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Abstract  

 

Previous analyses of the Brazilian Longitudinal Study of Adult Health (ELSA-

Brasil) identified four main dietary patterns (DP). The aim of this study was to 

explore the association between the previously defined DP and renal function 

(RF). A cross-sectional study using the ELSA-Brasil baseline data was carried 

out. DP (“traditional", "fruits and vegetables", "bakery", and "low sugar/low fat), 

metabolic syndrome (MS) using the Joint Interim Statement criteria, 

microalbuminuria (MA), and glomerular filtration rate (eGFR) through the CKD-

EPI equation were evaluated. Abnormal RF was defined as eGFR<60 mL·min–

1·(1.73 m2)–1 and MA≥3.0 mg/dL. Factors associated with RF were determined 

and mediation analysis was performed to investigate the association between 

DP, MS, and RF. A total of 15,105 participants were recruited, with a mean age 

of 52±9 years; 8,134 participants (54%) were females. The mediation analysis 

identified indirect associations between "bakery" and "fruits and vegetables", 

and both were associated with decreased eGFR and albuminuria in both 

genders, compared with "traditional" and "low sugar/low fat" patterns in the 

general population. There was a direct association of the "bakery" pattern with 

MA in men (OR: 1.17, 95%CI: 1.92–1.48). The "fruits and vegetables" pattern 

also showed a direct association with reduced eGFR in women (OR: 1.65, 

95%CI: 1.28–2.12), although there was no significance after adjustment. The 

"fruits and vegetables" and "bakery" DPs were associated with renal 

dysfunction. The only independent, direct association was between "bakery" DP 

and MA in men, raising concerns about DP and renal damage in men.  

 

Key words: Dietary pattern; Feeding behavior; Kidney diseases; Albuminuria; 

Glomerular filtration rate 
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Introduction 

 

Despite the recession that started after 2015 due to the economic 

changes that occurred after the 2008–2009 global financial crisis, in the past 

decades, the socioeconomic progress of Brazil has been remarkable and 

internationally noted. The country has been successful in reducing income 

inequalities and poverty, although it is still one of the most unequal societies 

worldwide (1,2).  

The emerging better economy of Brazil has had an important impact on 

Public Health, including increased life expectancy and reduction in infant 

mortality, however, it has increased the rates of chronic, non-communicable 

diseases, obesity, hypertension, and diabetes, all risk factors for chronic kidney 

disease (CKD) (3,4). The population's dietary habits have also changed 

dramatically over recent decades, unfortunately for the worst. A recent, large 

population-based study carried out in Brazil identified a higher frequency of 

unhealthy eating habits in adults, with low regular consumption of fruits and 

vegetables and a high consumption of soft drinks and red meat (5). 

All of these changes could have contributed to the high burden of CKD in 

Brazil, which is growing, and has been increasingly recognized as a global 

Public Health concern (6). CKD affects approximately 8.2% of the Brazilian 

population and is currently among the top 10 causes of death in Brazil, 

representing 2.62% of all-cause mortality in this country (7). From 2009 to 2018, 

the estimated global prevalence of patients on chronic dialysis went from 405 to 

640 per million people, corresponding to an absolute increase of 58%, with an 

average increase of 6.4% per year (8). This growing number of patients is 

unsustainable for the health system, and preventive, upstream public health 

measures, such as those influencing diet and physical activity, are urgently 
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needed to tackle the growing problem. 

 Previous studies in other settings have identified associations between 

some dietary patterns and CKD, and dietary changes have been proposed as 

an important approach to slow CKD progression (9–12). "Healthy" dietary 

habits, including sodium restriction, fruits and vegetables consumption, and 

increased water intake may slow early CKD progression, as suggested in 

previous studies (12). A recent study showed an association between sodium 

restriction and lower levels of albuminuria in Chinese adults from a region 

where hypertension is highly prevalent (13). A large cohort conducted in the 

USA, with more than 500,000 adults, showed that healthy diets based on 

scores (Alternate Healthy Eating Index, Healthy Eating Index, Mediterranean 

Diet Score, and Dietary Approaches to Stop Hypertension - DASH) were 

associated with a reduced risk for CKD (14). Another cohort study, also in the 

USA, but with a smaller sample (1,534), found a significant association between 

"poor accordance to a DASH dietary pattern” and glomerular filtration rate 

decline in patients with hypertension (15). Increased intake of fruits and 

vegetables and limiting alcohol consumption were associated with a lower risk 

of requiring dialysis or renal function worsening in patients with CKD stages 3–4 

(16). 

In Brazil, there have been few studies on this subject. A recent study 

comparing patients with CKD to those without CKD showed that CKD patients 

tend to have a healthier diet, mainly based on healthcare advice (17). In the 

largest cohort study performed in Brazil, the Longitudinal Study of Adult Health 

(ELSA-Brasil), cluster analyses of dietary behaviors identified four dominant 

dietary patterns in the population according to the frequency of consumption of 

key components: traditional, fruits and vegetables, bakery, and low sugar/low fat 

pattern (18). The association between these dominant dietary patterns and the 

presence of CKD has not been explored.  

