins, minerals, phytosterols, and other antioxidant and anti-inflammatory compounds in 

its foods160,221. Furthermore, extra virgin olive oil and nuts are the major sources of dietary 

fat in the Mediterranean culture; more specifically, these foods contribute substantially to the 

intake of mono- and polyunsaturated fatty acids160,221. All these components may 

synergistically affect kidney function not only in a direct manner149,222–226 but also indirectly, 

as previous scientific evidence has suggested that some of these dietary compounds could 

modulate inflammatory procedures, endothelial function, oxidative stress224,225,227–232, blood 

lipid profiles224,233,234, insulin resistance224,225,235,236, and blood pressure233,234,237. Therefore, they 

also have been linked to a reduced risk of some CKD risk factors, including hypertension, 

obesity, metabolic syndrome, and diabetes225,231,233,234,238. On the other hand, the plausible 

detrimental effect of high acid load diets and UPF may be attributed to the lack of the 

beneficial compounds mentioned above, particularly the lower fiber content, in addition to 

the increased amount of simple sugars, trans-fatty acids, phosphate, and/or sodium184, which 

have been implicated not only in CKD239–246 but also in related-comorbidities and 

mechanisms246–248, such as gut barrier permeability disturbances249,250. Besides, foods with a 

high acid load, such as UPF, are convenience products that are usually readily available on 

the market in plastic packaging. Certain constituents of this packaging have recently been 

suggested to be transferred to the food251, and may have some adverse health effects, such 

as changes in the gut microbiota252,253, inflammatory processes254, higher risk of obesity or 

diabetes252,253,255, and, ultimately, kidney function decline256,257. Finally, some other plausible 

explanations for the potential relationship between dietary acid load and kidney function that 

have been hypothesized, include activation of the RAAS and the complement pathway, 
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production of endothelin-1, ammoniagenesis, and oxidative stress, which have been linked 

to acid retention and metabolic acidosis44,258.  

In brief, the prospective epidemiological studies derived from the current doctoral thesis 

support the potential role of certain factors of the diet – dietary patterns, dietary acid load, 

and UPF –on kidney function and CKD. According to our findings, healthy dietary patterns, 

especially the MedDiet, which is characterized by a high content of nutrient-dense foods 

with a low dietary acid load, such as fruits, vegetables, nuts, or legumes, and by contrast a 

low consumption of UPF, may be beneficial for preventing CKD in people with overweight 

or obesity and MetS. Therefore, even though more studies are still warranted to provide 

stronger scientific evidence in this area, recommendations to adhere to a diet low in acid 

load, such as the MedDiet pattern, and to limit the consumption of UPF as much as possible 

may be prudent, not only for the prevention of the onset and progression of kidney function 

decline or CKD, but also for the general health of the population and the protection against 

other non-communicable diseases. Furthermore, from a public health standpoint, dietary 

guideline design, and clinical practice perspective, these recommendations could be more 

informative, understandable, and meaningful than advice based solely on individual 

nutrients. 

2. Strengths and limitations 

The present doctoral thesis has several strengths and potential limitations that deserve to be 

addressed. Given the potential limitations, the findings should be interpreted with caution.  

Firstly, one of the main limitations is the observational nature of the study design, which 

limits the ability to infer causality; therefore, only associations can be claimed. Secondly, as 

with any observational study, it is important to recognize that potential confounding factors 

cannot be entirely ruled out. Nevertheless, the statistical models performed in this 

investigation were adjusted for a wide range of relevant covariates related to dietary factors 

as well as kidney function to minimize the risk of confounding bias. Thirdly, given that the 

population studied was older Mediterranean adults with overweight or obesity and MetS, it 

might be difficult to extrapolate our findings to other populations. Consequently, to 

reinforce our conclusions, further research is necessary in populations from other regions 

and age groups. Fourthly, an FFQ was used to assess exposure to dietary patterns, dietary 

acid load and UPF. Although this type of questionnaire is widely used in nutritional 

epidemiological studies for collecting usual dietary intake data, it is sensitive to measurement 
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errors, recall bias, and misclassification of food and nutrient intake. Nonetheless, it should 

be mentioned that this FFQ was validated and carefully administered by trained dieticians. 

In addition, in all the studies comprising this thesis, participants who reported implausible 

values of energy intake were excluded from the analyses. Finally, it should not be overlooked 

that the observational studies in this work are based on a randomized clinical trial in which 

participants underwent a lifestyle intervention program, which might have influenced the 

results. However, all our analyses were adjusted for the allocation to the intervention group. 

We also performed interaction tests and subgroup analyses and the results remained 

consistent. The current investigation also has notable strengths that should be highlighted. 

To begin with, the relatively large sample size and the prospective design should be 

mentioned. The PREDIMED-Plus has a wide collection of variables that let us adjust the 

statistical models for an extended range of potential confounding factors. Additionally, the 

utilization of a validated, semi-quantitative FFQ administrated by trained dieticians was 

another significant advantage. Additional approaches and sensitivity analyses to the main 

results were tested to reinforce the robustness of the findings. Finally, it is noteworthy that 

the optimal and accurate CysC biomarker was available for GFR estimation in the chapter 

of this thesis that examined the associations between UPF and kidney function.
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VII. CONCLUSIONS  

In this section of the current doctoral dissertation, the conclusions drawn from the three 

original research articles conducted on Mediterranean older adults with overweight or obesity 

and MetS are presented in response to each hypothesis posited at the beginning of this 

thesis.  

