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Abstract
Background and objectives Despite improvement of short-term graft survival over recent years, long-term
graft survival after kidney transplantation has not improved. Studies in the general population suggest the
Mediterranean diet beneﬁts kidney function preservation. We investigated whether adherence to the
Mediterranean diet is associated with kidney outcomes in kidney transplant recipients.
Design, setting, participants, & measurements We included 632 adult kidney transplant recipients with a
functioning graft for $1 year. Dietary intake was inquired using a 177-item validated food frequency
questionnaire. Adherence to the Mediterranean diet was assessed using a nine-point Mediterranean Diet Score.
Primary end point of the study was graft failure and secondary end points included kidney function
decline (doubling of serum creatinine or graft failure) and graft loss (graft failure or death with a functioning
graft). Cox regression analyses were used to prospectively study the associations of the Mediterranean Diet
Score with study end points.
Results During median follow-up of 5.4 (interquartile range, 4.9–6.0) years, 76 participants developed graft failure,
119 developed kidney function decline, and 181 developed graft loss. The Mediterranean Diet Score was inversely
associated with all study end points (graft failure: hazard ratio [HR], 0.68; 95% conﬁdence interval [95% CI],
0.50 to 0.91; kidney function decline: HR, 0.68; 95% CI, 0.55 to 0.85; and graft loss: HR, 0.74; 95% CI, 0.63 to 0.88 per
two-point increase in Mediterranean Diet Score) independent of potential confounders. We identiﬁed 24-hour
urinary protein excretion and time since transplantation to be an effect modiﬁer, with stronger inverse
associations between the Mediterranean Diet Score and kidney outcomes observed in participants with higher
urinary protein excretion and participants transplanted more recently.
Conclusions Adherence to the Mediterranean diet is associated with better kidney function outcomes in kidney
transplant recipients.
CJASN 15: 238–246, 2020. doi: https://doi.org/10.2215/CJN.06710619

Introduction
Kidney transplantation is considered the treatment
of choice for patients with ESKD, offering improved
quality of life and survival compared with dialysis
treatment (1–5). The introduction of novel immunosuppressive drugs has greatly improved the shortterm graft survival of kidney transplant recipients;
however, improvement of long-term graft survival
is lagging behind and graft failure still occurs in
33%–57% of kidney transplant recipients after the ﬁrst
10 years after transplantation (6). Donor organ quality,
recipient age, ethnicity, time on dialysis, HLA incompatibility, recurrence of primary kidney disease, use of
nephrotoxic drugs, and cardiovascular comorbidities
all have been associated with graft failure. However, to
what extent modiﬁable factors such as diet affect graft
survival remains largely unknown. Although adherence to a healthy diet and lifestyle has been acknowledged to be of importance, population-speciﬁc dietary
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recommendations for kidney transplant recipients are
lacking (7).
The Mediterranean diet is a dietary pattern traditionally consumed by inhabitants of Mediterranean regions
and features a high intake of ﬁsh, fruit, vegetables,
legumes, nuts, and olive oil, together with low intake
of dairy and meat products. To date, the Mediterranean diet is one of the most extensively studied dietary
patterns and has demonstrated to reduce the risk of
diabetes, cardiovascular disease, and mortality in
the general population (8,9). Moreover, epidemiologic
studies indicate that the Mediterranean diet might also
beneﬁt kidney function preservation (10–13). Previously, we showed that adherence to the Mediterranean
diet reduces risk of new-onset diabetes after transplantation and mortality in kidney transplant recipients (14). However, whether the Mediterranean diet is
associated with kidney function preservation in kidney
transplant recipients is unknown. Therefore, in this
www.cjasn.org Vol 15 February, 2020
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study we aimed to evaluate whether adherence to the
Mediterranean diet is associated with loss of kidney function in a cohort of stable kidney transplant recipients.

