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Abstract

Rationale & Objective: Current dietary guidelines recommend that chronic kidney disease 

(CKD) patients restrict individual nutrients, such as sodium, potassium, phosphorus and protein. 

This approach can be difficult for patients to implement and ignores important nutrient 

interactions. Dietary patterns are an alternative method to intervene on diet. Our objective was to 

define the associations of four healthy dietary patterns with risk of CKD progression and all-cause 

mortality among people with CKD.

Study Design: Prospective cohort study.

Setting & Participants: 2,403 participants aged 21–74 years with an estimated glomerular 

filtration rate (eGFR) of 20–70 mL/min/1.73 m2 and dietary data in the Chronic Renal 

Insufficiency Cohort (CRIC) study.

Exposures: Healthy Eating Index-2015 (HEI-2015), Alternative Healthy Eating Index-2010 

(AHEI-2010), alternate Mediterranean diet (aMed), and Dietary Approaches to Stop Hypertension 

(DASH) diet scores were calculated from food frequency questionnaires.

Outcomes: 1) CKD progression defined as ≥50% eGFR decline, kidney transplantation, or 

dialysis and 2) all-cause mortality.

Analytical Approach: Cox proportional hazards regression models adjusted for demographic, 

lifestyle, and clinical covariates to estimate hazard ratios (HR) and 95% confidence intervals (CI).

Results: There were 855 cases of CKD progression and 773 deaths over a maximum of 14 years. 

Compared with participants with the lowest adherence, the most highly adherent tertile of 

AHEI-2010, aMed, and DASH had lower adjusted risk of CKD progression with the strongest 

results for aMed (HR: 0.75, 95% CI: 0.62–0.90). Compared with participants with the lowest 
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adherence, the highest adherence tertiles for all scores had lower adjusted risk of all-cause 

mortality for each index (24–31% lower risk).

Limitations: Self-reported dietary intake.

Conclusions: Greater adherence to several healthy dietary patterns is associated with a lower 

risk of CKD progression and all-cause mortality among people with CKD. Guidance to adopt 

healthy dietary patterns can be considered as a strategy for managing CKD.

Index Words: dietary patterns, nutrition, kidney disease, renal, mortality

PLAIN-LANGUAGE SUMMARY

Few studies have been conducted to assess how healthy dietary patterns are associated with 

chronic kidney disease (CKD) progression among people who have CKD. Therefore, we 

conducted an analysis among 2,403 people with CKD and examined the associations between their 

diet quality and risk of CKD progression and all-cause mortality. We found that following a 

healthy dietary pattern was associated with lower risk of CKD progression and lower risk of death. 

These results may inform clinicians to recommend patients with CKD to follow overall healthy 

dietary patterns that are rich in fruits, vegetables, nuts, legumes, and whole grains, and low in red/

processed meats, added sugars, and sodium.

INTRODUCTION

Chronic kidney disease (CKD) affects about 15% of adults in the U.S. and is a growing 

public health problem (1). CKD can be costly and burdensome, especially if it progresses to 

end-stage renal disease (ESRD) and is associated with a higher risk of death (2).

Healthy dietary patterns, which are generally characterized by high consumption of fruits, 

vegetables, nuts, legumes, fish, low-fat dairy, and whole grains and low in red and processed 

meats, sodium, and added sugar, may reduce risk of incident CKD in general populations 

(3–7). However, there is less evidence on whether adherence to a healthy dietary pattern 

during early stages of CKD is associated with lower risk of CKD progression or mortality 

(8). Clinical guidelines and clinicians have historically recommended that patients with 

CKD stages 1–4 should reduce the amount of sodium and protein in their diet and, at more 

advanced stages of CKD, should limit potassium and phosphorous intake (9). However, the 

optimal daily intake of these nutrients is largely theoretical and there is limited empirical 

evidence for the recommendations’ effectiveness (10). Additionally, nutrient-based dietary 

restrictions are difficult to implement and may result in patients consuming less healthy diets 

(11–13). Consuming a healthy dietary pattern that emphasizes a combination of food groups 

may be easier for patients to follow and be effective in preventing adverse health outcomes.

