Dietary patterns and chronic kidney disease outcomes: a systematic review
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ABSTRACT
Chronic kidney disease (CKD) is a serious public health problem and its prevalence is growing in many countries, often related to issues resulting from lifestyle in growing economies and life expectancy of the population. Nutritional therapy is a beneficial but still neglected strategy for preventing and delaying the progression of CKD. The aim of this study was to assess the association of dietary patterns with the development and progression of CKD. Observational studies conducted in adult humans and the correlation with the dietary pattern adopted with the development of CKD were searched. A significant association was observed between unhealthy dietary patterns with an increased risk of developing or worsening CKD, as well as an adverse effect. Nephroprotective of healthy eating patterns, characterized by the consumption of fruits, vegetables and dietary fiber.
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INTRODUCTION
Chronic Kidney Disease (CKD) is described as a damage kidney or persistent abnormality of kidney´s function detected by reduced glomerular filtration rate (GFR) or increased urinary albumin excretion1,2. Kidney disease is silent, asymptomatic and constitutes a serious public health problem due to its high mortality, high burden of disease, which relentlessly continues to increase globally3.
Approximately one in ten people in the world are affected by CKD4. Certain regions are experiencing a dramatic increase in the prevalence of CKD, including Oceania, South Asia, East Asia, the Caribbean, Central and Tropical Latin America, North Africa and the Middle East3,5. The prevalence of CKD increased more than 25% from 2007–2017 mainly driven by to the rise in the life expectancy of the population and the number of cases of systemic arterial hypertension and type 2 diabetes mellitus, main causes of CKD, arising from predominantly by overweight and inadequate lifestyle and diets1–3,6.
The dietary pattern is one of the most modifiable risk factors for adverse health outcomes being an effective however neglected strategy for the prevention, development, and progression of cardiometabolic diseases7–10. The pathophysiology of the role of diet on renal function and in the development of CKD is not yet fully understood.

Despite evidence that diet is very important in relation to CKD progression, studies in this field are scarce and methodologically limited, which contributes to this strategy of prevention being underused and often neglected11–13. CKD patients are advised to restrict some nutrients, such as phosphorus, salt, potassium, and protein, to prevent short- and long-term clinical complications14,15. In general, it is well established that the Western dietary pattern, also called standard American diet, is positively associated with risk of CKD while a Prudent dietary pattern was not associated with kidney function decline10,14.
Considering the key role of diet in the development and progression of cardiometabolic diseases, the aim of this study was to assess the association of dietary patterns with the development and progression of CKD in adults.
METHODS
Protocol and registration
This review was developed based on the Preferred Reporting Items for Systematic reviews and Meta-Analyzes (PRISMA)16 and registered with the International Prospective Register of Systematic Reviews (PROSPERO) under number CRD42019136176.
Eligibility criteria

Observational, cross-sectional, case-control and cohort epidemiological studies, available online, conducted on adult humans, among individuals ≥ 18 years old, aiming to correlate the dietary pattern adopted with the development of CKD. The primary endpoint assessed was CKD, thereby studies associated specifically with outcomes such as dialysis, renal carcinoma and nephrolithiasis were excluded.
Information sources 

The search was performed in the following databases: Medline/Pubmed and Embase, including articles published until April 30, 2019. Some alternative sources, such as reference lists from other systematic reviews on the same topic, were consulted to ensure the inclusion of relevant articles. There were no searches in grey literature. The search was limited to English, Spanish, French and Portuguese.
Search
The following descriptors were used according to Medical Subject Headings (MeSH): on Medline "kidney diseases" OR "renal insufficiency, chronic" OR "chronic kidney disease" AND "dietary patterns"; on Embase 'kidney disease' OR 'chronic kidney failure' OR chronic AND kidney AND 'dietary pattern'.

Study selection

The search was performed in a standardized and independent manner by two authors. Possible discrepancies were analyzed by a third author. When the title and abstract were not elucidative, the full article analysis was performed. Studies with dialysis, renal carcinoma, nephrolithiasis or transplant patients and duplicate articles were excluded, as well as reviews, guidelines and abstracts or letters to the editor.