Materials and Methods
Study Design and Population
For this study we used data from the TransplantLines
Food and Nutrition Biobank and Cohort Study (ClinicalTrials.gov; #NCT02811835). In summary, all kidney
transplant recipients (aged $18 years) without known
malignancies or active infections and a functioning allograft for $1 year who visited the outpatient clinic of the
University Medical Center Groningen (UMCG) between
2008 and 2011 were invited to participate as described
previously (15). Written consent was obtained from 707
(87%) of the 817 invited kidney transplant recipients. We
excluded participants missing dietary data, leaving 632
individuals eligible for analysis. The study was conducted
according to the guidelines settled in the Declaration
of Helsinki and the Declaration of Istanbul on Organ
Trafﬁcking and Transplant Tourism. The Institutional Review Board of the UMCG approved the study protocol
(METc 2008/186).
Kidney Transplant Characteristics
All participants were transplanted in the UMCG and
had no history of drug or alcohol addiction according
to medical records. Patients were treated with standard
antihypertensive and immunosuppressive therapy. Except
for discouraging excess sodium intake and encouraging
losing weight in overweight individuals, no speciﬁc dietary
advice was conferred. Relevant transplantation characteristics such as transplantation date, donor status, pre-emptive
transplantation (i.e., no dialysis treatment before transplantation), history of acute rejection, hepatitis C status, and
cytomegalovirus infection were retrieved from the UMCG
Renal Transplantation Database. Information regarding
smoking behavior was inquired using a questionnaire.
Mediterranean Diet Score
Dietary intake was assessed at baseline using a validated
food frequency questionnaire (FFQ) (16,17). The questionnaire was self-administered and ﬁlled out at home. The
FFQ inquired about intake of 177 food items during the last
month, taking into account seasonal variations. Frequency
was recorded in times per day, week, or month and
servings were expressed as natural units or household
measures. All questionnaires were checked for completeness by a trained researcher and inconsistent answers were
veriﬁed with the participant. Dietary data were converted
into energy and nutrient intake by research dieticians and
nutritionists using the Dutch Food Composition Table (18).
Adherence to the Mediterranean diet was assessed
using a Mediterranean Diet Score according to the method
described by Trichopoulou et al. (19). Food items were
divided over nine food components (Supplemental Table 1)
(14). On the basis of the sex-speciﬁc median intake,
participants were assigned either one or zero points per
food component. For each food component typically
consumed in higher amounts in the Mediterranean diet
(high ratio of monounsaturated to saturated fatty acids,
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legumes, cereals, vegetables, fruit, and ﬁsh), one point
was attributed to those who consumed more than the sexspeciﬁc median intake. For food components consumed in
lower amounts in the Mediterranean diet (meat and dairy),
one point was attributed if the patient’s consumption
was lower than the sex-speciﬁc median intake. Moderate
alcohol consumption was scored by assigning one point to
men who consumed between 10 and 50 g/d, and to women
who consumed between 5 and 25 g/d. These scores were
summarized to obtain the Mediterranean Diet Score with
varying scores between 0 (lowest adherence) to 9 (highest
adherence).
Assessment of Covariates
All measurements were performed once at baseline
during a morning visit to the outpatient clinic. Body weight
and height was measured with participants wearing indoor
clothing without shoes. Body mass index was calculated as
weight divided by height in meters squared and body
surface area (BSA) was estimated in meters squared (20).
BP and heart rate were measured by a semiautomatic device
(Dinamap 1846; Critikon, Tampa, FL) following a strict
protocol. Information on smoking behavior was inquired
using a questionnaire. Physical activity was assessed using
the Short Questionnaire to Assess Health-Enhancing Physical
Activity score in time multiplied by intensity (21). Weight
gain within the ﬁrst year after baseline was retrieved from
medical records.
Blood was drawn in the morning after an 8- to 12-hour
hour fasting period and participants were asked to complete
24-hour urine collection. Serum creatinine was measured
using an enzymatic, isotope dilution mass spectrometry–
traceable assay on a Roche P-Modulator automated analyzer (Roche Diagnostics) and eGFR was calculated using
the CKD Epidemiology Collaboration creatinine-based