Therefore, the aim of this study was to explore the association between 

these predominant dietary patterns in Brazil and renal function using baseline 

data from the ELSA-Brasil cohort study. We hypothesized that dietary patterns 

can be associated with renal function, and this association can be influenced by 

metabolic syndrome (MS) components (elevated waist circumference, 

hypertension, diabetes, dyslipidemia), through a mediation model of 
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association. 

 

Material and Methods 

 

Study design 

This multicenter prospective cohort study, ELSA-Brasil, began in 2008 

and provided data for the present investigation. This study is described in detail 

elsewhere (19,20). Briefly, the ELSA-Brasil was designed to understand the 

development and progression of clinical and subclinical chronic diseases. At 

baseline, ELSA-Brasil enrolled 15,105 active or retired employees from 6 large 

Brazilian cities (Belo Horizonte, Porto Alegre, Rio de Janeiro, Salvador, Sao 

Paulo, and Vitoria), located in the Northeast, Southeast, and South regions of 

Brazil (19,20). The ELSA-Brasil study was approved by the ethics committee of 

each participating institution, and participants gave written informed consent 

before enrollment in the study. The present investigation, a cross-sectional 

study using baseline data from the ELSA-Brasil population, explored the 

associations of dietary patterns and renal function, considering MS components 

as possible mediators of this association.  

 

Study population 

The study population is comprised of adults aged 35 to 74 years, living in 

Brazil, all civil servants from public universities and research institutes. This 

population was chosen aiming to minimize losses to follow-up related to 

geographical mobility. Exclusion criteria included severe cognitive or 

communication impairment, intention to quit work at the institution in the near 

future for reasons not related to retirement, and, if retired, residence outside the 

corresponding metropolitan area (20). A total of 14,921 participants had the 

glomerular filtration rate (GFR) estimated and 14,640 had albuminuria 

measured and were then included in the analysis. 

 

Measurements 

Data were obtained on age, gender, ethnicity, level of schooling 

(elementary school or lower, high school, university or higher – based on 

employees' registers), anthropometry (weight, height, body mass index - BMI, 
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and waist circumference), using standardized techniques (19), dietary patterns, 

MS components, serum creatinine, microalbuminuria (MA), and estimated 

glomerular filtration rate (eGFR). 

 

Dietary assessment 

Food consumption was measured through a previously validated food 

frequency questionnaire (21) and then the number of food frequency categories 

was redefined using multiple correspondence analysis (MCA) in each food 

group and cluster analysis to identify the dietary patterns. As shown in Table 1, 

the four main dietary patterns previously defined in ELSA-Brasil cohort were 

based on the presence or absence of consumption of the so-called key foods: 

traditional pattern (beans, rice, refined cereals), fruits and vegetables pattern 

(green vegetables, fruits, little red meat), bakery pattern (refined cereals, bread, 

cookies, fried chicken, dairy products), and low sugar/low fat pattern 

(wholegrain cereals, skim milk, sugar-free or soy-based beverages) (18).  

We decided to conduct an analysis of the general sample and a separate 

analysis by gender (male and female) to investigate possible associations 

between these dietary patterns and renal function, as it has already been 

demonstrated that there are significant differences in the prevalence of dietary 

patterns between men and women in this cohort's baseline analysis (the 

"traditional" and "bakery" patterns were more frequent in men, while "fruits and 

vegetables" and "low sugar/low fat" were more frequent in women) (18). 

 

Renal function 

Renal function was assessed by the eGFR, estimated through the CKD-

EPI equation, with one blood sample collection (22), and by MA, using the 

albumin-creatinine ratio (ACR) with a 12-h urine collection. We considered 

abnormal renal function as eGFR<60 mL·min–1·(1.73 m2)–1 and an abnormal MA 

as ≥30mg/dL (23). The kinetic Jaffé's method was used to measure urinary 

creatinine levels (Advia 1200 Siemens, USA), and the immunochemical assay 

was used to measure urinary albumin (BN II Nephelometer Siemens Dade 

Behring, USA). All analyses were performed at the University of Sao Paulo.  

 

Other measurements 
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Covariates. The MS components were defined as: elevated waist 

circumference (≥102 cm in men and ≥88 cm in women), arterial hypertension 

(AH, previous diagnosis or systolic blood pressure ≥140 mmHg and/or diastolic 

blood pressure ≥90 mmHg), diabetes mellitus (DM, fasting glucose ≥100 

mg/dL), high-density lipoprotein (HDL) <40mg/dL in males and <50 mg/dL in 

females, and triglycerides ≥150 mg/dL, according to the standard guidelines 

(24). Normal weight was considered as BMI within the range of 18.5 to <25 

kg/m2, underweight as BMI <18.5 kg/m2, overweight as BMI between 25 and 

<30 kg/m2, and obesity as BMI ≥30 kg/m2 (25). Other measurements were: age 

(classified in age groups: 35–44, 45–54, 55–64, 65–74), gender, ethnicity 

(black, white, "mixed-race" – which is the typical Brazilian mixture of races, 

Asian, and the Brazilian indigenous population), level of schooling (elementary, 

high school, university), time of DM, and time of AH, with both variables being 

reported only by those individuals who already knew themselves to be diabetic 

and/or hypertensive, respectively, in the cohort baseline. All these other 

measurements were assessed through the previously described self-reported 

questionnaires (26). 

