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Abstract

Purpose To assess the association between three different a priori dietary patterns adherence (17-item energy reduced-
Mediterranean Diet (MedDiet), Trichopoulou-MedDiet and Dietary Approach to Stop Hypertension (DASH)), as well as
the Protein Diet Score and kidney function decline after one year of follow-up in elderly individuals with overweight/obesity
and metabolic syndrome (MetS).

Methods We prospectively analyzed 5675 participants (55-75 years) from the PREDIMED-Plus study. At baseline and at
one year, we evaluated the creatinine-based estimated glomerular filtration rate (¢GFR) and food-frequency questionnaires-
derived dietary scores. Associations between four categories (decrease/maintenance and tertiles of increase) of each dietary
pattern and changes in eGFR (ml/min/1.73m?) or > 10% eGFR decline were assessed by fitting multivariable linear or logistic
regression models, as appropriate.

Results Participants in the highest tertile of increase in 17-item erMedDiet Score showed higher upward changes in eGFR
(f: 1.87 ml/min/1.73m?; 95% CI: 1.00-2.73) and had lower odds of > 10% eGFR decline (OR: 0.62; 95% CI: 0.47-0.82)
compared to individuals in the decrease/maintenance category, while Trichopoulou-MedDiet and DASH Scores were not
associated with any renal outcomes. Those in the highest tertile of increase in Protein Diet Score had greater downward
changes in eGFR (#: — 0.87 ml/min/1.73m?; 95% CI: — 1.73 to — 0.01) and 32% higher odds of eGFR decline (OR: 1.32;
95% CI: 1.00-1.75).

Conclusions Among elderly individuals with overweight/obesity and MetS, only higher upward change in the 17-item
erMedDiet score adherence was associated with better kidney function after one year. However, increasing Protein Diet Score
appeared to have an adverse impact on kidney health. Trial Registration Number: ISRCTN89898870 (Data of registration:
2014).

Keywords Dietary patterns - Mediterranean diet - DASH diet - Protein diet score - Kidney function - Glomerular filtration
rate
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DASH Dietary approach to stop hypertension
E Energy

FFQ Food frequency questionnaire
GFR Glomerular filtration rate

MedDiet Mediterranean diet

MetS Metabolic syndrome

METS Metabolic equivalent task
PREDIMED Prevencion con dieta Mediterranea

SCr Serum creatinine

CKD-EPI Chronic kidney disease epidemiology
collaboration equation for caucasian
individuals

OR Odds ratios

Introduction

Chronic Kidney Disease (CKD) is an increasing global pub-
lic health problem, which affects about 9.1% of the world-
wide population and 35% of those over 70 years [1]. CKD
is characterized by abnormalities in kidney structure and
a decline in its function [2], often accompanied by several
comorbidities, decreased quality of life and premature mor-
tality [1-3]. In fact, this heterogeneous condition is acceler-
ated at older ages when comorbidities such as obesity, dia-
betes, hypertension and/or cardiovascular disease are present
[1, 4]. As this disease involves a huge health and economic
burden, preserving renal function, especially in old people,
it is essential to ensure the well-being and reduce adverse
health outcomes [1]. Accordingly, effective strategies to deal
with the spread of CKD and its harmful consequences are
urgently needed.

Among the lifestyle risk factors of CKD, diet may play
an important role as potential modulator of kidney func-
tion decline and CKD progression [5]. However, most of
the investigations have been predominantly focused on sin-
gle nutrients [6, 7] or food groups [5, 8] instead of dietary
patterns, hence it is likely to not exhibit the synergistic
effect between its dietary components. Thus, considering
that meals are composed by a combination of foods and
nutrients, analysis of diet as a whole could be a more all-
inclusive approach not only to assess dietary exposure but
also to examine its relationship with kidney health [3, 9, 10].

In this regard, results of a recent meta-analysis of pro-
spective studies reported that a healthy dietary pattern char-
acterized by a high consumption of plant-based food was
associated with reduced incidence of CKD or albuminuria,
but not with glomerular filtration rate (GFR) decline [11].
When studies are focused on particular dietary patterns
such as the Mediterranean diet (MedDiet) or the Dietary
Approach to Stop Hypertension (DASH), which are the most
commonly investigated a priori dietary scores in the context
of CKD [3, 12], there are inconsistent results. Whereas some
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studies reported a decrease in GFR decline [13], microal-
buminuria or lower CKD risk [14], others failed to demon-
strate any relationship between these dietary patterns and
kidney outcomes [15, 16]. It is noteworthy that most of these
epidemiologic studies were conducted in healthy young or
middle-aged individuals, instead of high-risk participants
such as elders or people with cardiometabolic comorbidities.

Furthermore, MedDiet and DASH diet are characterized
by a high plant protein content and, even though protein
intake has been previously associated with kidney function
deterioration [17], this potential harmful effect could depend
on the protein source. Accordingly, it may be of interest to
investigate the association between not only the quantity but
also the quality of dietary protein and renal function using
specific tools as the recently developed Protein Diet Score
[18].

Consequently, in view of the above, further research is
required to clarify whether specific healthy dietary patterns
could preserve kidney function and even prevent its decline
in elderly population with underlying comorbid conditions.
Therefore, the main aim of the present study was to prospec-
tively evaluate the association between changes towards an
increase in the adherence to three a priori dietary patterns
(17-item erMedDiet Score, Trichopoulou-MedDiet and
DASH) and kidney function decline after 1 year of follow-
up in a large Spanish cohort of middle-aged individuals with
overweight/obesity and metabolic syndrome (MetS). Sec-
ondarily, we evaluated the association between changes in
the Protein Diet Score and kidney function.