In 2019, the public review draft of the KDOQI Clinical Practice Guidelines for Nutrition in 

Chronic Kidney Disease suggested future research should focus on implementing dietary 

patterns in clinical trials for CKD patients and should examine multiple dietary patterns with 

CKD progression in a large cohort of established CKD over a long duration (14).
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To address these gaps, we examined associations of four measures of high-quality dietary 

patterns with CKD progression and all-cause mortality in the Chronic Renal Insufficiency 

Cohort (CRIC), a large, prospective cohort of adults with CKD in the U.S.

METHODS

Study Population

The CRIC Study is an ongoing multicenter, prospective cohort study of people with CKD 

(15, 16). In brief, 3,939 men and women aged 21–74 years with an estimated glomerular 

filtration rate (eGFR) 20–70 ml/min/1.73 m2 based on the Modification of Diet in Renal 

Disease (MDRD) study equation were recruited between 2003 and 2008 from seven U.S. 

clinical centers. Participants were ineligible if they were institutionalized, pregnant, or had 

certain severe chronic conditions (15). Participants are followed every six months, with 

annual in-person visits and interim six-month telephone calls. The study protocol was 

approved by institutional review boards of all participating centers. All participants provided 

informed consent.

We included 2,403 participants in our study. Participants were excluded if they did not fill 

out the diet questionnaire at baseline (n=983), had extreme self-reported energy intakes 

[women: <500 or >3,500 kcal/d; men: <700 or >4,500 kcal/d (n=27)], did not have sufficient 

data to calculate all dietary pattern scores (n=419), or were missing covariates of interest 

(n=107). Compared with participants included in our analysis, participants excluded were 

more likely to be male, non-white, have a lower education and lower income, have diabetes, 

hypertension, a history of CVD, and worse kidney measures (Table S1). Dietary scores 

between the two groups were comparable.

Diet Assessment

Diet was assessed using the National Cancer Institute 124-item Diet History Questionnaire 

(DHQ) at baseline, year 2, and year 4. The DHQ has been validated previously (17). 

Participants were asked to self-report frequency and portion size of foods and beverages 

consumed over the preceding 12 months. Nutrient intakes were estimated using Diet*Calc 

software. To leverage the repeated assessment of dietary intake for better precision, we used 

a cumulative average approach to calculate food and nutrient intakes. If participants were 

censored (e.g. had a CKD progression event, died, or lost to follow-up) before year 2, their 

baseline diet was used (47% of participants). If they were censored between years 2 and 4, 

we used the average of baseline and year 2 dietary intake (20% of participants) and if they 

were censored after year 4, we used the average of baseline, year 2, and year 4 dietary intake 

(33% of participants) (18).

The four dietary scores were calculated using responses from the DHQ. The Healthy Eating 

Index-2015 (HEI-2015), Alternative Healthy Eating Index-2010 (AHEI-2010), alternate 

Mediterranean diet (aMed), and DASH scores are commonly used dietary indices to assess 

diet quality and have been defined previously (19–22). The HEI-2015 score ranges from 0 to 

100, consists of 13 components, and was created to assess adherence to the 2015–2020 U.S. 
Dietary Guidelines for Americans (Table S2) (19). The AHEI-2010 score ranges from 0 to 
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110, consists of 11 components, and was designed to incorporate foods and nutrients that 

were associated with total chronic disease based on previous literature (20). The aMed 

ranges from 0 to 9 and includes nine components to assess adherence to a Mediterranean-

style diet in a U.S. population (21). The DASH score ranges from 8 to 40, includes 8 

components, and was created to reflect the DASH diet that was tested in 2 randomized 

feeding trials (22–24).

Outcomes

Our primary outcome was CKD progression, which was defined as a 50% or greater decline 

in eGFR from baseline or ESRD (long-term dialysis therapy or kidney transplantation). 

Time to eGFR halving was imputed assuming a linear decline in kidney function between 

annual visits (25, 26). Information on dialysis and kidney transplantation was obtained 

during follow-up visits and telephone interviews and confirmed by dialysis unit or hospital 

chart review. Ascertainment of ESRD was supplemented by data from the U.S. Renal Data 

System.