 

Statistical analysis 

All statistical analyses were conducted using STATA® software 

(StataCorp, USA), version 12, and for the descriptive statistics, continuous 

variables are reported as means±SD. The Student's t-test for independent 

samples was used to test the difference between the groups according to eGRF 

and MA. Pearson's chi-squared test or Fisher's exact test was used to test 

differences in proportions between the eGRF and MA groups. Multivariable 

odds ratios (adjusting for age, gender, ethnicity, and level of schooling) with 

95% confidence intervals were derived using logistic regression. Subgroup 

analyses with diabetic patients and hypertensive individuals by gender were 

also performed. 

The mediation analysis hypothesizes that an independent variable "X" 

affects a dependent variable "Y" through one or more potential intervening 

variables, or "M" mediators (27). This model was conducted to investigate the 

association between dietary patterns, MS, and renal function. Therefore, in the 

present study, we investigated if the dietary patterns ("X") are associated with 
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renal dysfunction ("Y"), and if this association is mediated by intervening 

variables, which could be components of the MS ("M"). A P value <0.05 was 

considered statistically significant. 

 

Results 

 

The participants' mean age was 52±9 years, 8134 (54%) were females, 

6078 (41%) were overweight, 3455 (23%) were obese, 2967 (20%) had DM, 

5402 (36%) had systemic arterial hypertension (SAH), 691 (5%) had eGFR<60 

mL·min–1·(1.73 m2)–1, and 734 (5%) had albuminuria ≥30 mg/g of Cr 

(Supplementary Table S1). Reduced eGFR was observed in 354 men (5.2%) 

and 337 women (4.1%) (P=0.002), while MA was found in 406 men (6.0%) and 

328 women (4.1%) (P<0.001). 

The analysis of the distribution of dietary patterns identified the traditional 

or mixed Brazilian diet in 45.7%, fruits and vegetables pattern in 25.5%, bakery 

pattern in 24.4%, and low sugar/low fat pattern in 4.3% of the cohort 

participants. The most frequent dietary pattern among the female participants 

with both normal and reduced eGFR was "fruits and vegetables" (30.4 and 

43.9%, respectively), while the most frequent dietary pattern among the male 

participants was the "traditional" one (40.1% of those with reduced eGFR and 

48.4% of those with normal eGFR) followed by the "bakery" pattern (34.1 and 

30.9%) (Supplementary Table S1). Similar patterns were observed according to 

MA levels, but among women with MA, the "traditional" pattern, identified in 

40.2% (44% of those without MA), was followed by "fruits and vegetables" in 

32% (30.9% of those without MA) (Supplementary Table S2). Analyzing the 

distribution of eGFR according to the dietary pattern, the highest prevalence of 

reduced eGFR was found in men (with all dietary patterns), of which the highest 

were identified in those with the "fruits and vegetables" and "bakery" patterns 

(6.5 and 5.8% respectively; Figure 1). The only statistically significant difference 

between men and women was related to the traditional pattern, in which 

reduced eGFR prevalence was higher among men (4.4 vs 2.9%; Figure 1).  

Statistically significant univariate associations in the general population 

were identified between measures of kidney function and damage (reduced 

eGFR and MA) and age, male gender, presence of AH, DM, 
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hypertriglyceridemia, overweight and obesity, waist circumference, MS, and 

dietary patterns (Supplementary Tables S1 and S2). The univariate analysis 

performed in the subgroup of diabetic patients showed an increased association 

of MA with the "bakery" pattern (P=0.019), with no significant association of this 

diet with either male or female gender. In the subgroup of hypertensive patients, 

there was also an association of MA with the "bakery" pattern (P<0.001), which 

was also identified only in men (P=0.017). There was no significant association 

between eGFR and dietary patterns in any of the subgroups. 

Logistic regression performed in the diabetic subgroup revealed a 

reduced GFR association with excessive alcohol consumption (OR 0.26; 95%CI 

0.08–0.8; P=0.019), presence of AH (OR 2.93; 95%CI 1.70–5.05; P<0.001), 

older age (OR 1.12; 95%CI 1.09–1.16; P<0.001), and DM time (OR 1.02; 

95%CI 1.01–1.04; P=0.010), in addition to an association between increased 

MA with lower levels of schooling (incomplete elementary school: OR 1.95; 

95%CI 1.25–3.05; P=0.003), hypertriglyceridemia (OR 2.02; 95%CI 1.49–2,73; 

P<0.001), and DM time (OR 1.04; 95%CI 1.03–1.06; P<0.001). In the 

hypertensive individuals' subgroup, there was an association of reduced GFR 

with lower levels of schooling (complete elementary school: OR 1.46; 95%CI 

1.07–2.00; P=0.018), low HDL levels (OR 1.52; 95%CI 1.21–1.92; P<0.001), 

presence of DM (OR 1.40; 95%CI 1.15–1.71; P=0.001), and older age (OR 

1.12; 95%CI 1.10–1.13; P<0.001), and also MA with low levels of schooling 

(incomplete elementary school: OR 1.8; 95%CI 1.27–2.53; P=0.001), presence 

of DM (OR 2.82; 95%CI 2.27–3, 5; P<0.001), and AH time (OR 1.02; 95%CI 

1.01–1.03; P=0.002).  