Data analysis
Due to the methodological heterogeneity of the studies, we opted for a critical (qualitative) analysis of the results based on the hypothesis that the designs of the included studies influence the results, especially regarding the incidence and prevalence of CKD.
Critical appraisal of data

Newcastle-Ottawa quality assessment scale (NOS) was used to appraise the quality of the cross-sectional and cohort studies included in this systematic review17,18. Using the NOS, studies were awarded a maximum of nine points on items related to the selection of the study groups, the comparability of the groups, and the ascertainment of the outcome of interest. This was undertaken by two separate reviewers. Score disagreements were resolved by consensus and a final agreed-upon rating was assigned to each study.
RESULTS
We identified 139 articles, of which 62 were excluded from the study after reading the title and abstract. A total of 77 articles were selected for full text evaluation, and 46 studies were excluded. The final inclusion therefore comprised 31 studies were used for the final construction of this review, which met the proposed inclusion criteria (Figure 1; Table 1).
Characteristics of included studies

The studies were published between 2002 and 2019 (Table 1) and undertaken in the following countries: United States (30%), Iran (11%), Australia (8%) and Sweden (8%). The frequency of hypertension and diabetes mellitus varied considerably between studies.
The quality of the included studies was high as reflected by the high Newcastle-Ottawa scores (Table 1) in 22 studies that achieved ( 7 stars, and only 9 studies of medium-quality with 4-6 stars. None poor-quality studies were included (those with ( 4 stars).
Dietary patterns and outcomes in renal function

Four specific dietary patterns were highlighted in the included studies: Prudent diet, characterized by higher intake of fruits, vegetables, whole grains, fish and poultry19, Western diet (higher consumption of red and processed meats, saturated fats, refined grains, sweets and desserts)8, DASH - Dietary Approach to Stop Hypertension (characterized by being rich in fruits and vegetables, low fat dairy products, whole grains, fish, poultry, beans, seeds and nuts; low in sodium; added diet of sugars, sweets, fats and red meat20 and the Mediterranean diet (high consumption of fruits, vegetables, bread and whole grains, potatoes, beans, nuts, seeds and extra virgin olive oil; dairy, fish and poultry consumed in low to moderate amounts; eaten until 4 times a week; rare consumption of sweets; lower frequency of red meat intake and regular to moderate wine consumption during meals20,21. The other diets were named healthy, unhealthy or not specifically named. The main renal changes evaluated were estimated GFR by creatinine dosage, urinary albumin-creatinine dosage and proteinuria (Table 2).
Nephroprotective Diets

Almost all included studies revealed that the adoption of healthy dietary patterns, such as Prudent, Mediterranean and DASH diet are associated with higher levels of GFR, lower levels of albuminuria and inflammatory markers such as C-reactive protein and E-selectin22, resulting in “nephroprotection”, lower cardiovascular and CKD risk19.

High Kidney Risk Diet

The diet most associated with worsening renal function and rapid disease progression was the Western diet, which was directly associated with higher levels of microalbuminuria and lower GFR. There is evidence that the Western diet may also be associated with increased levels of inflammatory markers (serum C-reactive protein, interleukin-6, tumor necrosis factor-1 and ICAM-1 intracellular adhesion molecule), increased risk of obesity and albuminuria, consequently, higher risk of cardiovascular complications and CKD10,19,22,23. Western-style diets high in “pro-inflammatory” foods are associated with increased systemic inflammation and loss of renal function24.
Other diets