Material and methods
Study design and participants

In the present study, data was analyzed using an observa-
tional prospective design conducted within the framework of
the Prevencion con Dieta Mediterranea (PREDIMED)-Plus
trial, which included 6874 older adults enrolled between
2013 and 2016 by 23 Spanish centers working in collabora-
tion with primary care clinics. The study design and protocol
have been described in detail elsewhere [19], and are avail-
able at http://www.predimedplus.com. In brief, the PRED-
IMED-Plus study is an ongoing, 8-year, parallel-group,
randomized and controlled clinical trial which combines
dietary and physical activity intervention with behavioral
support for primary cardiovascular prevention. Eligible par-
ticipants were men (55-75 years) and women (60-75 years)
with overweight or obesity (BMI >27 kg/m? and <40 kg/m?)
and free from cardiovascular disease who satisfied at least
3 criteria for the MetS definition [20]. More specific details
of inclusion/exclusion criteria have been previously reported
[19]. All participants provided written informed consent and
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the Institutional Review Boards of each participating center
approved the final study protocol and procedures, which fol-
lowed the standards of the Declaration of Helsinki. The trial
was registered in 2014 at the International Standard Rand-
omized Controlled Trial registry (https://www.isrctn.com/
ISRCTN89898870).

For the current analysis, we excluded 777 participants
who did not complete food frequency questionnaires
(FFQ) at baseline and after a 1 year of follow-up; 160 par-
ticipants with extreme total energy intake (women < 500
and > 3500 kcal/day, and men < 800 and > 4000 kcal/day)
[21]; and 262 participants with missing creatinine data at
baseline and after 1 year of follow-up. Consequently, the
final sample for the present study was 5675 participants.
Supplementary table S3 depicts the baseline characteristics
by included and excluded participants.

Dietary assessment

Dietary intake was evaluated at baseline and yearly dur-
ing the follow-up using a 143-item semi-quantitative FFQ
[22]. Trained dieticians asked the participants about their
frequency consumption of each specific item during the
preceding year in a face-to-face interview. There were nine
possible answers ranging from never or almost never to more
than six times per day. Each item answer was collected in
standard portion sizes and then transformed to g/day. Total
daily intake of energy, nutrients and food groups were esti-
mated using Spanish food composition tables [23, 24].
Moreover, in order to assess the degree of adherence to
an energy reduced-MedDiet of each participant, a recently
validated 17-item test (17-items erMedDiet Score) [25] was
filled in every visit. This questionnaire specifically asked
about the frequency consumption of extra virgin olive oil,
other fats (butter, margarine, or cream), fruits and fruit
juices, vegetables, meat, legumes, fish, nuts, pastries, “sof-
rito”, non-caloric artificial sweeteners, refined grains, who-
legrains, and wine. Each item of the questionnaire is scored
with 1 or 0 points, when the criterion is met or not met
respectively, ranging the overall score from 0 to 17 points,
with 0 meaning no adherence and 17 meaning maximum
adherence. Hence, this pre-defined questionnaire has the
remarkable characteristic of being based on the scientific
knowledge on what is a health level of intake and not on the
study population distribution, unlike other indices that are
calculated based on specific cut-off points (mean or quin-
tiles) of the population included for each item of the score.
We also constructed the Trichopoulou-MedDiet Score
and the DASH Score following previous detailed descrip-
tion in the scientific literature [26, 27]. Briefly, Trichopou-
lou-MedDiet Score, one of the most used MedDiet scores
in nutritional epidemiological studies, is comprised of nine
components and a sex-specific cutoff point, based on the

median of each item consumption (g/day), is established.
Components which consumption is highly recommended
were 1 point scored when their consumption was equal
to or greater than the median (vegetables, fruits and nuts,
legumes, cereals and potatoes, fish and others, monoun-
saturated: saturated ratio) and zero otherwise. Non favour-
able components were scored with 0 when their intake
was equal to or greater than the median (meat and meat
products, dairy) and one otherwise. With regard to alco-
hol, it has been recommended a moderate consumption;
therefore, the consumption of 10-50 g/day in men and
5-25 g/day in women was scored with 1 point. Alcohol
consumption above or below these limits was assigned a
score of 0. The total final score ranged from 0 to 9 points.
For DASH Score, study population was classified into
quintiles according to each score item (g/day). A progres-
sive score from 1 to 5 was given to each quintile in case
of highly recommended foods (fruits, vegetables, legumes
and nuts, low-fat dairy, and whole grains). Nevertheless,
an inverse score was assigned to components quintiles
whose consumption is not recommended (sodium, red and
processed meats, and sweetened-sugar beverages). Thus,
the total score after summing up every single component
ranged from 8 to 40 for DASH score.

We also included the pre-defined Protein Diet Score
in our analyses [18]. The study population was divided
in 11 strata according to total protein intake (E%) and
in another 11 strata according to plant to animal protein
ratio. Subjects in the highest stratum received 10 points
and those in the lowest stratum received 0 points. There-
fore, the overall score could range from O to 20 points,
with 0 meaning the lowest total protein intake (E%) and
lowest plant to animal protein ratio, and 20 meaning the
highest total protein intake (E%) and the highest plant to
animal protein ratio. Each component of the score was also
considered separately.

Ascertainment of renal function

For the present study, we considered as main outcomes of
interest, absolute changes in eGFR and > 10% eGFR decline
after 1 year of follow-up. For this purpose, eGFR was esti-
mated indirectly from serum creatinine (SCr) at baseline and
after a 1 year of follow-up using the Chronic Kidney Disease
Epidemiology Collaboration equation for Caucasian individ-
uals (CKD-EPI) [28]. Fasting blood samples were collected
and SCr levels were determined by the enzymatic creati-
nine assay method (coefficient of variation <4%). Decline in
eGFR (>10%) was estimated using the following formula:
(one-year eGFR— baseline eGFR)/(baseline eGFR)*100.
Participants were categorized in those with a > 10% eGFR
decline and those with < 10% eGFR decline [29].
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Assessment of other covariates

At baseline and after 1 year of follow-up, socio-demographic
(age, sex, educational level) and lifestyle (physical activ-
ity, smoking habits) information, medication use and his-
tory of disease were collected by PREDIMED-Plus-trained
staff through several questionnaires or reviewing medical
records. Anthropometric measurements as weight, height
or waist circumference were assessed following the study
protocol. Body Mass Index (BMI) was calculated by divid-
ing the weight (in kg) by the square of the height (in meters).
For weight change after 1 year of follow-up, we constructed
anew covariate by subtracting weight at 1 year minus weight
at baseline. Resting blood pressure was measured in tripli-
cate by an automated digital device (Omron-HEM297705C).