Our secondary outcome was all-cause mortality. Deaths were ascertained from reports by 

next of kin, death certificates, hospital records, and linkage with the Social Security Death 

Master File. For the present study, follow-up data was available through January 2018, 

allowing for a maximum duration of 14 years. Participant follow-up was censored at time of 

death, loss to follow-up, or end of the follow-up period.

As a sensitivity analysis, we used a composite of CKD progression or death since death is a 

competing risk for CKD progression.

Assessment of Covariates

Sociodemographic information, medical history, and medication use were obtained at 

baseline through self-reported questionnaires. Physical activity was measured using the 

Multi-Ethnic Study of Atherosclerosis Typical Week Physical Activity Survey, which 

summarizes physical activity into metabolic equivalent task (METs) per week (27). Body 

mass index (BMI) was calculated as weight in kilograms divided by height in meters 

squared. Weight and height were measured using standard protocols (16). GFR was 

estimated using a CRIC-specific equation that includes age, sex, race, cystatin C, and 

creatinine (25). A 24-hour urine sample was used to measure protein excretion. High-density 

lipoprotein (HDL) cholesterol was measured using the enzymatic colorimetric method. 

Diabetes mellitus was defined as a fasting plasma glucose ≥126 mg/dL, a non-fasting plasma 

glucose ≥200 mg/dL, or self-reported use of anti-diabetes mellitus medication. Hypertension 

was defined as mean systolic/diastolic blood pressures ≥140/90 mmHg or self-reported use 

of antihypertensive medications. Blood pressure was based on three seated measurements 

that were obtained by trained staff after five minutes of rest. Participants were asked to self-

report whether they had a history of cardiovascular disease (CVD).

Statistical Analysis

Descriptive statistics of baseline characteristics were summarized by tertiles of each dietary 

score and compared using χ2 tests and ANOVA. Pearson’s correlation coefficients were 
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calculated to assess the correlation between dietary scores. We used Cox proportional 

hazards models to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the 

associations between dietary scores and outcomes. We adjusted for total energy intake, 

clinical site, age, sex, race, education level, income level, eGFR (CRIC equation), 24-hour 

urinary protein, health behaviors, including smoking status, physical activity, and alcohol 

status (for HEI-2015 and DASH only since alcohol was not included in these scores), and 

clinical covariates, i.e. BMI, diabetes mellitus, hypertension, CVD, HDL cholesterol, and 

angiotensin-converting enzyme inhibitor (ACEi) or angiotensin II receptor blocker (ARB) 

use.

We used the median value of the dietary score within each tertile to calculate a p-value for 

linear trend test. To visually evaluate potential non-linearity of the associations, we created 

restricted cubic spline models with 3 knots placed at the median of each tertile of each score. 

We explored potential interactions between dietary scores and sex, age, race, diabetes, BMI, 

and eGFR (<45 and ≥45 ml/min/1.73 m2) on outcomes using the likelihood ratio test. As a 

sensitivity analysis, we repeated the models using baseline dietary intake rather than the 

cumulative average. We also conducted a sensitivity analysis excluding participants who had 

a CKD progression event in the first two years of follow-up to address potential reverse 

causation. In post hoc analyses, we examined the association between individual 

components of the dietary scores and CKD progression and all-cause mortality. We also 

conducted mediation analyses by examining change in effect estimates after additionally 

adjusting for C-reactive protein (CRP), fibroblast growth factor-23 (FGF-23), serum 

bicarbonate, blood urea nitrogen, and uric acid to explore their roles in the diet and CKD 

progression association. All analyses were performed using Stata (version 14.0; StataCorp, 

College Station, Texas). P-values < 0.05 were considered statistically significant.

RESULTS

Baseline Characteristics

Participants who had higher dietary scores, indicating healthier diet quality, were generally 

more likely to be older, female, a college graduate, have a higher income level, be a current 

drinker, have diabetes, higher eGFR, lower urinary protein, higher HDL cholesterol, and 

were less likely to smoke and have hypertension compared with participants in the lowest 

tertile of dietary scores (Table 1). Trends in baseline characteristics were similar across 

tertiles of adherence of all four dietary scores (Tables S3–6). The correlation between scores 

ranged from 0.63 (HEI-2015 and AHEI-2010) to 0.80 (HEI-2015 and DASH) (Table S7).