This and others studies have shown that Vegetarian diets are associated with decreased risk factors associated with CKD progression, such as hypertension, uremic toxins, inflammation, and oxidative stress, preventing the development of some metabolic disorders8,25,26. Vegetarian diets were characterized by the large amount of grains, fruits, vegetables, dietary fiber, folic acid and vitamins C and E, potassium, magnesium, some phytochemicals and containing variable amounts of proteins of plant origin, elements that seem to be protective of the function renal.
DISCUSSION 
This systematic review confirm strong evidence that lifestyle changes, such as weight reduction, physical activity, smoking cessation, and the adoption of healthy dietary habits (low protein intake, salt restriction, reduced alcohol consumption, and strict glycemic control) have a key role in preventing and delaying the onset and progression of CKD2,27. Several studies have been conducted to identify dietary patterns that contribute to increased risk factors for chronic diseases20,21,28. The study of dietary patterns reflects the food groups usually consumed by a population, being evaluated in sets29, which is currently more adequate to predict the risk of chronic diseases. Dietary components may influence blood lipid levels, oxidative stress, insulin sensitivity, blood pressure, systemic inflammatory responses, pro fibrotic processes, thrombosis risk, and endothelial function to modify clinical outcomes28. Diets high in saturated fat have been associated with a reduction in the number and size of glomeruli, as well as a greater decline in GFR and increased cardiovascular risk, while ingestion of unsaturated fat, dietary fiber and antioxidant elements such as vitamins and minerals, can provide endothelium protection19. High protein intake, commonly used in Western diets, is also related to kidney damage, as renal blood flow and GFR increase by 30% when changing from a low-protein animal diet to a high-protein diet23. This habit leads to increased pressure in the glomerular capillaries and consequent hyperfiltration, which in long term leads to renal dysfunction19; higher body mass index; waist circumference; total cholesterol30 and altered protein trafficking initiate a cascade of nephrotoxic inflammatory events31. These foods also contain large amounts of salt, phosphates and acids, promoting the development of hypertension, hyperphosphatemia and metabolic acidosis32. An adequate diet in animal protein and grains, and a low supply of fruits and vegetables, leads to higher acid production, which also overloads nephrons. With acid overload, each nephron must increase its ammonium production and hydrogen excretion to maintain acid-base balance. In addition, the high acid load produced activates the renin-angiotensin-aldosterone system, increases endothelin-1 production and activates the alternative complement cascade, causing further renal damage23. Plant proteins appear to be less “effective” in promoting glomerular hyperfiltration and therefore less “harmful” to the kidneys33. Thus, the study of different dietary patterns has resulted in recommendations for healthy diets such as the Mediterranean diet and the potentially “nephroprotective” DASH diet34. 
Alterations of gut microbiota composition, the increase of the permeability of the intestinal barrier, increased bacterial translocation as well resultant heightened inflammatory responses and some metabolites produced by these microorganisms, especially those derived from dietary nutrients, have been linked to pathologies35. An adequate fiber diet favors the growth of the bacteria that make up the intestinal microbiota, keeping the epithelial barrier intact. The gut microbiota composition is drastically shaped not only by host genetics but also by lifestyle and environmental changes such as diet, chronic inflammation, obesity, smoking, underlying comorbidities, antibiotics, and probiotics36,37. Intestinal dysbiosis is commonly observed in kidney disease populations and is a major contributor to the accumulation of uremic toxins, such as indoxyl sulfate (IS) and p-cresyl sulfate (PCS), produced by the intestinal microbiome, which is originate from protein metabolism, especially by the breakdown of tyrosine, phenylalanine and tryptophan, which are precursor products for the conversion of PCS and IS in the gut, and are associated with an increased risk of cardiovascular disease7. In contrast, fiber fermentation releases short-chain fatty acids that favor healthy microbial activity to control dysbiosis. Populations that consume a predominantly plant-based diet have greater microbiome abundance and biodiversity compared to populations that consume a processed diet and inadequate fiber7.
Despite recent investigations, there are still some controversies in the associations found between some dietary patterns and the risk of CKD, so it is still inconclusive. Thus, further studies should be encouraged in order to define safe dietary patterns that assist in the prevention and treatment of the disease.
As a limitation of this review, we can highlight the limited databases searched and methodological heterogeneity of the available studies that may have restricted the scope of the final analysis on the incidence, prevalence and progression of CKD. Longitudinal studies addressing different dietary patterns and their long-term renal repercussions are still scarce.
CONCLUSION 
The findings observed in this review provided up-to-date evidence of the impact of adopting certain dietary patterns on the development and progression of kidney disease. Overall, this study and the global clinical guidelines seem to converge on a common ground suggesting a diet with lower intake of salt, sweets, fats and proteins, which is associated with a higher risk of kidney injury. In contrast, the consumption of fruits, vegetables and dietary fiber (DASH and Mediterranean diets) revealed low risk associations for CKD, being advisable models to reduce the occurrence and progression of the disease that currently affects a significant portion of the world population.
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Figure 1. Flow chart of the systematic review process (PRISMA).

Table 1. Main characteristics of the studies included in the systematic review about dietary patterns and kidney disease.