Statistical analyses

Data were analyzed using the available PREDIMED-Plus
database updated to December 2020. Participants were
categorized in four categories according to changes in die-
tary pattern scores after 1 year of follow-up: decrease or
maintenance of changes and tertiles of increasing changes.
Baseline characteristics of the study population were com-
pared among categories of dietary patterns changes by using
one-way ANOVA and Chi-square, as appropriate. Values
were presented as percentages and numbers for categorical
variables and means + standard deviations for continuous
variables.

Multivariable linear regression models were fitted to eval-
uate associations between categories of changes in dietary
patterns and changes in eGFR (ml/min/1.73m?); results were
expressed as B-coefficients and their 95% confidence interval
(CI). Besides, logistic regression models were used to assess
the association between categories of changes in dietary pat-
terns and eGFR decline (> 10%); results were expressed as
odds ratios (OR) and their 95% CI. In both regression mod-
els, the first category (decrease or maintenance of changes)
was used as reference. Changes in dietary pattern exposures
were also modeled as continuous per 1-point increase. All
regression models were adjusted for several potential con-
founders: Model 1 was adjusted for sex and age; model 2
was additionally adjusted for BMI (kg/m?), smoking habits
(never, current or former smoker), educational level (pri-
mary, secondary education or graduate), leisure time physi-
cal activity (METS/min/week), diabetes prevalence (yes/
no), hypertension prevalence (yes/no), hypercholesterolemia
prevalence (yes/no), center (categorized into quartiles by
number of participants), intervention group and energy
intake (kcal/day); and model 3, additionally adjusted for
each baseline dietary pattern score and 1-year changes in
body weight. All linear regression models were further
adjusted for baseline eGFR (ml/min/1 73m?).
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We used the robust variance estimators to account for
intra-cluster correlations in all regression models. The p for
linear trend was calculated assigning the median value of
each category and modelling it as a continuous variable.

We also evaluated whether the associations observed
between categories of changes in dietary pattern scores and
changes in eGFR could be modified by sex, age, diabetes,
and intervention group. Interaction was tested with the like-
lihood ratio tests, which involved comparing models with
and without cross-product terms.

An additional analysis was included to assess the impor-
tance of each individual item of the 17-item erMedDiet
Score on changes in eGFR and > 10% decline in eGFR. Fol-
lowing a previous described method [30], each item was
consecutively removed one at a time from the total score.
The exclusion of each item reduced the total score to 16
items. Therefore, to assure comparability with the original
score, which could have a maximum punctuation of 17, we
multiplied the estimated p-coefficients and the logarithm
of the estimated odds ratios by 16/17. The latest was back-
transformed to the original scale through exponentiation.

Statistical analyses were performed with Stata/SE soft-
ware, version 14.0 (StataCorp, College Station, TX). All
tests were considered significant at a 2-tailed p value <0.05.

Results

Baseline characteristics of the study population according to
1-year changes categories (decrease/maintenance vs. tertile
3) of 17-item erMedDiet, Trichopoulou-MedDiet and DASH
dietary pattern scores are presented in Table 1. Participants
located in the highest tertile of increase in the 17-item
erMedDiet score were less likely to be older, women and
physically active, had less prevalence of diabetes, had more
energy intake and consumed less proteins. Participants with
higher increase in the Trichopoulou-MedDiet score adher-
ence were more likely to exercise, had higher hypertension
prevalence, less energy intake and consumed more proteins.
Those individuals with higher increase in the DASH score
were younger and mainly men. They had a higher energy
intake and consumed less protein. Furthermore, differences
in smoking status and education level were also observed.
Regarding baseline scores of each dietary pattern, partici-
pants who most changed their adherence to the correspond-
ing dietary pattern after one year of follow-up showed lower
points at the beginning of the study. Baseline characteristics
of the population under study according to the four cate-
gories of changes of each dietary pattern and Protein Diet
Score are displayed in Supplementary Tables 1 and 2.

The mean eGFR of the study population at baseline
was 84.2 mL/min/1.73 m2. Over the first year of follow-
up, the mean eGFR change was -0.94 mL/min/1.73 m?.
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Table 1 Baseline characteristics according to categories of changes in the Mediterranean diet (17-item erMedDiet score and Trichopoulou) and
the Dietary Approaches to Stop Hypertension (DASH) scores after 1 year of follow-up in the PREDIMED-PLUS cohort