formula (22). Other laboratory measurements, including
glucose homeostasis parameters, lipids, and electrolytes,
were measured according to routine laboratory methods.
Clinical End Points
The primary end point was graft failure, deﬁned as
return to dialysis or retransplantation. Secondary end
points were the composite end points kidney function
decline deﬁned as doubling of serum creatinine or graft
failure, and graft loss deﬁned as graft failure or death
with a functioning graft. For the end points graft failure
and kidney function decline, patients who died with a
functioning graft were censored at time of death. All
participants received medical care at the UMCG alone or
medical care shared with a secondary referral hospital. In
accordance with the Kidney Disease: Improving Global
Outcomes guidelines, follow-up visits the ﬁrst year
after transplantation were performed every 3 months (7).
Data on graft failure and death were retrieved from
medical records and veriﬁed with the corresponding
nephrologist or the Municipal Personal Records Database in case of death. End points were recorded until
September 30, 2015.
Statistical Analyses
Normally distributed data are presented as mean6SD,
whereas skewed data are presented as median (interquartile
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range [IQR]) and percentages are used to summarize
categorical data. Associations between baseline characteristics and the Mediterranean Diet Score were analyzed
by linear regression for continuous data or chi-squared
test for categorical data. Skewed distributed data were
log-transformed to meet the assumption of linearity for
linear regression analysis.
To study the association of the Mediterranean Diet Score
on graft failure, kidney function decline and graft loss we
performed Cox proportional hazard regression analyses to
calculate hazard ratios (HRs) and 95% conﬁdence intervals
(95% CIs) per two-point increment of the Mediterranean
Diet Score. Nonlinearity was tested by comparing a linear
model to a restricted cubic spline model. We performed
crude analyses with the Mediterranean Diet Score as a
continuous variable and performed multivariable analyses
in which we cumulatively adjusted for age, sex, and BSA
(model 1); kidney function characteristics, including eGFR,
urinary protein excretion, time since transplantation, primary
kidney disease (model 2); and transplantation-speciﬁc characteristics, including total HLA mismatches, living or
deceased kidney donor status, and pre-emptive transplantation (model 3). To prevent overﬁtting by including too
many covariates in relation to number of events, further
models were constructed additive to model 3. In these
models, we adjusted for history of acute rejection, hepatitis
C status, and cytomegalovirus infection (model 4); use of
calcineurin inhibitors, proliferation inhibitors, and corticosteroids (model 5); diabetes, systolic BP, cardiovascular
history, and use of angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and thiazide diuretics
(model 6); and smoking status, Short Questionnaire to
Assess Health-Enhancing Physical Activity score, energy
and protein intake, and weight gain in the ﬁrst year after
baseline (model 7). Additionally, we separately analyzed
the associations of each food component as a categorical
variable with study end points. The associations of the
Mediterranean Diet Score on graft failure, kidney function
decline, and graft loss are visualized by ﬁtting multivariable
Cox regression analyses according to model 3 with the
median Mediterranean Diet Score of 5 as reference. In
sensitivity analyses, we analyzed whether the Adapted
Mediterranean Diet Score was associated with study end
points (see Supplemental Table 2 for a detailed description
of the Adapted Mediterranean Diet Score) (23). Furthermore, we analyzed the association of the Mediterranean
Diet Score with mortality and performed competing risk
analyses according to Fine and Gray on study end points,
considering death as a competing event (24).
We evaluated potential effect modiﬁcation by sex, eGFR,
time since transplantation, and urinary protein excretion by
ﬁtting models containing both main effects and their crossproduct terms. To visualize effect modiﬁcation, we constructed interaction plots displaying the HR and 95% CI of a
two-point Mediterranean Diet Score increase on study end
points according to varying values of the effect-modifying
variable, on the basis of Cox regression models containing
both main effects and their crossproduct terms (25).
Linear and Cox regression were performed using SPSS
version 23.0 (IBM Corp., Armonk, NY). Proportionality
of hazards and competing risk analyses were tested using
STATA version 13 (Statacorp., College Station, TX). R version

