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Adherence to the Mediterranean diet is associated with
reduced risk of incident chronic kidney diseases among
Tehranian adults

Golaleh Asghari1, Hossein Farhadnejad2, Parvin Mirmiran2, Alireza Dizavi2, Emad Yuzbashian2

and Fereidoun Azizi3

Greater adherence to the Mediterranean diet has beneficial effects on the prevention of chronic diseases. In the current study,

we investigated the association between the Mediterranean diet score (MDS) and the 6-year incidence of chronic kidney disease

(CKD), conducted in the framework of the Tehran Lipid and Glucose Study with 1212 adults, aged 30–71 years. Dietary intake

was assessed using a valid and reliable food-frequency questionnaire, and all subjects received scores between 0 and 8 points

based on the traditional MDS. The components of the MDS were fruits and nuts, vegetables, legumes, cereals, fish, meat, dairy

products and the monounsaturated to saturated fatty acid ratio. The odds ratio (OR) for the occurrence of CKD according to the

quartiles of the MDS was assessed by multivariable logistic regression. The mean (s.d.) age of participants (51% male) at

baseline was 43.5 (9.4) years. The median (25–75 interquartile range) of MDS for all subjects was 4 (3–5).The incidence of

CKD was 19%. After adjustment for all potential confounding variables, individuals in the highest quartile of the MDS were 51%

less likely to have CKD than those in the lowest quartile (OR=0.49; 95% confidence interval (CI): 0.30–0.82). Additionally,

after further adjustment for baseline estimated glomerular filtration rate (GFR), the inverse association between the MDS and the

6-year incidence of CKD remained significant (OR=0.53; 95% CI: 0.31–0.91). Our findings demonstrate a significant inverse

association between the MDS and the risk of incident CKD, indicating that adherence to the Mediterranean diet has favorable

effects on the prevention of kidney dysfunction.
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INTRODUCTION

Chronic kidney disease (CKD) is a major public health problem
characterized by the presence of albuminuria, a glomerular filtration rate
(GFR) o60ml min−1 1.73 m−2 for ⩾3 months and structural and
functional damage to the kidney.1,2 The prevalence and incidence of
CKD are rising rapidly worldwide, highlighting it as one of the greatest
contributors to the global burden of disease by increasing the risk of
cardiovascular disease and mortality.3,4 Hypertension, diabetes and obesity
are multifactorial abnormalities that are readily treatable risk factors for
the most common causes of mortality and morbidity, in particular,
CKD.2,5 In the recent global data, the prevalence of diabetes was estimated
to be 10.9%, and it is projected to increase to 11.3% by 2035;6 prevalence
of hypertension was 420%7 in the Middle East and Africa. Moreover,
other genetic and environmental factors, including nutritional factors and
dietary patterns, are major contributing risk factors for CKD.8–10

Most of the meals consumed consist of a wide variety of foods with
a mixture of nutrients; therefore, assessing the role of dietary patterns

in the pathogenesis of a chronic disease instead of a single food or
nutrient is far more important and valuable. One such dietary pattern
is the Mediterranean diet, characterized as follows: a high intake of
vegetables, legumes, fruits and cereals, and the unsaturated fatty acids/
saturated fatty acids ratio; a moderately high intake of fish; a low-to-
moderate intake of dairy products; a low intake of meat and poultry;
and a regular but moderate amount of wine.11 This dietary pattern has
received much attention recently for its benefits in the prevention of
cardiovascular disease, diabetes, metabolic syndrome, neurological
diseases and cancer and in the reduction of overall mortality.12–14

Currently, limited controversial data are available on the relation-
ship between the Mediterranean diet and kidney function
markers.15–18 Some previous studies indicated that the possible
beneficial effects of adherence to the Mediterranean diet include the
prevention of albuminuria,17 GFR decline15 and reductions in serum
levels of urea and creatinine.16 However, in one controlled clinical trial
study, the long-term favorable effects of the Mediterranean dietary
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pattern on kidney function were not confirmed.18 To the best of our
knowledge, only one study investigated the association between the
adherence to the Mediterranean dietary pattern and the incidence of
CKD, indicating the positive role of this dietary pattern in decreasing
the risk of CKD;19 however, because this study was conducted on old
men, it may not be extensible to the general population.
Considering data on the high incidence of CKD in Iranian

populations and the beneficial effects of the Mediterranean diet on
kidney function, derived predominantly from investigations per-
formed in developed countries and the lack of data from developing
ones viz. from the MENA (Middle East and North Africa) region, we
aimed to examine the association between the adherence to the
Mediterranean dietary pattern and the risk of incident CKD among
Tehranian adults.