A Mediterranean diet (17-item erMed- p value A Mediterranean diet (Trichopoulou) pvalue A Dietary approaches to stop hyperten-  p value
Diet score) sion (DASH)
Decr/maint T3 Decr/maint T3 Decr/maint T3
n=1124 n=1423 n=3408 n=534 n=2793 n=852
Baseline 17-item  10.5+2.5 6.5+19 <0.01 87x27 7.7+2.6 <0.01 9+2.7 74+24 <0.01
erMedDiet
score, points
Baseline Tricho- 4.6+1.6 42+1.6 <0.01 5%15 27+13 <0.01 47+16 3.8+1.6 <0.01
poulou Med-
Diet, points
Baseline DASH, 25.3+5.2 22.6+4.9 <0.01 247x5.1 21.9+5 <0.01 262+438 19.3+3.8 <0.01
points
Age, years 65.3+5 64.6+4.8 <0.01 652+49 64.8+4.9 0.09 653+4.9 64.7+4.8 <0.01
Women, % (n) 51.4 (578) 43.6 (621) <0.01  48.2(1643) 47.6 (254) 091  51.2(1431) 37.8 (322) <0.01
BMI, kg/m? 32.5+3.5 32.6+3.5 0.19 325+34 32.6+3.5 045 325+3.5 32.7+3.5 0.35
PA, METS/min/  2622.5+2468.1 2375.8+£2321.4 0.01  2534.7+2296.4 2745+2615.5 0.04  2597.5+2322.2 2413.6+2202.9 0.16
week
Energy intake, 2347.9+549.5 2423 +544 <0.01  2409.6+542.8 2311.4+551.8 <0.01  2355.9+533.7 2476.8+559.8 <0.01
kcal/d
Protein intake, % 17+2.8 16.3+£2.7 <0.01 16.6+2.7 17.1+£29 <0.01 16.9+2.8 16.4+2.8 <0.01
energy
Smoking status, 0.39 0.89 0.02
% (n)
Never smoked ~ 45.3 (509) 43 (612) 44.9 (1530) 42.7 (228) 45.9 (1283) 40.6 (346)
Former smoker 40.9 (459) 44.6 (634) 42.9 (1463) 43.6 (233) 41.2 (1150) 47.3 (403)
Current smoker 13.9 (156) 12.4 (177) 12.2 (415) 13.7 (73) 12.9 (360) 12.1 (103)
Education level, 0.20 0.27 0.02
% (n)
Primary educa- ~ 51.4 (578) 48.6 (692) 49.4 (1684) 50.4 (269) 51.1(1427) 49.4 (421)
tion
Secondary 26 (292) 30.9 (439) 28.3 (965) 31.7 (169) 27 (754) 30.6 (261)
education
Academic or 22.6 (254) 20.5 (292) 22.3 (759) 18 (96) 21.9 (612) 20 (170)
graduate
eGFR, mL/ 83.4+144 84.7+13.5 0.12 84.1+13.9 83.6+14.3 0.72 84.4+138 84.1+14.2 0.46
min/1.73m?
CKD, % (n) 7.4 (83) 6.1 (87) 042 6.6(224) 7.5 (40) 076 6.3 (176) 7 (60) 0.43
Type 2 diabetes, 31.2 (351) 27.1 (385) 0.01  30.7 (1047) 27.5 (147) 0.38  30.8 (859) 28.8 (245) 0.21
% (n)
Hypertension, 83.9 (943) 85.2 (1212) 0.58  83.8(2856) 86 (459) 0.02  83.2(2324) 86 (733) 0.17
% (n)
Hypercholester-  68.8 (773) 70.6 (1004) 0.50  69.6 (2372) 70.6 (377) 0.83  70.1(1959) 69.1 (589) 0.55

olemia, % (n)

Values are presented as percentages (n) for categorical variables and means + standard deviations for continuous variables. p value for the com-
parison among all categories was calculated by chi-square or one-way analysis of variance test for categorical and continuous variables, respec-

tively

Decr/Maint, Decrease/Maintenance; 7, tertile; MedDiet, Mediterranean Diet; BMI, Body mass index; PA, Physical activity; eGFR, estimated
Glomerular filtration rate; CKD, Cronic kidney disease (eGFR <60 mL/min/1 73m%)

Multivariable linear regression analyses for the associa-
tions between categories of changes in the adherence to the
different dietary patterns and changes in eGFR at one year
are depicted in Table 2. In the fully adjusted model, one
year 17-item erMedDiet score changes were directly asso-
ciated with eGFR changes (f: 0.78; 95% CI: 0.12—-1.44 for
T1 vs. decrease/maintenance; f#: 1.06; 95% CI: 0.31-1.82
for T2 vs. decrease/maintenance; and g: 1.87; 95% CI:

1.00-2.73 for T3 vs. decrease/maintenance). Similar
results were observed when we modeled this dietary pat-
tern as continuous variable (#: 0.23; 95% CI: 0.13-0.32
for each 1-point increment). Changes in the Trichopoulou-
MedDiet and DASH scores were not associated with eGFR
changes neither when analyzed as categories nor in con-
tinuous manner, in any of the adjusted models.
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Table 2 Multivariable adjusted p-coefficients and 95% CI for changes in eGFR (ml/min/1.73m?) across categories of changes to the Mediter-
ranean Diet (17-item erMedDiet score and Trichopoulou) and DASH Diet adherence after 1 year of follow-up in the PREDIMED-PLUS cohort

A Mediterranean diet (17-item erMedDiet score)