The mediation analysis showed that the "bakery" pattern had a total 

significant association with renal function for both men and women, but a direct 

association only in men regarding MA. The "fruits and vegetables" pattern also 

showed a significant association with renal function, with total and direct 

associations with reduced eGFR only in women (Supplementary Table S3). In 

the proposed models shown in Figures 2 and 3, the MS components had a 

direct association with renal dysfunction (reduced eGFR and MA). The "bakery" 

pattern had a direct association with MA in men (Figure 2), while the "fruits and 

vegetables" pattern had a direct association with reduced eGFR in women 

(Figure 3). Overall, dietary patterns showed an indirect association with renal 
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dysfunction, as shown Supplementary Table S3. 

 

Discussion 

 

This is the first study in Brazil and one of the largest in the world to 

investigate the association between dietary patterns and renal function in a 

large cohort of adults, and important associations were found. Using pre-

defined predominant dietary patterns derived from the cluster analysis (18), in 

the general population, the "bakery" and "fruits and vegetables" patterns 

showed significant associations with reduced eGFR and MA, with important 

differences between genders. We have found a significant direct association 

between the "bakery" pattern and MA in men, while a direct association was 

found between the "fruits and vegetables" pattern and reduced eGFR in 

women. So far, it is not possible to ensure that there is a cause-and-

consequence relationship linked to our findings due to the cross-sectional 

design of the present study, but further analysis will be performed when 

prospective data from the ELSA-Brasil cohort are available. It is possible that 

participants adopting a "non-healthy" diet, such as "bakery” products, have a 

higher incidence of renal dysfunction or a more accelerated CKD progression. 

Other factors may appear in the new analysis, which may play a role in causing 

or worsening CKD in this population. 

The study of dietary patterns is important because it represents the 

groups of food an individual commonly and regularly consumes (18,28). In a 

cross-sectional study with women from Ireland, a "non-healthy" diet ("Western-

like") was significantly associated with CKD compared to the group adopting 

healthy dietary patterns ("DASH" or "Mediterranean" patterns) (29). "Healthier" 

diets, such as DASH and the Mediterranean diets, are associated with lower 

cardiovascular risk and mortality (30).  

The ELSA-Brasil cohort allowed the identification of four dietary patterns 

in Brazilian adults, which may reflect the dietary habits in Brazil. Detailed 

characteristics of these patterns have been previously published (18) and are 

specified in the methods sections of this manuscript. These patterns may reflect 

the most common dietary patterns adopted by Brazilian people, although this is 

not a population-based study. The association between these patterns and renal 
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function have not been investigated in the ELSA-Brasil cohort or in other studies 

carried out in Brazil. Reduced eGFR and MA were more frequent in participants 

that adopted the "fruits and vegetables" and "bakery” products patterns in the 

general population, and no significant differences were observed between men 

and women regarding the associations of these patterns with renal function.  

Although it was shown only in the univariate analysis, in diabetic patients, 

the subgroup analysis revealed an association between the "bakery" dietary 

pattern and MA, with no gender differences. There was also an association 

between the "bakery" pattern and MA in hypertensive patients, with this 

association being also identified in men. No association was shown between 

dietary patterns and eGFR. A Chinese study that evaluated the association 

between dietary patterns and kidney function in diabetic patients showed that 

only a "healthier diet", rich in fish and vegetables, had a significant association 

with better parameters of kidney function (10). The findings of a study carried 

out with hypertensive patients and moderate CKD found that a low acceptance 

of a healthy diet (DASH diet) was associated with an increased risk of end-

stage CKD (31). Our findings are in agreement with both above-mentioned 

studies. 

For men and women in the general population, mediation analysis 

showed that the "bakery" pattern had a total and indirect association with 

reduced eGFR. For men, the "bakery" pattern showed a total, indirect and direct 

association with MA, which means an association independent of the MS, while 

for women, this pattern showed an indirect association only, which means a 

mediation by MS. These findings illustrated a possible causal role of this "non-

healthy" diet consisting predominantly of bakery products, being a probable risk 

factor for CKD, and may reflect the adoption of healthier dietary habits by those 

with diagnosed MS components (diabetes, hypertension, dyslipidemia, and 

obesity) or CKD. However, we could not identify the direction of causality in the 

present study due to the cross-sectional nature of the analysis. 

The "fruits and vegetables" pattern showed an indirect association only, 

with reduced eGFR for men, which means that MS significantly influenced this 

association, while for women, this pattern showed a total, indirect, and direct 

association. These gender differences may be due to the fact that, even when 

they have MS and other risk factors for CKD, men adopt a healthier diet less 
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frequently than women. Women take better care of their health compared to 

men and also show a higher frequency of healthcare seeking, which could lead 

to them being more often diagnosed with health problems and, as a 

consequence, adopt healthier diets. In general, women seek healthcare 

professionals more frequently than men (32,33). Therefore, the association 

between the "fruits and vegetables" dietary pattern and renal dysfunction may 

derive from reverse causality, which is an important issue to be discussed in 

epidemiological studies (34).  