Dietary Patterns and CKD Progression

Over a median (interquartile range) follow-up time of 7 (3.0–11.5) years, there were 855 

CKD progression events (647 were ESRD events). There were no significant associations 

between HEI-2015 and CKD progression (Table 2). Participants in the highest tertile of 

AHEI-2010 had a 17% lower risk of CKD progression (HR: 0.83, 95% CI: 0.69–0.99) 

compared with participants in tertile 1 (P-trend=0.04). Participants in tertile 3 of aMed score 

had a 25% lower risk of CKD progression compared with participants in tertile 1 (HR: 0.75, 

95% CI: 0.62–0.90) (P-trend=0.002). Hazard ratios for all covariates in the model are 
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reported in Table S8. Higher DASH scores were significantly associated with lower risk of 

CKD progression, comparing participants in tertile 3 with participants in tertile 1 (HR: 0.83, 

95% CI: 0.69–0.99) (P-trend=0.04).

Dietary Patterns and All-Cause Mortality

Over a median (interquartile range) follow-up time of 12 (8.4–13.2) years, there were 773 

deaths. Participants in the highest tertile of HEI-2015 score had a 24% lower risk of all-

cause mortality compared with tertile 1 (HR: 0.76, 95% CI: 0.63–0.92) (P-trend=0.004) 

(Table 2). For the AHEI-2010 score, participants in tertile 3 had a 27% (HR: 0.73, 95% CI: 

0.60–0.88) (P-trend=0.001) lower risk of all-cause mortality compared with participants in 

tertile 1. There were similar inverse associations for aMed (HR: 0.69, 95% CI: 0.57–0.84) 

(P-trend<0.001) and DASH (HR: 0.75, 95% CI: 0.62–0.90) (P-trend=0.002).

Dietary Patterns and Composite Outcome of CKD Progression or Death

Using the composite outcome of CKD progression or death, estimates were similar to our 

results for CKD progression (Table 2). Participants in tertile 3 of AHEI-2010 (HR: 0.82, 

95% CI: 0.71–0.96), aMed (HR: 0.77, 95% CI: 0.66–0.89), and DASH (HR: 0.83, 95% CI: 

0.72–0.97) had a significantly lower likelihood of the composite outcome compared with 

participants in tertile 1.

Sensitivity Analyses

When we examined the individual components of the aMed score, we found that participants 

who consumed more vegetables (HR for T3 vs. T1: 0.80, 95% CI: 0.64–1.00) and nuts (HR 

for T3 vs. T1: 0.75, 95% CI: 0.62–0.90) had a lower likelihood of CKD progression (Figure 

1).

When we individually adjusted for CRP, FGF-23, serum bicarbonate, blood urea nitrogen, 

and uric acid in addition to our main model for CKD progression, we did not find that any of 

these factors were strong mediators (Table S9).

There was a non-significant inverse linear trend between HEI-2015 and CKD progression 

(Figure S1). For the other scores, there was an inverse J-shape, but associations were only 

significant for values greater than the median. We did not find any consistent significant 

interactions by sex, age, race, diabetes, BMI, or eGFR. Our results were similar and slightly 

attenuated when we examined the associations using only the baseline diet instead of the 

cumulative average. When we excluded participants with a CKD progression event in the 

first 2 years of follow-up, the associations persisted.

DISCUSSION

In this prospective analysis of 2,403 individuals with CKD, we observed an inverse 

association between healthy dietary scores and risk of CKD progression and all-cause 

mortality. Higher diet quality based on each of the four dietary patterns evaluated was 

consistently associated with lower risk of death. Our findings were generally consistent 

across subgroups and in sensitivity analyses.
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The association between aMed and CKD progression was the strongest, e.g. tertile 3 

compared with tertile 1 was associated with a 25% reduced risk of CKD progression, 

compared with 17% for AHEI-2010, 17% for DASH, and 9% for HEI-2015. The strong 

association in aMed may be due to the individual components included in the score. We 

found that the vegetables and nuts components were independently associated with lower 

risk of CKD progression. aMed is the only score that includes its own component for nuts. 