	Reference
	Study Design
	NOS range
	Country
	Sample Size
	Age Group (Years)
	Comorbidities (%)
	Male Sex (%)

	
	
	
	
	
	
	Hypertension
	Diabetes
	

	Nettleton et al., 2008 (38)
	Cross-sectional
	8
	USA
	5,042
	45-84
	-
	-
	52

	Lin et al., 2011 (19)
	Cohort
	5
	USA
	3,121
	30-55
	54
	23
	0

	Strippoli et al., 2011 (39)
	Cross-sectional
	8
	Australia
	2,744
	> 50
	45
	8
	45

	Lee et al., 2012 (40)
	Cohort
	8
	USA
	2,261
	45-72
	Data not shown
	22
	37

	Gopinath et al., 2013 (27)
	Cohort
Cross-sectional
	6
	Australia
	1,952
	≥ 50
	55
	9
	40

	Díaz-López et al., 2013 (41)
	Cross-sectional
	9
	Spain
	2,123
	55-80
	100
	0
	40

	Dunkler et al., 2013 (42)
	Cohort
	7
	40 countries
	6,213
	≥ 55
	79
	100
	

	Huang et al., 2013 (43)
	Cohort
	4
	Sweden
	1,110
	70
	31
	14
	100

	Hsu et al., 2014 (44)
	Cohort
	7
	Taiwan
	635
	45-65 (62%)
	69
	15
	46

	Bi et al., 2014 (32)
	Cross-sectional
	6
	China
	260
	55±9.8
	Data not shown
	Data not shown
	42

	Gutiérrez et al., 2014 (45)
	Cohort
	7
	USA
	3,972
	≥ 45
	Data not shown
	33
	50

	Siriwardhana et al., 2014 (46)
	Cross-sectional
	7
	Sri Lanka
	200
	47.8 ± 9
	-
	-
	59

	Xu et al., 2015 (24)
	Cohort
Cross-sectional
	6
	Sweden
	1,942
	70-71
	73
	13
	78

	Yuzbashian et al., 2015 (47)
	Cross-sectional
	9
	Iran
	5,316
	≥ 27
	31
	0
	44

	Xu et al., 2016 (48)
	Cohort
	5
	Sweden
	390
	70-71
	69
	15
	100

	Smyth et al., 2016 (49)
	Cohort
	5
	USA
	544,635
	51-70
	43.5
	9.2
	59

	Rebholz et al., 2016 (50)
	Cohort
	7
	USA
	14,832
	45-64
	34
	11
	45

	Lee et al., 2017 (13)
	Cross-sectional
	7
	Korea
	2,408
	≥ 65
	63
	24
	43.1

	Wai et al., 2017 (51)
	Cohort
	8
	Australia
	145
	≥ 18
	74
	52
	59

	Liu et al., 2017 (52)
	Cohort
	8
	USA
	1,534
	30-64
	43
	16
	42

	Asghari et al., 2017 (9)
	Cohort
	9
	Iran
	1,630
	≥ 27
	8.4
	5.1
	49.5

	Asghari et al., 2018 (8)
	Cohort
	9
	Iran
	1,630
	≥ 27
	8.4
	5.1
	49.5

	Mazidi, Gao & Kengne, 2018 (11)
	Cross-sectional
	8
	USA
	21,649
	≥ 18
	15.4
	8.6
	48.9

	Machado et al., 2018 (12)
	Cross-sectional
	8
	Brazil
	454
	≥ 30
	91.6
	56.6
	63

	PatersOn et al., 2018 (53)
	Cross-sectional
	6
	Ireland
	1,033
	56-100
	60
	3.3
	0

	Shi et al., 2018 (14)
	Cohort
	7
	China
	8,429
	≥ 18
	55
	21
	47.2

	Yuzbashian et al., 2018 (54)
	Cohort
	9
	Iran
	3,472
	≥ 30
	60
	30
	55

	Jhee et al., 2019 (55)
	Cohort
	7
	South Korea
	9,229
	40-69
	14.4
	6.4
	48.1

	Banerjee et al., 2019 (56)
	Cohort
	8
	USA
	1,110
	≥ 20
	100
	27.9
	47.7

	Hirahatake et al., 2019 (57)
	Cohort
	8
	USA
	2,152
	33-45
	57
	15
	50

	Liu et al., 2019 (26)
	Cross-sectional
	6
	Taiwan
	55,113
	≥ 40
	19.5
	6.5
	45.8


Legend: NOS range: Newcastle-Ottawa quality assessment scale. The NOS ranges from zero to nine stars. A study was awarded a maximum of one star for each numbered item within the selection and exposure categories. A maximum of two stars were awarded for comparability. We considered high-quality studies as those that achieved seven or more stars, medium-quality studies those with four to six stars, and poor-quality studies those with fewer than four stars.