Other studies suggest that some dietary patterns are associated with 

kidney function. A diet characterized by high amount of grains, fruits, 

vegetables, and dairy food, with low-fat products was associated with lower MA 

levels (35). In a cohort of 3,121 women in the USA, three dietary patterns were 

identified: a "prudent" diet (fruits, vegetables, white meat, and grains), the 

"Western diet" (red meat, processed meat, saturated fat, and sweets), and the 

DASH diet (fruits and vegetables, whole grains, other mineral-rich foods, low 

saturated fats, and low-sodium) (36). The Western diet was associated with MA, 

while the DASH dietary pattern was associated with lower renal function decline 

and lower frequency of MA (37,38). The "prudent" diet described in that study is 

similar to the "fruits and vegetables" diet found in our study. Other studies also 

showed a significant association between the DASH diet and low CKD risk 

(38,39). In the present study, we can also propose the fact that this is a cohort 

of individuals with higher socio-economic level, as they are civil servants from 

Brazilian universities, as a possible cause for the association we found between 

a healthier diet ("fruits and vegetables") and renal dysfunction, in addition to the 

above-mentioned reasons,. Therefore, this cohort consists of individuals who 

have greater access to adequate medical guidance and care and who, because 

they have a higher educational level, probably also have a greater capacity to 

put into practice healthier dietary standards advised by health teams, aiming to 

treat their previously diagnosed kidney disorders. The association between a 

"healthy" diet and renal dysfunction has also been previously demonstrated 

(17).  

The study of different dietary patterns has resulted in recommendations 

for healthier diets, such as the DASH and Mediterranean diets. The DASH 

pattern has been found to be associated with a decreased risk of GFR decline. 
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The Western diet (higher intake of red meat, saturated fat, and sweets) was 

found to be associated with a higher risk for developing MA (38). Governments 

and authorities have proposed some nutritional guidelines for both health 

professionals and the general population in an attempt to achieve a healthier 

lifestyle and thus prevent chronic diseases. The World Health Organization has 

recently published guidelines regarding a healthy diet, emphasizing its benefits 

for preventing non-communicable diseases, including hypertension (40). The 

most recent Brazilian dietary guide for the general population adopts this 

practice and stimulates the consumption of natural foods, salt intake reduction, 

and avoidance of ultra-processed foods (41). Our study may highlight some 

novel aspects of the dietary patterns in Brazil and CKD risk, which could be 

included in the next guidelines aiming at prevention and increased awareness 

of the potentially harmful dietary components. 

This is a large Brazilian cohort with accurate data on diet, which may 

provide an insight of the dietary patterns adopted in Brazil. We had a high 

proportion of participants in this cohort who had eGFR and albuminuria 

measured, and the CKD-EPI equation was used, which provides a very 

accurate estimation of renal function. This is the first study in our region to show 

an association between dietary patterns and renal function, and one of the 

largest in the world.  

In summary, renal function in this analysis was associated with dietary 

patterns, predominantly the "fruits and vegetables" and "bakery” products 

patterns. The analysis of cause and effect of diet on renal function was not 

possible due to the cross-sectional design that was used, since we only had 

baseline data from the ELSA-Brasil cohort. The "fruits and vegetables" and 

"bakery” products dietary patterns were associated with renal dysfunction, 

varying with gender. A "non-healthy" dietary pattern ("bakery") possibly had a 

negative impact on renal function, while a "healthy" pattern ("fruits and 

vegetables") may be associated to renal dysfunction in our analysis as this 

pattern was often prescribed for people at risk for CKD, as seen in a previous 

cross-sectional study (17). This "healthy" diet option seemed to be more 

frequently adopted by women, who are known to seek medical help more often 

than men.  

 



14 

 

Study limitations  

The main study limitation was the cross-sectional design; therefore, it 

was not possible to demonstrate a causal association between dietary patterns 

and renal function until now; also, findings due to reverse epidemiology can be 

observed. Further studies in this cohort will provide some evidence on causal 

associations between diet and renal function and may rule out the reverse 

epidemiology findings.  

Another limitation that we should point out is that the ELSA-Brasil study 

is not a population-based study, because this cohort evaluates civil servants in 

Brazil, people who usually have a higher than average socioeconomic level. 

Therefore, the findings may not represent the Brazilian population as a whole. 

In addition, the single-sample estimation of renal function (eGFR) limits the 

accuracy for the diagnosis of CKD or even rules out any transitory or acute 

renal function decrease, which can bias the results. However, the findings 

reported in the present study are of great importance because they showed, in 

an unprecedented way, an important correlation between dietary patterns and 

renal dysfunction in Brazil. 
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Figure 1. Distribution of dietary patterns according to estimated glomerular 

filtration rate (eGFR) in men and women. aP=0.0007, bP=0.52, cP=0.11, dP=0.68 

(Fisher's exact test). 
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Figure 2. Results of mediation analysis. Association between dietary patterns 

and renal function mediated by metabolic syndrome for men (analysis adjusted 

for age, gender, ethnicity, and level of schooling). Comorbidities/metabolic 

syndrome components: elevated waist circumference, hypertension, diabetes, 

dyslipidemia, and obesity. 
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Figure 3. Results of mediation analysis. Association between dietary patterns 

and renal function mediated by metabolic syndrome for women (analysis 

adjusted for age, gender, ethnicity, and level of schooling). 