3.3.2 (R Foundation for Statistical Computing, Vienna,
Austria) was used to test nonlinearity and construct interaction plots. A P value ,0.1 was considered statistically signiﬁcant to detect effect modiﬁcation. Otherwise, a
P value ,0.05 was considered statistically signiﬁcant.

Results
Baseline characteristics are shown in Table 1. We included 632 patients at a median of 5.7 (IQR, 1.9–12.1) years
after transplantation. Mean age was 53613 years and 354
(57%) were men. In general, patients were slightly overweight (body mass index 26.664.8) and 152 (24%) had
diabetes. Total daily energy intake was 910262667 kilojoules
per day and 76 (12%) patients were smokers at baseline. The
Mediterranean Diet Score was associated with living kidney
donor (standardized b, 0.10; 95% CI, 0.02 to 0.18; P=0.01),
use of proliferation inhibitors (standardized b, 0.10; 95% CI,
0.02 to 0.17; P=0.02) and thiazide diuretics (standardized
b, 20.09; 95% CI, 20.17 to 20.01; P=0.03), and diabetes
(standardized b, 20.10; 95% CI, 20.18 to 20.02; P=0.01).
During a median follow up of 5.4 (IQR, 4.9–6.0) years with
no patients lost to follow-up, 76 (12%) developed graft
failure (5-year incidence rate of 11%). Chronic allograft
dysfunction was the major cause of graft failure accountable for 56 (74%) of all graft failures. Other causes for graft
failure included return of primary kidney disease (9%),
infection (7%), acute rejection (4%), BK nephropathy (4%),
and vascular complications (3%). Decline of kidney function occurred in 119 (19%) patients (5-year incidence rate
of 17%), of whom 93 experienced a doubling of serum
creatinine and 26 developed death-censored graft failure.
Overall, 181 (29%) patients developed graft loss (5-year
incidence rate of 25%).
The associations of the Mediterranean Diet Score on graft
failure, kidney function decline, and graft loss are depicted
in Table 2. The Mediterranean Diet Score was inversely
associated with graft failure (HR, 0.76; 95% CI, 0.58 to 0.98;
5-year absolute risk reduction (ARR), 3%), kidney function
decline (HR, 0.76; 95% CI, 0.62 to 0.93; 5-year ARR, 4%),
and graft loss (HR, 0.78; 95% CI, 0.66 to 0.92; 5-year ARR,
5%). These associations remained, independent of adjustment for age, sex, BSA, eGFR, urinary protein excretion,
time since transplantation, primary kidney disease, HLA
mismatches, living versus deceased donor kidney, and preemptive transplantation (graft failure: HR, 0.68; 95% CI,
0.50 to 0.91; kidney function decline: HR, 0.68; 95% CI, 0.55
to 0.85; and graft loss: HR, 0.74; 95% CI, 0.63 to 0.88).
Further adjustment for immunosuppressive treatment
(model 5), cardiovascular risk factors (model 6), and
lifestyle parameters (model 7) did not materially alter
these associations. We found no indication of nonlinear
associations of the Mediterranean Diet Score on study end
points. The associations of the Mediterranean Diet Score on
study end points using multivariable Cox regression
analyses are presented in Figure 1.
In subgroup analyses of the individual food components,
we did not ﬁnd a consistent association of a speciﬁc food
component across all study end points. However, higher
than median intake of legumes and nuts was inversely
associated with graft failure (HR, 0.57; 95% CI, 0.36 to 0.91),
moderate alcohol consumption was inversely associated
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Table 1. Baseline characteristics and associations with the Mediterranean Diet Score
Characteristic
Mediterranean Diet Score
Demographics
Age, yr
Male sex, n (%)
Primary kidney disease, n (%)
Primary glomerulopathy
Glomerulonephritis secondary to systemic disease
Tubulointerstitial nephritis
Polycystic kidney disease
Kidney hypoplasia and dysplasia
Renovascular disease
Diabetic kidney disease
Other or unknown
Diabetes, n (%)
Cardiovascular disease, n (%)
Weight, kg
Height, cm
BMI, kg/m2
BSA, m2
Transplant-speciﬁc characteristics
Time after transplantation, yr
Pre-emptive transplantation, n (%)
Living kidney donor, n (%)
HLA mismatches
Acute rejection, n (%)
Cytomegalovirus infection, n (%)
Hepatitis C status, n (%)
Medication use, n (%)
Antihypertensive drugs
ACE inhibitor
Angiotensin II inhibitor
b-Blocker
Calcium channel antagonist
Thiazide diuretic
Loop diuretic
Statins
Calcineurin inhibitor
Proliferation inhibitor
Corticosteroids
Hemodynamic parameters
Systolic BP, mm Hg
Diastolic BP, mm Hg
Heart rate, bpm
Kidney function
Serum creatinine, mg/dl
eGFR, ml/min per 1.73 m2
Protein excretion, g/d
Laboratory parameters
Glucose, mg/dl
HbA1c, %
Total cholesterol, mg/dl
HDL cholesterol, mg/dl
LDL cholesterol, mg/dl
hs-CRP, mg/ml
Albumin, g/dl
Lifestyle parameters
Smokers, n (%)
SQUASH score, time3intensity
Total energy intake, kJ/d (kcal/d)
Protein intake, g/d (% of kcal/d)
Fat intake, g/d (% of kcal/d)
Carbohydrate intake, g/d (% of kcal/d)
Weight gain ﬁrst year after baseline, kg