Decr/Maint Tl T2 T3 p for trend
(n=1124) (n=1917) (n=1211) (n=1423)
A 17-item erMedDiet score —1.2+1.4 2.1+0.8 4.5+0.5 75+1.6
A eGFR, ml/min/1.73m% -1.92 (- - 1.10(-1.5t0 — 0.71) —0.83(-129t0-0.37) —0.03 (- 0.55-0.48)
249 to —
1.34)
B (95% CI)
Model 1 0 (Ref.) 0.41 (- 0.23-1.05) 0.54 (— 0.14-1.22) 1.02 (0.35-1.69)" 0.003
Model 2 0 (Ref.) 0.45 (— 0.19-1.08) 0.5 (- 0.20-1.19) 0.96 (0.25-1.68)" 0.010
Model 3 0 (Ref.) 0.78 (0.12-1.44)" 1.06 (0.31 to 1.82)" 1.87 (1.00-2.73)" <0.001
A Mediterranean diet (Trichopoulou)
(n=3408) (n=1055) (n=678) (n=534)
A Trichopoulou-MedDiet -12+12 1+0 2+0 3.5+07
A eGFR, ml/min/1.73m% - 1.11 (- -056(-1.07t0—0.05) —-0.75(-142t0—-0.08) —0.81(—1.57to—0.05)
1.41to —
0.81)
B (95% CI)
Model 1 0 (Ref.) 0.41 (- 0.17-1.00) 0.23 (— 0.49-0.95) 0.23 (- 0.52-0.98) 0.258
Model 2 0 (Ref.) 0.48 (- 0.1-1.07) 0.25 (- 0.47-0.97) 0.19 (- 0.57-0.95) 0.253
Model 3 0 (Ref.) 0.56 (- 0.05-1.16) 0.35 (- 0.41-1.11) 0.33 (- 0.52-1.18) 0.169
A Dietary approaches to stop hypertension (DASH)
(n=2793) (n=1131) (n=899) (n=2852)
A DASH —-3.7+33 2.0+0.8 49+0.38 9.6+2.7
A eGFR, ml/min/1.73m% - 098 (— —0.74 (- 1.2to — 0.28) —1.03(-1.62t0o —0.45) —0.98 (- 1.63to—0.33)
1.33to —
0.62)
B (95% CI)
Model 1 0 (Ref.) 0.24 (- 0.32-0.80) 0.07 (— 0.58-0.73) 0.19 (— 0.47-0.86) 0.536
Model 2 0 (Ref.) 0.25 (- 0.31-0.81) —0.00 (- 0.67-0.66) 0.06 (— 0.62-0.75) 0.819
Model 3 0 (Ref.) 0.22 (- 0.37—-0.81) —0.06 (— 0.78-0.66) —0.04 (- 0.84-0.77) 0.957

Decr/Maint, Decrease/Maintenance; 7T, tertile; eGFR, Estimated glomerular filtration rate; MedDiet, Mediterranean Diet; DASH, Dietary
approaches to stop hypertension

Linear regression models were used to assess changes in eGFR by categories of changes in dietary patterns score. Model 1 was adjusted for
baseline eGFR, sex and age. Model 2 was additionally adjusted for BMI, smoking habits (never, current or former smoker), educational level
(primary, secondary education, graduate), leisure time physical activity (METS/min/week), diabetes prevalence (yes/no), hypertension preva-
lence (yes/no), hypercholesterolemia prevalence (yes/no), center (categorized into quartiles by number of participants), intervention group and

energy intake (kcal/day). Model 3 was additionally adjusted for each baseline dietary pattern score and 1-year changes in body weight

aMultivariable adjusted mean changes in eGFR (ml/min/1.73m?) after 1 year of follow-up

*p value <0.05

No statistically significant interactions were observed
between sex, age, diabetes status or intervention group and
the changes in the dietary patterns scores mentioned above
in relation to changes in eGFR (data not shown).

Table 3 shows the association between changes in dietary
patterns and ORs of > 10% eGFR decline after 1 year of
follow-up. Changes in the 17-item erMedDiet score showed
a significant graded association with eGFR decline in the
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fully adjusted model (OR: 0.75; 95% CI: 0.61-0.92 for T1
of increase vs. decrease/maintenance; OR: 0.68; 95% CI:
0.53-0.87 for T2 of increase vs. decrease/maintenance; OR:
0.62; 95% CI: 0.47-0.82, for T3 of increase vs. decrease/
maintenance). No significantly associations were observed
between changes in the Trichopoulou-MedDiet neither in
the DASH score and > 10% eGFR decline after 1 year. When
these dietary patterns were modeled as continuous variables,
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Table 3 Multivariable adjusted odd ratios and 95% CI for eGFR decline (> 10%) across categories of changes to the Mediterranean Diet (17-
item erMedDiet score and Trichopoulou) and DASH Diet after 1 year of follow-up

A Mediterranean diet (17-item erMedDiet score)

Decr/Maint Tl T2 T3 p for trend
(n=1124) (n=1917) (n=1211) (n=1423)
A 17-item erMedDiet score —-12+14 2.1+0.8 4.5+0.5 7.5+1.6
eGFR decline, % (n) 18.33 (206) 15.86 (304) 15.03 (182) 15.11 (215)
Model 1 1 (Ref.) 0.84 (0.69-1.02) 0.80 (0.64-0.99)" 0.80 (0.65 to 0.99)" 0.052
Model 2 1 (Ref.) 0.81 (0.66-0.99)" 0.77 (0.61-0.97)" 0.76 (0.60 to 0.96)" 0.029
Model 3 1 (Ref.) 0.75 (0.61-0.92)" 0.68 (0.53-0.87)" 0.62 (0.47 to 0.82)" 0.001
A Mediterranean diet (Trichopoulou)
(n=3408) (n=1055) (n=678) (n=534)
A Trichopoulou-MedDiet —-12+12 1+0 2+0 3.5+0.7
eGFR decline, % (n) 16.08 (548) 16.30 (172) 14.90 (101) 16.10 (86)
Model 1 1 (Ref.) 1.02 (0.85-1.24) 0.92 (0.73-1.16) 1.01 (0.79-1.29) 0.809
Model 2 1 (Ref.) 1.00 (0.83-1.21) 0.91 (0.72-1.15) 1.00 (0.77-1.29) 0.686
Model 3 1 (Ref.) 1.02 (0.84-1.25) 0.94 (0.73-1.20) 1.05 (0.79-1.39) 0.998
A Dietary approaches to stop hypertension (DASH)
(n=2793) (n=1131) (n=2899) (n=852)
A DASH -37+33 2.0+0.8 4.9+0.8 9.6+2.7
eGFR decline, % (n) 16.36 (457) 14.41 (163) 17.02 (153) 15.73 (134)
Model 1 1 (Ref.) 0.87 (0.72-1.05) 1.06 (0.87-1.30) 0.97 (0.78-1.20) 0.872
Model 2 1 (Ref.) 0.85 (0.70-1.04) 1.04 (0.84-1.28) 0.95 (0.76-1.18) 0.685
Model 3 1 (Ref.) 0.85 (0.70-1.05) 1.05 (0.83-1.32) 0.97 (0.74-1.26) 0.862