Comorbidities/metabolic syndrome components: elevated waist circumference, 

hypertension, diabetes, dyslipidemia, and obesity. 
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Table 1. Dietary patterns in the ELSA-Brasil cohort.  

  

Dietary pattern Frequency of food consumption 

Daily consume Weekly consume Daily or weekly 

consume 

Absence of consume 

Traditional 

 

Semi-skimmed milk 

and dairy products 

Milk and dairy 

products semi-

skimmed; refined 

cereals; white meats; 

fruits and vegetables 

in general 

More energy-dense 

confectionery; 

processed red meats 

and eggs; nuts; 

beans; 

other legumes; 

beverages with 

sweeteners and 

beverages with sugar 

Fast food 

Fruits and 

vegetables 

 

Pumpkin and 

cabbage; white 

cheese and semi-

skimmed milk; light 

green vegetables; 

popular and less 

popular fruit; pasta 

and instant pasta; raw 

green vegetables and 

chicken breast 

 Coconut water Processed red meats 

and eggs; beans; 

refined cereals and 

confectionery 

Bakery products Broiled or fried 

chicken; whole milk 

and dairy products; 

refined cereals; potato 

and flours 

  Nuts and other grains; 

lentils and other 

legumes; fruits and 

vegetables 

Low sugar/low fat Sugar-free and soy-

based beverages; 

oats 

 Skimmed milk; whole-

grain rice and less 

energy-dense 

confectionery 

 



Supplementary Material 

Table S1. Characteristics according to glomerular filtration rate (GFR) in the ELSA-Brasil participants. 

 

 General sample (with eGFR)  Women  Men 

GFR<60 mL·min–

1·(1.73 m2)–1 (n=691) 

GFR≥60 mL·min–

1·(1.73 m2)–1 (n=14230) 

 GFR<60 mL·min–

1·(1.73 m2)–1 (n=337) 

GFR≥60 mL·min–

1·(1.73 m2)–1 (n=7797) 

 GFR<60 mL·min–

1·(1.73 m2)–1 (n=354) 

GFR≥60 mL·min–

1·(1.73 m2)–1 (n=6433) 

Age group (years) n % n %  n % n %  n % n % 

   35–44 23 (3.4) 3317 (23)a  10 (2.9) 1769 (22.6)a  13 (3.6) 1548 (24)a 

   45–54 106 (15) 5833 (40.4)  50 (14.8) 3206 (41.1)  56 (15.8) 2627 (40.8) 

   55–64 250 (35.6) 3984 (27.6)  145 (43) 2234 (28.6)  105 (29.6) 1750 (27.2) 

   65–74 323 (46) 1269 (9)  138 (40.9) 666 (8.5)  185 (52.2) 603 (9.3) 

Race         

   Black 135 (19.2) 2262 (15.7)b  84 (24.9) 1372 (17.5)a  51 (19.4) 890 (13.8)b 

   "Pardo" 178 (25.3) 4024 (27.9)  83 (24.6) 2092 (26.8)  95 (26.8) 1932 (30) 

   White 352 (50.1) 7439 (51.6)  158 (46.8) 4034 (51.7)  194 (54.8) 3405 (52.9) 

   Asian 15 (2.1) 359 (2.4)  8 (2.3) 238 (3.0)  7 (1.9) 121 (1.8) 

   Indigenous 11 (1.5) 146 (1.1)  4 (1.1) 61 (0.7)  7 (1.9) 85 (1.3) 

Education level         

   University 338 (48.1) 7612 (52.8)a  161 (47.7) 4311 (55.2)a  177 (50) 3301 (51.3)a 

   High school 199 (28.3) 5034 (34.9)  107 (31.7) 2856 (36.6)  92 (25.9) 2178 (33.8) 

   Elementary 165 (23.5) 1757 (12.1)  75 (22.2) 708 (9.0)  90 (25.4) 1049 (16.3) 

Hypertension 479 (68.2) 4923 (34.1)  223 (66.1) 2419 (31)a  256 (72.3) 2504 (38.9)a 

Diabetes 281 (40) 2686 (18.6)a  119 (35.3) 1247 (15.9)a  162 (45.7) 1434 (22.2)a 

Low HDL levels 164 (23.3) 2549 (17.6)a  80 (23.7) 1624 (20.8)ns  84 (23.7) 925 (14.3)a 

Hypertriglyceridemia 291 (41.4) 4412 (30.6)a  112 (33.2) 1780 (22.8)a  179 (50.5) 2632 (40.9)a 

Smoking 281 (40) 4252 (29.5)a  98 (29) 1999 (25.6)b  183 (51.6) 2253 (35)a 

Excessive alcohol 

use 

44 (6.2) 1081 (7.5)ns  14 (4.1) 273 (3.5)a  30 (8.4) 808 (12.5)b 

Anthropometric         
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a: p<0.001; b: p<0.005 (Chi-squared test, Fisher’s exact test and Student’s t test). BMI: body mass index; HDL: high-

density lipoprotein. 