Total Population
(n=632)

Standardized b

95% Conﬁdence
Interval

4.361.7

—

—

53613
354 (57)

0.04
0.04

179 (28)
46 (7)
74 (12)
135 (21)
23 (4)
36 (6)
30 (5)
109 (17)
152 (24)
252 (40)
80616
173610
26.664.8
1.9460.22

20.02
0.008
0.01
0.06
20.03
20.03
20.03
0.01
20.10
0.03
0.007
0.08
20.04
0.03

20.09 to 0.06
20.07 to 0.09
20.06 to 0.09
20.02 to 0.14
20.11 to 0.04
20.11 to 0.05
20.11 to 0.05
20.09 to 0.07
20.18 to 20.02
20.05 to 0.11
20.07 to 0.09
20.01 to 0.15
20.12 to 0.04
20.04 to 0.11

5.7 [1.9–12.1]
103 (16)
216 (34)
2 [1–3]
166 (26)
163 (26)
8 (1)

0.04
0.05
0.10
0.05
0.07
0.01
20.01

20.04 to 0.11
20.03 to 0.13
0.02 to 0.18
20.03 to 0.13
20.01 to 0.15
20.06 to 0.09
20.06 to 0.09

556 (88)
208 (33)
102 (16)
401 (63)
156 (25)
102 (16)
125 (20)
338 (54)
362 (57)
529 (84)
627 (99)

20.003
20.001
20.04
0.05
20.05
20.09
20.03
0.07
20.06
0.10
20.02

20.08 to 0.07
20.08 to 0.08
20.12 to 0.04
20.03 to 0.13
20.13 to 0.03
20.17 to 20.01
20.10 to 0.06
20.01 to 0.15
20.14 to 0.02
0.02 to 0.17
20.09 to 0.06