Therefore, nuts were weighted more heavily in this index, which may be the reason why it 

had the strongest association. Previous studies have found a significant inverse association 

between a Mediterranean-style dietary pattern and incident CKD (3, 4) but not with CKD 

progression (28). An analysis in the PREDIMED (Prevención con Dieta Mediterránea) 

Study did not find differences in kidney function between participants who followed a 

Mediterranean-style diet compared with participants who followed a control low-fat diet 

after 1 year of follow-up (28).

Our results of an association between healthy dietary patterns and lower risk of CKD 

progression were in line with a previous study that found lower adherence to the DASH 

score was associated with increased risk of ESRD (relative hazard for Q1 vs. Q5: 1.7 (95% 

CI: 1.1–2.7) among people with CKD and hypertension in the NHANES study over a 

median follow-up time of 7.8 years (29). However, our results are contrary to a previous 

meta-analysis of three studies in 2 cohorts, which did not find an association between 

healthy dietary patterns and risk of ESRD (adjusted relative risk: 1.04, 95% CI: 0.68–1.40) 

(30). This may have been due to the relatively few number of ESRD cases recorded (1,027 

events out of 10,071 participants), relatively short follow-up time (maximum of 7 years), or 

crude scoring criteria for healthy dietary scores.

Few randomized clinical trials have tested the effect of a healthy dietary pattern on kidney 

function among people with CKD. A review that included 17 randomized or quasi-

randomized clinical trials of 1,639 people with CKD did not find food-based dietary 

interventions (e.g. DASH diet, Mediterranean diet, American Heart Association diet) to have 

an effect on ESRD, CVD, or all-cause mortality (31). However, healthy dietary interventions 

were associated with lower systolic and diastolic blood pressures and low-density 

lipoprotein cholesterol. In the review of diet interventions, the quality of evidence was very 

low for ESRD and mortality due to the short follow-up time of the studies and, consequently, 

the limited number of events. Previous randomized intervention studies have demonstrated 

that high consumption of fruits and vegetables among people with stage 2 and stage 4 CKD 

reduced markers of kidney injury and was comparable to the group that received oral sodium 

bicarbonate in regards to metabolic acidosis (32, 33). More trials are warranted to establish a 

causal association between healthy dietary interventions and kidney function among CKD 

patients.

Earlier studies have found an association between healthy dietary patterns and greater 

survival among people with CKD. In a meta-analysis of seven cohort studies, a healthy 

dietary pattern (rich in vegetables, fruits, legumes, whole grains, and fiber and low in red 

meat, sodium, and refined sugars) was associated with lower risk of mortality (adjusted 

relative risk: 0.73, 95% CI: 0.63–0.83) (30). Our results were consistent with these previous 

findings as all four of our dietary scores were inversely associated with all-cause mortality 

Hu et al. Page 8

Am J Kidney Dis. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and similar in magnitude (HRs: 0.69 to 0.76) to the pooled estimate reported in the meta-

analysis. The stronger inverse associations observed for death vs. CKD progression may be 

due to the beneficial impact of healthy diets on multiple chronic disease outcomes (CKD, 

CVD, cancer, diabetes) which can all increase mortality risk.

There may be several plausible biological mechanisms to explain the association between 

dietary patterns and CKD progression. Previous literature has suggested that a high dietary 

acid load may increase renal injury and CKD progression by elevating ammonium 

concentrations, causing complement activation or by stimulating endothelin-1 and 

aldosterone production, leading to fibrosis (34–36). Animal protein increases dietary acid 

load by producing acid after ingestion while fruits and vegetables decrease dietary net acid 

load because they are base-producing (35). Because healthy dietary patterns are 

characterized by high amounts of fruits and vegetables and low amounts of red and 

processed meats, they tend to have low dietary acid loads (37). Furthermore, fruits and 

vegetables contain numerous phytochemicals that may reduce oxidative stress and 

inflammation, and also deliver fiber, which can impact the gastrointestinal microbiota (38). 

A healthy low-fat diet that is rich in fiber has been found to be associated with increased 

microbiota diversity compared with moderate-to-low fiber diets and high-fat diets (39, 40). 