Logistic regression models were used to assess eéGFR decline (> 10%) by categories of dietary patterns score changes. Model 1 was adjusted
for sex and age. Model 2 was additionally adjusted for BMI, smoking habits (never, current or former smoker), educational level (primary, sec-
ondary education, graduate), leisure time physical activity (METS/min/week), diabetes prevalence (yes/no), hypertension prevalence (yes/no),
hypercholesterolemia prevalence (yes/no), center (categorized into quartiles by number of participants), intervention group and energy intake
(kcal/day). Model 3 was additionally adjusted for each baseline dietary pattern score and 1-year changes in body weight

Decr/Maint, Decrease/Maintenance; 7T, tertile; eGFR, Estimated glomerular filtration rate; MedDiet, Mediterranean Diet; DASH, Dietary

approaches to stop hypertension
*p value <0.05

similar associations were obtained, being only the 17-item
erMedDiet score associated with lower odds of > 10% eGFR
decline (OR: 0.95; 95%: CI 0.92-0.98 for 1-point incre-
ment). Similar results were observed after excluding 378
participants with CKD at baseline from the main analysis,
which are depicted in Supplementary Table 4.

Figure 1 displays the association between changes in
Protein Diet score and eGFR changes and > 10% eGFR
decline after one year of follow-up. We observed a sig-
nificant association between this score and both renal out-
comes. Compared to participants without changes or with
a decrease in the Protein Diet score, those in the highest
tertile of increase had greater downward changes in eGFR
(f: — 0.87;95% CI: — 1.73 to — 0.01) and a 32% higher
odds of eGFR decline (OR: 1.32; 95% CI: 1.00-1.75) in
the fully adjusted model. When each component of this
score was examined separately, only the change in total

protein intake (E%) score presented a significant inverse
association with eGFR changes (#: — 1.04; 95% CI: — 1.88
to — 0.21; for T3 vs. decrease/maintenance) in the multi-
variate adjusted model.

Table 4 shows the additional analysis after the alterna-
tively removal of each individual component of the 17-item
erMedDiet score modeled as continuous in the regression
models. The results remained consistent with those from
the main analyses for both eGFR changes and > 10% eGFR
decline. We observed that the greatest contributors to the
association between changes in 17-item erMedDiet score
and eGFR changes after 1 year of follow-up were the con-
sumption of > 2 units/day of vegetables, >3 servings/week
of legumes (13% reduction in the association after removing
these items from the total score); the use of sofrito >2 times/
week (17% reduction) and moderate consumption of wine
(22% reduction). Similar results were obtained when we
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AeGFR (ml/min/1.73m?)2

Decr/Maint -|
0.00 (Ref)|

Tertile 1
-0.32(-0.91t0 -0.26

Tertile 2 -0.61 (-135 to 0.13)

A Protein DietScore

-0.87 (-1.73t0 -0.01)

Tertile 3

T T
-1.00 -0.50
Beta-coefficients (95% Cl)

T T
-1.75 -1.50

P for trend = 0.026

Fig. 1 Associations between changes in Protein Diet score and kid-
ney function. A Multivariable adjusted fB-coefficients and 95%CI for
changes in eGFR (ml/min/1.73m?) across categories of changes to
the protein diet score adherence after 1 year of follow-up. B Multi-
variable adjusted odd ratios and 95%CI for eGFR decline (>10%)
across categories of changes to the protein diet score adherence after
1 year of follow-up. Decr/Maint, Decrease/Maintenance; eGFR, Esti-
mated glomerular filtration rate; Decr/Maint, Decrease/Maintenance.
“Mean changes in eGFR (ml/min/1.73m?): Decr/Maint (— 0.71;
— 1.02 to — 0.41), tertile 1 of changes (— 1.05; — 1.52 to — 0.57),
tertile 2 of changes (— 1.31; — 1.96 to — 0.65), tertile 3 of changes

performed the same removing items procedures for > 10%
eGFR decline as an outcome variable.

Discussion

To the best of our knowledge, this is the first prospective
study examining the association between different a priori
defined dietary patterns adherence and kidney function in
elderly individuals with overweight/obesity and MetS. We
found that a higher upward change in the adherence to a
17-item erMedDiet score was associated with improve-
ments in eGFR changes and with 38% lower odds of eGFR
decline after controlling for potential confounders. However,
changes in the adherence to the Trichopoulou-MedDiet and
DASH Score were not associated with changes in eGFR,
neither with a>10% eGFR decline. Regarding the Protein
Diet Score, higher changes toward a greater adherence were
associated with a worsening of eGFR.

Previous studies have reported that MedDiet adherence
is inversely associated with eGFR decline [31], incidence
of CKD [32, 33], and risk of end-stage of kidney disease
(ESKD) [34] in populations of youth to middle-age with
apparently preserved eGFR. Our results regarding the pre-
specified 17-item Med Diet score are in line with two prior
randomized clinical trials, the PREDIMED in Spain [35]
and the DIRECT [36] in Israel, in which MedDiet improved
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[
|
|
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1.00 (Ref)

Decr/Maint |

Tertile 1 1.07 (0.89t0 1.30)

Tertile 2 1.06 (0.83t0 1.35)

A Protein DietScore

Tertile 3 1.32(1.00t0 1.75)

|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.00 1.40 1.80

0dd Ratios (95% Cl)