136617
83611
69612

20.05
0.01
20.04

20.13 to 0.03
20.07 to 0.09
20.12 to 0.04

1.4 [1.1–1.8]
52620
0.19 [0.02–0.35]

20.002
20.02
20.06

20.08 to 0.08
20.10 to 0.05
20.13 to 0.02

96 [87–108]
5.8 [5.5–6.2]
197643
50 [42–66]
116635
1.6 [0.7–4.5]
4.360.3

20.04
20.07
20.04
0.06
20.04
20.003
0.01

20.12 to 0.04
20.15 to 0.01
20.12 to 0.04
20.15 to 0.14
20.12 to 0.04
20.08 to 0.08
20.07 to 0.09

76 (12)
5230 [2423–8029]
910262667 (21726638)
82620 (1563)
88634 (3666)
249678 (4666)
0.364.7

20.04
0.07
0.08
0.03
0.03
0.06
20.03

20.12 to 0.04
20.01 to 0.15
20.01 to 0.15
20.05 to 0.11
20.05 to 0.11
20.01 to 0.14
20.11 to 0.04

20.04 to 0.12
20.04 to 0.12

Data are reported as mean6SD, median [interquartile range], or numbers. BMI, body mass index; BSA, body surface area; ACE,
angiotensin-converting enzyme; HbA1C, glycated hemoglobin; Hs-CRP, high-sensitivity C-reactive protein; SQUASH, Short Questionnaire to Assess Health-Enhancing Physical Activity.
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Table 2. Prospective analyses of the association of Mediterranean Diet Score on risk of graft failure, kidney function decline, and graft
loss per two-point increment
Primary End Point
Graft Failure

Kidney Function Decline

Graft Loss

76

119

181

No. of Events
Model
Crude
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7

Secondary End Points

Hazard Ratio
(95% CI)

P Value

Hazard Ratio
(95% CI)

P Value

Hazard Ratio
(95% CI)

P Value

0.76 (0.58 to 0.98)
0.76 (0.58 to 0.99)
0.68 (0.50 to 0.91)
0.68 (0.50 to 0.91)
0.66 (0.49 to 0.90)
0.67 (0.50 to 0.91)
0.64 (0.47 to 0.88)
0.68 (0.50 to 0.92)

0.04
0.04
0.01
0.01
0.008
0.009
0.005
0.01

0.76 (0.62 to 0.93)
0.76 (0.61 to 0.93)
0.67 (0.54 to 0.83)
0.68 (0.55 to 0.85)
0.67 (0.54 to 0.84)
0.68 (0.55 to 0.86)
0.68 (0.54 to 0.85)
0.70 (0.56 to 0.88)

0.009
0.008
,0.001
0.001
0.001
0.001
0.001
0.003

0.78 (0.66 to 0.92)
0.78 (0.66 to 0.92)
0.72 (0.61 to 0.86)
0.74 (0.63 to 0.88)
0.73 (0.61 to 0.87)
0.74 (0.62 to 0.88)
0.72 (0.60 to 0.86)
0.73 (0.61 to 0.87)

0.004
0.003
,0.001
0.001
,0.001
0.001
,0.001
0.001

Model 1: Mediterranean Diet Score, age, sex, and body surface area. Model 2: model 1 plus primary kidney disease, eGFR, 24-hour protein
excretion, and time since transplantation. Model 3: model 2 plus total HLA mismatches, living donor kidney status, and pre-emptive
transplantation. Model 4: model 3 plus history of acute rejection, cytomegalovirus infection, and hepatitis C status. Model 5: model 3 plus
calcineurin inhibitor use, proliferation inhibitor use, and prednisolone use. Model 6: model 3 plus diabetes, systolic BP, cardiovascular
history, ACE inhibitor, angiotensin II antagonist, and thiazide diuretic. Model 7: model 3 plus smoking status, physical activity
(SQUASH score), energy intake, protein intake, and weight gain 1 year after baseline. 95% CI, 95% conﬁdence interval; ACE, angiotensinconverting enzyme; SQUASH, Short Questionnaire to Assess Health-Enhancing Physical Activity.