 

 

 

 

 

 

 

   Status (BMI) 5 (0.7) 136 (0.9)a  3 (0.8) 74 (0.9)a  2 (0.5) 62 (0.9)b 

   Underweight 181 (25.7) 5244 (36.4)  86 (25.5) 3055 (39.1)  95 (26.8) 2189 (34) 

   Normal weight 312 (44.4) 5766 (40)  138 (40.9) 2824 (36.2)  174 (49.1) 2942 (45.7) 

   Overweight 204 (29) 3251 (22.5)  116 (34.4) 1919 (24.6)  88 (24.8) 1332 (20.7) 

   Obesity         

Waist circumference 

(cm) (mean±SD) 

95.5 ± 12.1 91.0 ± 12.7a  92 ± 12.4 87 ± 12.5a  98 ± 10.8 95 ± 11.7a 

   Elevated waist 

circumference  

571 (81.3) 9896 (68.7a  289 (85.7) 5576 (71.5)a  282 (79.6) 4320 (67.1)a 

Dietary patterns         

    Low sugar/low fat 32 (4.5) 617 (4.2)a  22 (6.5) 450 (5.7)a  10 (2.8) 167 (2.5)b 

    Bakery 192 (27.3) 3490 (24.2)  71 (21) 1499 (19.2)  121 (34.1) 1991 (30.9) 

    Fruits/Vegetables 233 (33.1) 3617 (25.1)  148 (43.9) 2378 (30.4)  85 (24) 1239 (19.2) 

   Traditional 244 (34.7) 6646 (46.1)  102 (30.2) 3526 (45.2)  142 (40.1) 3120 (48.4) 

Age (years) 

(mean±SD) 

62.2 ± 8.3 51.5 ± 8.8a  61.8 ± 7.9 51.6 ± 8.6a  62.7 ± 8.6 51.5 ± 9.0a 
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Table S2. Characteristics according to microalbuminuria levels in ELSA-Brasil participants. 

 

 General sample  Women  Men 

Microalbuminuria 

≥30 mg/g Cr 

(n=734) 

Microalbuminuria 

<30 mg/g Cr 

(n=13906) 

 Microalbuminuria 

≥30 mg/g Cr 

(n=328) 

Microalbuminuria 

<30mg/g Cr 

(n=7592) 

 Microalbuminuria 

≥30 mg/g Cr 

(n=406) 

Microalbuminuria 

<30 mg/g Cr 

(n=6314) 

Age group (years) n % n %  n % n %  n % n % 

   35–44 96 (13) 3110 (22.3)a  51 (15.5) 1634 (21.5)a  45 (11) 1476 (23.3)a 

   45–54 249 (33.9) 5488 (39.4)  119 (36.2) 3010 (39.6)  130 (32) 2478 (39.2) 

   55–64 241 (32.8) 3899 (28.0)  116 (35.3) 2204 (29)  125 (30.7) 1695 (26.8) 

   65–74 148 (20.1) 1409 (10.1)  42 (12.8) 744 (9.7)  106 (26.1) 665 (10.5) 

Race         

   Black 155 (21.1) 2165 (15.5)a  77 (23.4) 1330 (17.5)a  78 (19.2) 835 (13.2)a 

   "Pardo" 236 (32.1) 3823 (27.4)  103 (31.4) 1994 (26.2)  133 (32.7) 1829 (28.9) 

   White 297 (40.4) 7279 (52.3)  122 (37.1) 3922 (51.6)  175 (43.1) 3357 (53.1) 

   Asian 18 (2.4) 342 (2.4)  11 (3.3) 224 (2.9)  7 (1.7) 118 (1.8) 

   Indigenous 15 (2.0) 138 (1.2)  9 (2.7) 54 (0.7)  6 (1.4) 84 (1.3) 

Education level         

   University 274 (37.3) 7428 (53.4)a  120 (36.5) 4190 (55.1)a  154 (37.9) 3238 (51.2)a 

   High school 290 (39.5) 4774 (34.3)  145 (44.2) 2705 (35.6)  145 (35.7) 2069 (32.7) 

   Elementary 170 (23.1) 1704 (12.2)  63 (19.2) 697 (9.1)  107 (26.3) 1007 (15.9) 

Hypertension 480 (65.3) 4774 (34.3)a  199 (60.6) 2370 (31.2)a  281 (69.2) 2404 (38.0)a 

Diabetes 350 (47.6) 2539 (18.2)a  120 (36.5) 1200 (15.8)a  230 (56.6) 1339 (21.2)a 

GFR<60 mL·min–

1·(1.73 m2)–1 

124 (16.8) 561 (2.3) a  35 (10.6) 300 (3.9) a  89 (21.9) 261 (4.1)a 

Low HDL levels 170 (23.1) 2459 (17.6)a  90 (27.4) 1549 (20.4)b  80 (19.7) 910 (14.4)b 

Hypertriglyceridemia 342 (46.5) 4234 (31.1)a  120 (36.5) 1715 (22.5)a  222 (54.6) 2519 (39.8)a 

Smoking 247 (33.6) 4162 (29.9)a  82 (25) 1938 (25.5)b  165 (40.6) 2224 (35.2)a 

Excessive Alcohol 

use 

72 (9.8) 1015 (7.2)a  13 (3.9) 261 (3.4)ns  59 (14.5) 754 (11.9)b 
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a: p<0.001; b: p<0.005 (Chi-squared test, Fisher’s exact test and Student’s t test). BMI: body mass index; HDL: high-

density lipoprotein. 