0.80

P for trend = 0.095

(- 1.61; — 2.38 to — 0.84). Percentage of participants with eGFR
decline(> 10%): Decr/Maint (n=507; % =15.54), tertile 1 of changes
(n=196; %=16.27), tertile 2 of changes (n=106; %=15.57), tertile
3 of changes (n=98; %=18.60). All models were adjusted for base-
line eGFR (except for eGFR decline > 10%), sex, age, BMI, smoking
habits (never, current or former smoker), educational level (primary,
secondary education, graduate), leisure time physical activity (METS/
min/week), diabetes prevalence (yes/no), hypertension prevalence
(yes/no), hypercholesterolemia prevalence (yes/no), center (catego-
rized into quartiles by number of participants), intervention group
and energy intake (kcal/day) and 1-year changes in body weight

levels of eGFR in participants with overweight/obesity,
whereas the data-driven by the Trichopoulou score not. In
the Lifelines cohort study conducted on apparently healthy
middle-aged adults of Netherlands, an inverse association
between the MedDiet adherence according to Trichopoulou
and eGFR decline was reported in men, but not in women
[31]. Besides, in the Uppsala Longitudinal Study of Adult
Men cohort (ULSAM), conducted in middle-age men, it was
observed that a greater adherence to the MedDiet according
Trichopoulou was significantly associated with lower odds
of having CKD when it was estimated by cystatine C, but
not by creatinine estimation [33]. In our study, the analysis
was performed in the whole study population because we
did not observe any interaction with sex. However, consider-
ing that previous evidence has reported significant associa-
tions in men but not in women, future studies stratifying by
sex are needed to shed new light on whether the MedDiet
could have a different role in kidney function in men than
women. In the Northern Manhattan Study (NOMAS), a pro-
spective multiethnic cohort conducted in 3298 middle-age
participants with no previous history of stroke, no signifi-
cant association were observed across their four categories
of Trichopoulou-MedDiet adherence and eGFR decline,
neither change in eGFR [15]. The apparent disagreement
between 17-MedDiet and Trichopoulou-MedDiet Scores in
our study reveals the disparities between both tools concern-
ing the items included. The inclusion of more food groups
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Table 4 Association between
1-point increment in the 17-item
erMedDiet score and changes

in eGFR (ml/min/1.73m?) and
eGFR decline (> 10%) after
alternate subtraction of each of
its dietary components

B-coefficient (95%CI  Reduction/ OR (95%CI) eGFR Reduction/
A eGFR increase (%) decline (> 10%) increase
(%)
17-item erMedDiet 0.23 (0.13-0.32) - 0.95 (0.92-0.98) -
score overall

Minus item 1 0.21 (0.12-0.30) - 8.70 0.96 (0.93-0.98) -20
Minus item 2 0.20 (0.11-0.30) - 13.04 0.96 (0.93-0.99) -20
Minus item 3 0.22 (0.12-0.31) —4.35 0.96 (0.93-0.99) -20
Minus item 4 0.24 (0.14-0.33) 4.35 0.96 (0.92-0.99) -20
Minus item 5 0.22 (0.13-0.31) —4.35 0.95 (0.93-0.98) 0
Minus item 6 0.22 (0.12-0.31) —4.35 0.96 (0.93-0.98) -20
Minus item 7 0.20 (0.10-0.29) —13.04 0.96 (0.93-0.99) -20
Minus item 8 0.22 (0.13-0.31) —4.35 0.95 (0.92-0.98) 0
Minus item 9 0.24 (0.15-0.34) 4.35 0.95 (0.92-0.98) 0
Minus item 10 0.24 (0.15-0.34) 4.35 0.95 (0.92-0.98) 0
Minus item 11 0.21 (0.12-0.31) - 8.70 0.95 (0.92-0.98) 0
Minus item 12 0.18 (0.09-0.28) -17.39 0.96 (0.93-0.99) -20
Minus item 13 0.24 (0.15-0.34) 4.35 0.95 (0.92-0.98) 0
Minus item 14 0.23 (0.13-0.33) 0 0.95 (0.92-0.98) 0
Minus item 15 0.22 (0.12-0.32) —4.35 0.95 (0.92-0.98) 0
Minus item 16 0.28 (0.18-0.38) 13.04 0.93 (0.90-0.96) 40
Minus item 17 0.20 (0.11-0.29) -21.73 0.96 (0.93-0.99) -20

Models were adjusted for baseline eGFR (only for p-coefficient), sex, age, BMI, smoking habits (never,
current or former smoker), educational level (primary, secondary education, graduate), leisure time physi-
cal activity (METS/min/week), diabetes prevalence (yes/no), hypertension prevalence (yes/no), hypercho-
lesterolemia prevalence (yes/no), center (categorized into quartiles by number of participants), interven-
tion group and energy intake (kcal/day), 1-year changes in body weight, baseline dietary pattern score and
changes in corresponding subtracted components

eGFR, Estimated glomerular filtration rate; MedDiet, Mediterranean diet; Ifem I, use only extra virgin
olive oil for cooking; Item 2, consume >?2 of vegetables units/day; ltem 3, consume >3 fruits units/day;
Item 4, consume <1 serving/week of red meat and processed meats; Item 5, consume < 1 serving/week of
butter, margarine or cream; [tem 6, drink <1 sugar-sweetened beverage or fruit juice/week; Item 7, con-
sume >3 servings/week of legumes; /tem 8, consume >3 servings/week of fish or shellfish; Item 9, con-
sume < 3 times/week commercial sweets or pastries; Ifem 10, consume >3 servings/week of nuts; Item 11,
consume preferentially lean meats; Item 12, consume > 2 times/week dishes seasoned with sofrito (tomato,
onion, leek or garlic sauce simmered in olive oil); ltem 13, add preferentially noncaloric artificial sweet-
eners to beverages; Item 14, consume> 1 servings/day of white bread; Ifem 15, consume>5 times/week
whole grain cereals and pasta; ltem 16, consume < 3 times/week refined pasta or white rice; Item 17, mod-

erate consume of wine /day (2-3 glasses in men/1-2 in women)

into the 17-MedDiet Score screener tool maybe would imply
a more representative assessment of diet to observe changes
in eGFR. Additionally, scoring criteria are quite different;
while the 17-item erMedDiet uses absolute values derived
from a predefined questionnaire, the Trichopoulou-MedDiet
score is assigned according to gender-specific medians of
food group consumption of the study population [26]. The
later may hinder comparability with other publications
where particular cultural and dietary habits are present.
Likewise, these issues may explain the controversial results
observed between both MedDiet scoring methods in our
sample. Of note, this is the first study so far analyzing the
association between the adherence to the MedDiet, using the
17-MedDiet score screener tool, and renal function. Further
studies, considering both scores (Trichopoulou-MedDiet and

17-item erMedDiet) are needed to clarify and strengthen
our results.