Hypothesis 1: High adherence to a priori healthy dietary patterns might be associated with 

better kidney function in a Mediterranean population of older adults with overweight or 

obesity and MetS.   

- A higher upward change in the adherence to a 17-item erMedDiet score was 

associated with improvements in eGFR changes and with lower odds of ≥10% 

eGFR decline after one-year of follow-up. The Trichopoulou-MedDiet and DASH 

diet scores were not associated with eGFR changes or eGFR decline.   

- Higher one-year change toward a greater adherence into the Protein Diet Score was 

associated with a worsening of eGFR.  

Hypothesis 2: Higher dietary acid load might be associated with worse kidney function in a 

Mediterranean population of older adults with overweight or obesity and MetS.   

- PRAL and NEAP were inversely associated with one-year changes in eGFR, but not 

one-year UACR changes.  

- Higher levels of both estimates of dietary acid load were associated with higher odds 

of ≥10% eGFR decline after one-year of follow-up, and a higher PRAL index was 

additionally associated with higher odds of ≥10% UACR increase.   

Hypothesis 3: Consumption of UPF might decrease kidney function in a Mediterranean 

population of older adults with overweight or obesity and MetS.   

- Higher consumption of UPF was cross-sectionally associated with a lower eGFR and 

higher odds of decreased kidney function (eGFR<60 ml/min/1.73m2) at baseline.  

- One-year changes towards a higher consumption of UPF were associated with a 

decrease in eGFR over 3-years of follow-up.  

Therefore, the main conclusions of this doctoral thesis support the beneficial association 

between adherence to the MedDiet and kidney function in older Mediterranean adults with 

overweight or obesity and MetS. In addition, the results suggest that increased dietary acid 

load and UPF consumption may have an adverse impact on kidney function.
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VIII. GLOBAL AND FUTURE INSIGHTS 

Even though the prevalence, incidence, and mortality rates related to CKD are expected to 

continue increasing in the coming decades, scientific evidence strongly supports the fact that 

lifestyle modifications, especially dietary changes, may substantially improve the situation. 

Consequently, these modifications may reduce these rates, in addition to contributing to a 

better quality of life for the population, healthier aging, and a reduced burden on the 

healthcare system. 

The findings of the present doctoral thesis provide additional evidence to the existing 

literature in the field of nutritional epidemiology of kidney function and CKD, which may 

lead to a better understanding of the associations between the consumption of certain foods 

or dietary patterns, eGFR, and consequently kidney function and the potential development 

of the disease. These results could also be of value for the future design or enhancement of 

dietary guidelines aimed at the prevention of CKD, in conjunction with previous scientific 

studies available in this area. 

As this dissertation may inspire near-future research, our limitations and other important 

considerations should be addressed beforehand to clarify and confirm the reported 

associations. 

- Randomized controlled clinical trials with long follow-up periods and large samples 

designed to evaluate the potential impact of different dietary factors on kidney function 

and CKD would be of great interest to help provide recommendations based on cause-

and-effect evidence. 

- Since our findings were observed within the framework of a Mediterranean older adult 

population with underlying comorbidities, additional long-term studies conducted in the 

general population as well as in individuals under specific conditions, with different ages 

or in other geographical regions, are needed in the future to extrapolate the results of 

this investigation.   

- Improvements in the methods used to evaluate dietary intake in nutritional 

epidemiology would greatly aid the comparison of findings from different studies. Some 

suggestions, that could be helpful in overcoming limitations and enhancing the 

representation of regular dietary consumption, include collecting data on new food 

varieties, formulations, and trends; taking into account cooking methods; standardizing 

food portion sizes; and updating food databases. 
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- In line with the previous point, to improve the comparability of results among different 

investigators, a consensus in kidney health research should be reached on the most 

appropriate and practical methods for assessing kidney function and CKD, in particular 

regarding the equations and biomarkers used to estimate GFR. 

- The potential underlying mechanisms involved in the associations that have been 

reported in this thesis are not yet clearly understood. Given genetic factors have been 

suggested to play an important role in CKD, the study of the interplay between diet and 

genes, known as nutrigenetics, would be an interesting line of research to explore in the 

future in order to clarify the findings discussed in this work.  

- In this sense, the application of Mendelian randomization studies as an alternative to 

randomized clinical trials with genetic sequencing techniques would be especially 

promising in the near future, offering a robust framework for the investigation of 

causality in complex biological pathways between dietary risk factors and kidney health 

outcomes. 

- Omics sciences, and more specifically metabolomics, could also be an appropriate 

approach to identify potential biomarkers of the dietary components discussed in this 

thesis and to better understand their impact on metabolism and the pathophysiological 

mechanisms behind the development of both kidney function and related comorbidities. 

- The concept of “brain–gut–kidney axis” has received increasing attention over the past 

few years259,260. Certain nutrients, food groups, and specific types of dietary patterns have 

been postulated to alter the gut microbiota259. In addition, dysbiosis and related 

metabolites have been linked to various problematic conditions and diseases, such as 

the loss of kidney function and the onset of CKD261. Future investigations examining 

the impact of the interaction between diet and microbiota on kidney function decline 

and CKD would therefore be valuable and may enable a better appreciation of further 

plausible mechanisms behind the associations observed in the current doctoral thesis.  
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