 

 

 

 

Anthropometric         

   Status (BMI) 9 (1.2) 126 (0.9)a  6 (1.8) 67 (0.8)a  3 (0.7) 59 (0.9)a 

   Underweight 177 (2.4) 5077 (36.5)  84 (25.6) 2942 (38.7)  93 (22.9) 2135 (33.8) 

   Normal weight 293 (39.9) 5606 (40.3)  113 (34.4) 2746 (36.1)  180 (44.3) 2860 (45.2) 

   Overweight 255 (34.7) 3092 (22.2)  125 (38.1) 1835 (24.1)  130 (32) 1257 (19.9) 

   Obesity         

Waist circumference 

(cm) (mean±SD) 

97.0 ± 13.3 90.9 ± 12.6a  93 ± 14 87 ± 12.4a  100 ± 11.8 95  ±11.5a 

Elevated waist 

circumference  

609 (82.9) 9545 (68.6)a  276 (84.1) 5386 (70.9)a  333 (82) 4159 (65.8)a 

Dietary patterns         

    Low sugar/low fat 17 (2.3) 618 (4.4)a  9 (2.7) 453 (5.9)b  8 (1.9) 165 (2.6)b 

    Bakery 240 (32.6) 3326 (23.9)  105 (32) 1430 (18.8)  158 (38.9) 1896 (30) 

    Fruits/Vegetables 181 (24.6) 3560 (25.6)  82 (25) 2346 (30.9)  76 (18.7) 1214 (19.2) 

   Traditional 296 (40.3) 6376 (45.8)  132 (40.2) 3347 (44)  164 (40.3) 3029 (47.9) 

Age (years) 

(mean±SD) 

55.6 ± 9.3 51.9 ± 9.0a  54 ± 8.7 52 ± 8.8a  56.8 ± 9.5 51.8 ± 9.2a 
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Table S3. Association between dietary patterns and renal function (mediation analysis by metabolic syndrome 

components). 

 

Association with GFR <60 mL/min 

  
Total Association Indirect Association Direct Association 

OR (95%CI) OR (95%CI) adj OR (95%CI) OR (95%CI) adj OR (95%CI) OR (95%CI) adj 

Men       

Traditional/Low sugar/low fat       

   Bakery 1.31 (1.06–1.62)a 1.17 (0.90–1.54)ns 1.14 (1.09–1.19)a 1.08 (1.05–1.12)a 1.15 (0.92–1.43)ns 1.08 (0.83–1.42)ns 

   Fruits and Vegetables 1.46 (1.00–1.95)ns 0.91 (0.70–1.21)ns 1.20 (1.12–1.28)a 1.10 (1.05–1.16)a 1.22 (0.92–1.61)ns 0.83 (0.63–1.10)ns 

Women       

Traditional/Low sugar/low fat       

   Bakery 1.48 (1.11–1.98)a 1.29 (0.97–1.72)ns 1.20 (1.14–1.27)a 1.11 (1.06–1.16)a 1.23 (0.92–1.65)ns 1.16 (0.86–1.56)ns 

   Fruits and Vegetables 2.00 (1.55–2.56)a 1.26 (0.97–1.65)ns 1.21 (1.14–1.28)a 1.11 (1.06–1.16)a 1.65 (1.28–2.12)a 1.14 (0.87–1.48)ns 

Association with microalbuminuria ≥30 mg/g cr 

  
Total Association Indirect Association Direct Association 

OR (95%CI) OR (95%CI) adj OR (95%CI) OR (95%CI) adj OR (95% CI) OR (95%CI) adj 

Men       

   Traditional/Low sugar/low fat       

   Bakery 1.55 (1.21–2.00)a 1.36 (1.07–1.75)a 1.19 (1.11–1.28)a 1.17 (1.11–2.23)a 1.30 (1.03–1.63)a 1.17 (1.92–1.48)a 

   Fruits and Vegetables 1.15 (0.89–1.49)ns 1.01 (0.76–1.34)ns 1.27 (1.18–1.38)a 1.23 (1.15–1.32)a 0.90 (0.72–1.14)ns 0.81 (0.62–1.07)ns 

Women       

   Traditional/Low sugar/low fat       

   Bakery 1.55 (1.16–2.06)a 1.35 (1.00–1.81)ns 1.20 (1.14–1.27)a 1.19 (1.12–1.26)a 1.28 (0.98–1.69)ns 1.13 (0.85–1.51)ns 

   Fruits and Vegetables 1.20 (0.94–1.54)ns 1.18 (0.95–1.47)ns 1.20 (1.15–1.26)a 1.19 (1.13–1.26)a 1.00 (0.78–1.28)ns 0.99 (0.80–1.24)ns 

 

aP<0.06; ns: non-significant; adj: adjusted. 
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