Table 2. Dietary patterns and respective associations with kidney diseases.
	Reference
	Dietary pattern
	Components Foods
	Association with kidney disease
	Kidney changes assessed

	Nettleton et al., 2008 (38)
	-
	Whole grains, fruits, vegetables and low-fat dairy foods
	Protective
	ACR

	
	
	nondairy animal food intake
	Risk
	

	Lin et al., 2011 (19)
	Prudent Diet
	-
	-
	Microalbuminuria
GFR

	
	Western Diet
	-
	Risk
	

	
	DASH Diet
	-
	Protective
	

	Strippoli et al., 2011 (39)
	-
	High fluid intake and nutrients
	Protective
	eGFR

	Lee et al., 2012 (40)
	-
	Fisk intake
	-
	eGFR
ACR

	Gopinath et al., 2013 (27)
	Healthy Diet
	-
	Protective
	GFR

	Díaz-López et al., 2013 (41)
	-
	polyunsaturated fatty acids
	Risk
	eGFR
ACR

	
	
	Intake of fiber
	Protective
	

	Dunkler et al., 2013 (42)
	-
	Fruits (>3x per week)
	Protective
	GFR
UACR

	
	
	Low intake of total and animal proteins
	Risk
	

	
	
	Moderate alcohol intake
	Protective
	

	
	
	Sodium intake
	-
	

	Huang et al., 2013 (43)
	Mediterranean Diet
	High intake of vegetables, legumes, fruits, nuts, cereals, and olive oil; a moderately high intake of fish; a low-to-moderate intake of dairy products; a low intake of saturated fats, meat, and poultry; and a regular but moderate intake of wine during meals
	Protective
	eGFR

	Hsu et al., 2014 (44)
	High fat
	Meats, processed meats, seafood, fatty foods, eggs
	-
	eGFR
ACR
creatinine

	
	Vegetable and fish
	light- or dark- colored vegetables, pond and fish
	Protective
	

	
	Traditional Chinese-snack
	tofu or soy/gluten products, rice, noodles, root vegetables, nuts
	Risk
	

	Bi et al., 2014 (32)
	-
	High protein intake
	Risk
	eGFR

	Gutiérrez et al., 2014 (45)
	Convenience diet
	Chinese and Mexican foods, pizza, and other mixed dishes
	-
	eGFR
ACR
CKD
(All-cause mortality and end-stage renal disease - ESRD)

	
	Plant-based diet
	fruits and vegetables
	Protective
	

	
	Sweets/fats diet
	Sugary foods
	-
	

	
	Southern diet
	fried foods, organ meats, and sweetened beverages
	Risk
	

	
	Alcohol/salads diet
	alcohol, green-leafy vegetables, and salad dressing
	-
	

	Siriwardhana et al., 2014 (46)
	-
	Animal sources (fish, meat and eggs)
	Protective
	urinary β2 microglobulin
proteinuria

	
	
	Fruit vegetables (brinjal, snake gourd, ridge gourd, tomato, eggplant, cucumber, drumstick, etc)
	Protective
	

	
	
	Pulse & products (Lentils, soya meat, green grams and chickpea)
	Protective
	

	
	
	Starchy vegetables (yellow pumpkin, bread fruit, jack fruit and potatoes)
	Risk
	

	
	
	Sambol/kirihodi (scraped coconut and coconut milked)
	Risk
	

	
	
	Green leaves (Sesbania, Mukunuwenna, anguna and manioc)
	Protective
	

	
	
	Leguminous pods
	Risk
	

	Xu et al., 2015 (24)
	Proinflammatory Diet
	High intake of protein and fat products
	Risk
	eGFRcys

	Yuzbashian et al., 2015 (47)
	-
	Higher intakes of plant protein, polyunsaturated fatty acids and fiber intake
	Protective
	eGFR

	
	
	Animal protein intake
	Risk
	

	Xu et al., 2016 (48)
	Protein-fiber intake ratio
	High protein-fiber intake
	Risk
	eGFR
UAER

	Smyth et al., 2016 (49)
	Alternate Healthy Eating Index
	Healthy diet
	Protective
	Death due to a renal cause

	
	Healthy Eating
	
	
	

	
	Mediterranean Diet
	
	
	

	
	Recommended Food
	
	
	

	
	DASH Diet
	
	
	

	
	Sodium intake
	
	
	

	
	Potassium intake
	
	
	

	Rebholz et al., 2016 (50)
	Healthy Diet
	High in fruits and vegetables, fish,
and fiber-rich whole grains; low in sodium and sugar-sweetened beverages
	-
	eGFR