Effect Modifications
We observed effect modiﬁcation by urinary protein
excretion and time since transplantation on the association
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respectively), independent of age, sex, and eGFR. As
depicted in Figure 2 the magnitude of the association of
the Mediterranean Diet Score on study end points was
greater in patients with higher urinary protein excretion (Figure 2, A–C) and more recently transplanted patients
(Figure 2, D–F). We found no indication for effect
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95% CI, 0.44 to 0.89) were both inversely associated with
graft loss (Supplemental Table 3).
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Figure 1. | Associations of the Mediterranean Diet Score with graft failure, kidney function decline, and graft loss in stable kidney transplant
recipients. Data were fitted by Cox proportional-hazards regression using a Mediterranean Diet Score of 5 as reference value. The black line
represents the hazard ratio and the gray area represents the 95% confidence interval.
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Figure 2. | Urinary protein excretion and time since transplantation significantly modify the associations between the Mediterranean Diet
Score and kidney endpoints. The black line represents the hazard ratio and the gray area represents the 95% confidence interval estimated using
Cox regression analyses. The dots refer to the hazard ratios at cut-off values of urinary protein excretion set at 0.5, 1.0, and 3.0 g/d, respectively,
and cut-off values of time since transplantation set at 5, 10, and 15 years, respectively.

modiﬁcation of the Mediterranean Diet Score with sex or
eGFR (P$0.05).
Sensitivity Analyses
The Adapted Mediterranean Diet Score was inversely associated with graft failure (HR, 0.76; 95%
CI, 0.59 to 0.99; P=0.04), kidney function decline (HR,
0.73; 95% CI, 0.60 to 0.90; P=0.003), and graft loss
(HR, 0.79; 95% CI, 0.67 to 0.94; P=0.006) in univariable
analyses. In multivariable analyses, the associations of
the Adapted Mediterranean Diet Score on graft failure
showed similar HRs but did not remain statistically
signiﬁcant, but the associations of the Adapted Mediterranean Diet Score on kidney function decline and
graft loss remained signiﬁcantly associated (Supplemental
Table 4).
Additionally, we performed competing risk analyses
with death as a competing event for graft failure and
kidney function decline. The association of the Mediterranean Diet Score and mortality is shown in Supplemental Table 5. In competing risk analyses we observed that
the Mediterranean Diet Score remained inversely associated with graft failure (HR, 0.76; 95% CI, 0.59 to 0.99;
P=0.04) and kidney function decline (HR, 0.77; 95% CI,
0.63 to 0.93; P=0.007). Adjustment for potential confounders did not materially affect these associations
(Supplemental Table 6).