Adherence to a Mediterranean-style diet has been found to be associated with higher levels 

of short chain fatty acids, a marker of healthy microbiota from bacterial fermentation of 

complex carbohydrates, and higher proportions of beneficial microbiota (41, 42). In 

advanced CKD, uremia, accumulation of metabolites such as uric acid, and inadequate fiber 

may alter the biochemical environment, leading to dysbiosis, which may increase uremic 

toxins such as trimethylamine-N-oxide, indoxyl sulfate, and p-cresyl sulfate (42). These 

alterations in the gut are associated with increased CKD progression and complications.

In our study, we found that nuts were associated with lower risk of CKD progression. Nuts 

are a rich source of dietary magnesium, protein, phytate, and unsaturated fatty acids. Dietary 

magnesium may improve renal function by preventing endothelial dysfunction and 

inflammation (43, 44). Plant sources of protein including nuts and legumes have been found 

to be associated with lower serum concentrations of fibroblast growth factor-23 and higher 

serum bicarbonate levels, improving kidney function (45). Nuts and also deliver phytate, 

which improves phosphorus metabolism by lowering the rate of intestinal phosphorus 

absorption (46). Furthermore, nuts have important prebiotic properties due to high fiber 

content and polyphenols, which form bioactive metabolites when metabolized by the gut 

(42).

Our study had limitations. First, diet was self-reported by FFQs, which might have resulted 

in measurement error (47). To increase precision, we used a cumulative average of all 

available FFQs (18). Participants excluded from our study had less healthy baseline 

characteristics compared with included participants. Therefore, our results might 

underestimate the true association as our study population consisted of healthier participants. 

Second, the dietary scores that we examined are commonly used indices to assess diet 

quality among the general population. However, they may not be the optimal dietary patterns 

or scores for people with CKD, who still might benefit from restriction of certain nutrients. 

Our research suggests that diets high in fruits, vegetables, nuts, and legumes may be 
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beneficial for kidney function but more randomized clinical trials intervening on dietary 

patterns are warranted to determine the optimal dietary pattern for people with CKD. Further 

evidence is needed to determine whether clinicians should recommend dietary patterns in 

lieu of or in addition to nutrient restrictions. Due to the observational nature of this study, 

there is likely to be residual confounding. However, we adjusted for known confounders, 

which were rigorously measured by trained staff. Our study also had several strengths. First, 

the cohort was very diverse, with white, black, and Hispanic men and women from seven 

sites, allowing for greater generalizability to people with CKD in the U.S. Second, the 

follow-up time was longer than previous studies, with a maximum of 14 years. Third, we 

had rigorous follow-up with ascertainment of CKD progression, incorporating both in-

person visit data and linkage to the national registry for ESRD.

In summary, our study found that adherence to several healthy dietary patterns among 

people with CKD was associated with lower risk of CKD progression and even more 

strongly associated with lower risk of all-cause mortality. Our findings support a shift of 

nutritional advice for CKD patients from managing single nutrients to considering an overall 

food-based dietary pattern for better health outcomes. Future kidney guidelines should 

consider adopting a patterns approach to dietary recommendations.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Risk of chronic kidney disease progression by component of aMed score (comparing 
tertile 3 to tertile 1)
Risk of chronic kidney disease progression by component of aMed score (comparing tertile 

3 to tertile 1)a.
a Cox proportional hazards models to estimate hazard ratios (HR) and 95% confidence 

intervals (CI) on a logarithmic scale. Hazard ratios can be interpreted as the likelihood of 

chronic kidney disease progression comparing participants in tertile 3 to participants in 

tertile 1 for the given component of aMed score. Models were adjusted for total energy 

intake, clinical site, age, sex, race, education, income level, estimated glomerular filtration 

rate, urinary protein, smoking status, physical activity, body mass index, diabetes mellitus, 

hypertension, cardiovascular disease, high-density lipoprotein cholesterol, angiotensin-

converting enzyme inhibitor or angiotensin II receptor blocker use, and all other components 

of the aMed score.

aMed, alternate Mediterranean diet; MUFA, monounsaturated fatty acids; SFA, saturated 

fatty acids.
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