	Lee et al., 2017 (13)
	DASH Diet
	DASH and high fiber intake
	Protective
	eGFR
ACR

	Wai et al., 2017 (51)
	-
	Suitable intake of whole grains, fruits and vegetables, omega-3 fatty acid and limited sodium intake, fast-food snacks and alcohol.
	Protective
	eGFR
outcome of all-cause mortality or doubling of serum creatinine

	Liu et al., 2017 (52)
	Higher DASH Diet accordance
	-
	-
	eGFR

	
	Low DASH Diet accordance
	
	Protective*
	

	Asghari et al., 2017 (9)
	DASH Diet accordance
	-
	Protective
	eGFR

	Asghari et al., 2018 (8)
	Lacto-vegetarian
	High intakes of fresh fruit, dried fruit and fruit juice, dark-yellow, and leafy vegetables, tomato, date, low-fat dairy, and olive oil.
	Protective
	eGFR

	
	Traditional Iranian
	High intakes of legumes, processed and red meat, potato, egg, refined grain, sugar, French fries, and tea
	-
	

	
	High fat, high sugar
	High intakes of mayonnaise, coffee, sweet and salty snack, soda, high-fat dairy, pizza, butter, salt, solid oil, poultry, and corn and peas.
	Risk
	

	Mazidi, Gao & Kengne, 2018 (11)
	-
	Saturated/mono-unsaturated fatty acids, carbohydrate
	-
	eGFR
ACR

	
	
	Vitamins, minerals and fiber
	Protective
	

	
	
	Cholesterol and polyunsaturated fatty acids
	-
	

	Machado et al., 2018 (12)
	Snack pattern
	Breads, biscuits, cakes, farinaceous products, butter, margarine, eggs, processed meat, sweets, snacks, whole dairy products and sweetened beverages
	-
	eGFR

	
	Mixed pattern
	Whole grains, pasta, tubers, red meat, poultry, fish, seafood, fruits, vegetables, low-fat dairy products and natural juice
	-

	

	
	Traditional pattern
	White rice, beans and coffee
	-
	

	
	Protein consumption
	High protein intake
	Risk
	

	PatersOn et al., 2018 (53)
	Healthy
	Lutein/zeaxanthin-rich vegetables, green leafy vegetables, alliums, vegetables, fruit, tomatoes, legumes, nuts, oily fish, low fat dairy products, pizza, dressings/sauces/condiments, wholegrain breakfast cereal and red meat
	-
	eGFR

	
	Unhealthy
	Crisps, chips, alcohol, high fat dairy products, soups, desserts, sugars and sweets, wholegrains, dressings/sauces/condiments, processed meat, potatoes, eggs, refined grains, refined breakfast cereal, chocolate, vegetables, red meat, white fish and shellfish
	Risk
	

	Shi et al., 2018 (14)
	Traditional southern
	High intake of rice, pork, and vegetable and low intake of wheat flour. Food contaminated by cadmium.
	Risk
	eGFR

	
	Modern
	High intake of fruit, soy milk, eggs, milk, deep fried products, fast food and cakes and low intake of rice and salted vegetables
	Protective
	

	Yuzbashian et al., 2018 (54)
	Dysglycemia
	-
	Protective
	eGFR

	
	Dyslipidemia
	
	Protective
	

	
	High blood pressure
	
	Protective
	

	Jhee et al., 2019 (55)
	-
	Daily consumption of nonfermented and fermented vegetables and fruits
	Protective
	eGFR
Proteinuria

	Banerjee et al., 2019 (56)
	Higher DASH Diet accordance
	-
	Protective
	eGFR
ACR

	
	Low DASH Diet accordance
	
	Risk
	

	Hirahatake et al., 2019 (57)
	Caratenoid intake
	Sum of (-carotene, (-carotene, (-cryptoxanthin, and lutein1zeaxanthin – fruit- and vegetable-rich dietary pattern
	Protective
	eGFRcys

	
	Lycopene intake
	
	-
	

	Liu et al., 2019 (26)
	Vegan
	-
	Protective
	eGFR
Proteinuria

	
	Ovo-lacto vegetarian
	
	Protective
	

	
	Omnivore
	
	-
	


Legend: eGFR: estimated glomerular filtration rate; ACR: urinary albumin-creatinine ratio; UAER: urine albumin excretion rate; eGFRcys: cystatin-C–estimated glomerular filtration rate (eGFRcys)
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