Discussion
In this study we showed that adherence to the Mediterranean diet was associated with better kidney graft outcomes in a large cohort of stable kidney transplant
recipients. In addition, this study shows that the association of adherence to the Mediterranean diet with graft
survival was more pronounced in kidney transplant
recipients with more proteinuria and who are transplanted
more recently. Chrysohoou et al. were the ﬁrst to demonstrate that higher adherence to the Mediterranean diet was
associated with better kidney function in a cross-sectional
study of 1212 participants in the ATTICA study (10) and
similar results were reported by Huang et al. (11) in 1110
Swedish males. Furthermore, prospective studies have
demonstrated that adherence to the Mediterranean diet
is also protective for the development of CKD and kidney
function decline and is associated with lower albuminuria
(12,13,26). Moreover, in sensitivity analyses, we showed
that the Adapted Mediterranean Diet Score, which recently has been associated with incident CKD in the general
population (27), is also associated with better kidney
outcomes in kidney transplant recipients.
Multiple mechanisms might explain the beneﬁcial effect
of the Mediterranean diet because high adherence to
this prudent diet could modify several factors, including oxidative stress, inﬂammation, endothelial dysfunction,
dietary acid load, lipid proﬁle, protein intake, and glycemic
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index, and thereby mediate the association of the Mediterranean diet on kidney function outcomes. Several characteristics of the Mediterranean diet, including fruit and
vegetable intake, which leads to a higher intake of antioxidants
and ﬁbers, and higher intake of v-3 fatty acids, have been
associated with reducing oxidative stress and inﬂammation
(23,28,29). Furthermore, low meat intake and high fruit and
vegetables intake is associated with improving the acid-base
balance (30) and low dietary acid load has been associated
with lower incidence of CKD (31). Additionally, proteins
predominantly from plant-based foods have favorable
effects on lipid proﬁle and are associated with lower risk
of incident CKD and ESKD (32–34). The protective effect
on the Mediterranean diet on cardiovascular risk factors
such as hypertension, diabetes, and obesity may also contribute to a beneﬁcial effect on kidney outcomes (10–13).
In our study, the Mediterranean Diet Score was inversely
associated with diabetes, a known risk factor for graft failure
in kidney transplant recipients (35–37). We found that the
magnitude of the inverse association of the Mediterranean
Diet Score on kidney graft survival was stronger in participants with higher urinary protein excretion and in patients
transplanted more recently. Considering protein excretion
is a well established risk factor for kidney function decline
and ESKD (38–40), it can be expected that a healthier diet
particularly beneﬁts kidney transplant recipients with higher
urinary protein excretion. It is known that risks for graft
failure are time-dependent and the mechanisms for early and
late graft failure differ, which may explain why kidney
transplant recipients with a longer time since transplantation beneﬁt less from a Mediterranean diet (41).
To our knowledge, this is the ﬁrst study to evaluate the
association between adherence to the Mediterranean diet
and kidney function outcomes in kidney transplant recipients. Strengths of this study include the prospective
design of the study, the relatively long median follow-up
of 5.4 years, and clinically relevant end points without
participants lost for follow-up. On the other hand, we
acknowledge that this study has several limitations.
Dietary intake was assessed using a self-reporting FFQ,
which could lead to possible misclassiﬁcation and over- or
under-reporting of dietary intake. Previously, a slight
underreporting of protein intake by this FFQ was demonstrated (42). Another limitation of our study is that dietary
intake was assessed once at baseline and therefore possible
changes in dietary intake and adherence to diet over time
could not be accounted for. Nevertheless, most epidemiologic studies use single baseline measurements to study
associations with long-term outcome, which is likely to
adversely affect strengths of these associations with outcomes and might lead to underestimation of associations
between baseline measurements and long-term outcome,
rather than overestimation (43,44). Furthermore, adherence
to the Mediterranean Diet Score was assessed in a Dutch
population and consumption of food items may differ from
populations in Mediterranean regions, which warrants
careful consideration when attempting to extrapolate these
results to other populations. In addition, sicker individuals
could have received more frequent follow-up visits, which
could have led to a greater chance of detecting doubling of
serum creatinine. However, if such an effect occurred, it is
likely to have been very small, because all participants were

seen at 3-month intervals. As with any observational study,
residual confounding may exist despite having adjusted
for several potential confounders in our analyses. Finally,
the observational nature of the study precludes us from
drawing conclusions of causality.
In conclusion, in this single-center cohort of kidney
transplant recipients we showed that adherence to the
Mediterranean diet is associated with better kidney function outcomes in kidney transplant recipients, independent
of potential confounders. These ﬁndings suggest that
adopting a Mediterranean diet may beneﬁt kidney graft
survival after kidney transplantation, particularly in individuals with higher protein excretion and patients transplanted more recently. Randomized trials with dietary
interventions, including guidance and education of a dietician, aimed to improve adherence to the Mediterranean
diet in kidney transplant recipients are warranted to
further substantiate these ﬁndings.
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