Although the DASH diet has been formerly associated
with better kidney function outcomes such as rapid eGFR
decline [13] or CKD incidence [37], a recent meta-analy-
sis did not confirm such associations [11], which is partly
agreed with our findings. In fact, in the Healthy Aging in
Neighborhoods of Diversity across the Life Span (HAN-
DLS) study [16], the authors not only reported a lack of
association between this dietary pattern and eGFR decline
or incident CKD but also even greater risk of rapid kidney
function decline among the group of middle-age individu-
als with hypertension after 5 years of follow-up. Whether a
plant-based diet like the DASH, which is apparently simi-
lar to the MedDiet, is not associated with a better kidney
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function, despite being protective against hypertension [38],
which in turn is a well-known risk factor for kidney disease,
needs to be further investigated.

The underlying biological mechanisms whereby changes
toward a greater adherence to a plant-based diet as the Med-
Diet, but not the DASH diet, could preserve or improve
kidney function are not entirely clear. When we analyzed
individual components of the 17-item erMedDiet Score, veg-
etables, legumes, wine and the traditional Mediterranean
tomato and olive oil sauce (sofrito) were associated with
better renal function. These foods represent the main dif-
ferences between the two dietary aforementioned patterns
and are rich in some beneficial nutrients such as fiber, anti-
oxidants and anti-inflammatory compounds that may play a
protective role by reducing the levels of inflammatory bio-
markers, improving endothelial function, plasma lipid pro-
files and insulin resistance, lowering high blood pressure,
and preserving a low glycemic index and load [6, 39—45].

Both Mediterranean diet and DASH, which has been
usually associated with better markers of kidney function,
are rich in plant-protein. Despite some evidence has raised
concerns about the detrimental effects of high-protein intake
on kidney damage [46], it seems that besides the quantity,
the source of protein intake might be considered when ana-
lyzing these associations. Likewise, its long-term effects in
vulnerable elderly individuals are still unknown. Our results
regarding the Protein Diet Score are not in line with those
of a previous cross-sectional study based on three cohort
[18], NQplus, Lifelines, and the Young Finns Study, where
a positive association between the protein score and eGFR
was repy, by assuming that participants with renal dysfunc-
tion have already changed their protein intake [18]. Besides,
our results from each component of the Protein Diet Score
suggest that increased protein total intake could be the major
drive for the deleterious renal association observed. Further
research with long duration is warranted using this score
to clarify its potential implication in kidney function and
damage.

Limitations of the current study must be considered when
interpreting the results. Firstly, eGFR measurement was esti-
mated using SCr, as in most of epidemiologic studies, but
other more optimal biomarkers exist. However, the proce-
dures of those biomarkers are expensive, time consuming
and difficult to be used in large population studies. Secondly,
although the FFQ is an appropriate tool to assess usual die-
tary intake when it is carefully administered by trained staff,
recall bias could not be ruled out. Thirdly, this study was
conducted in elderly Mediterranean individuals with over-
weight/obesity and MetS; consequently, our findings cannot
be extrapolated to other study populations. Fourthly, PRED-
IMED-Plus study is a randomized controlled trial; there-
fore, the lifestyle advice in turn could affect our findings.
Nevertheless, we adjusted our analyses by the intervention
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group. Finally, SCr has a well-known biological variability
and as we only measured it at baseline and 1 year (at short
term), some degree of misclassification could be present.
The present study also has notable strengths, which deserve
to be mentioned, such as its prospective design, the relatively
large sample size and the inclusion of different dietary pat-
terns in main analyses. Moreover, we adjusted our models
for a substantial number of covariates which could affect
renal function, to try to control for potential bias. Even so, as
in any observational study, we cannot rule out the possibility
of residual or unmeasured confounding.

Conclusion

In summary, changes towards a greater adherence in the
17-item erMedDiet score after 1 year of follow-up were
associated with better eGFR and lower odds of > 10% eGFR
decline in an elderly population with MetS. Not significant
results were observed with regards to the Trichopoulou-
MedDiet and DASH Score. These discrepancies could be
partially explained by their differences in the calculation
of the score, which in contrast to the 17-item erMedDiet
depends on cut-off points based on the study population
distribution of each item. Future studies in the renal func-
tion field should consider including the 17-item erMedDiet
score in their analyses to clarify and strengthen our find-
ings. Besides, the Protein Diet Score was associated with
changes towards a worse eGFR and higher odds of > 10%
eGFR decline. Our results provide further insights to the
evidence concerning a priori dietary patterns associated
with kidney function in populations at high cardiovascular
risk and reinforce the role of a plant-protein-based healthy
diet in preserving renal function, particularly among this
vulnerable population group. Therefore, improving dietary
habits following a MedDiet could lead to a better kidney
function, and even it could be considered an appropriate
and safe preventive strategy against the onset or progres-
sion of CKD. However, these findings should be confirmed
by future long-term studies and randomized controlled tri-
als before including this kind of diet in the prevention and
management guidelines of CKD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-022-02838-7.
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