METHODS

Subjects
The present study was performed within the framework of the Tehran Lipid
and Glucose Study (TLGS), a population-based prospective study conducted
to determine the risk factors for non-communicable diseases among a
representative urban population of Tehran, including 15 005 participants aged
⩾ 3 years.20 This study was performed using multistage cluster random
sampling methods. The first phase of the TLGS began in March 1999 and
data collection, conducted at 3-year intervals, is ongoing; the baseline
survey was a cross-sectional study conducted from 1999 to 2001, and surveys
2 (2002–2005), 3 (2006–2008), 4 (2009–2011) and 5 (2012–2015) were
prospective follow-up surveys. In the third survey of the TLGS (2006–2008),
from the 12 523 participants, 3462 were randomly selected and agreed to
complete the dietary assessment.
For the current study, a total of 1905 individuals, aged 30–70 years, with

complete data in the third survey of the TLGS (baseline examination) were
enrolled and followed to the fifth survey (outcome examination) (median
follow-up: 6.1 years). Subjects who under- or over-reported dietary intakes
(o800 kcal per day or44200 kcal per day respectively) or who were on specific
diets (n= 88), those with a history of myocardial infraction, cerebral vascular
accident and cancers (n= 30) and those with CKD (n= 439) were excluded. Of
the 1348 non-CKD subjects at baseline, 1212 participants remained for the final
analysis after a 6.1-year follow-up (follow-up rate: 90%, Figure 1).
The study protocol was approved by the ethics committee of the Research

Institute for Endocrine Sciences, affiliated with the Shahid Beheshti University

of Medical Sciences, Tehran, Iran. Written informed consent was obtained
from all of the subjects.

Dietary intake assessment
A valid and reliable 168-item semi-quantitative food-frequency questionnaire
was used to assess the food intake of subjects over the previous year.21 Trained
dietitians, with at least 5 years of experience in the TLGS survey, asked
participants to designate their consumption frequency for each food item
during the previous year on a daily, weekly or monthly basis. The portion sizes
of consumed foods were reported in household measures and then converted to
grams. The dietary intakes from the third survey of the TLGS were considered
to be the dietary intake exposure at baseline.
The Mediterranean diet score (MDS) was determined according to Tricho-

poulou et al.,11 focusing on the following eight components: a high intake of
legumes, vegetables, nuts and fruits, and cereals; a high dietary ratio of
monounsaturated fatty acid (MUFA) to saturated fatty acid (SFA); a moderately
high intake of fish; a low-to-moderate intake of dairy products, mostly in the
form of cheese or yogurt; and a low intake of meat and poultry. Each food
component was energy adjusted using the energy density method (g per
1000 kcal) to determine the MDS. The sex-specific median intake in the
population was considered as the cutoff for each of the eight food components
of a typical Mediterranean diet; a value of 1 was assigned to a high intake
(⩾median) of each of the desirable components, that is, fruits and nuts,
vegetables, legumes, cereals and fish, or to a low intake (o median) of each of
the detrimental foods, that is, meat and dairy products. Additionally,
individuals whose consumption was at or above the median for detrimental
foods and below the median for desirable foods were assigned a value of 0. For
fat intake, we used the ratio of daily consumption (in grams) of MUFA to SFA;
a value of 1 was assigned if this ratio was greater than the sex-specific median
value and a value of zero was assigned for consumption less than the median.22

For religious reasons, alcohol consumption is not common in Iranian
populations, and because of under-reporting, alcohol consumption cannot be
properly estimated in our country. Therefore, alcohol consumption was not
considered to be a food component. We then summed up the points for all
eight items to calculate the MDS. Thus, the total MDS ranged from zero (no
adherence) to 8 (maximal adherence).

Physical activity assessment
The Modifiable Activity Questionnaire, used for assessing the physical activity
levels of participants, has been previously modified and validated among
Iranians.23 Individuals were asked to report and identify the frequency and time

Subjects with dietary assessment 

Exclusion criteria: 
Age <30 years (n=1557) 
Over- and under- report (n=88)
History of chronic diseases (n=30)  
Having CKD (n=439) 

Lost to follow-up (n=136) 

Healthy subjects after exclusion 
(n=1348)

Survey 5 of the TLGS 
(2012-2015)

Final population  
(n=1212)

6-year follow
-up

Survey 3 of the TLGS 
(2006-2008) 

Figure 1 Flowchart of the Tehran Lipid and Glucose Study (TLGS) participants.
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spent during the past 12 months on activities of light, moderate, hard, and very
hard intensity, according to a list of common activities of daily life; the physical
activity levels were expressed as metabolic equivalent hours per week (MET-h
per week).

Clinical and biological measurements
The participants were interviewed by trained interviewers using pretested
questionnaires. Information on age, sex, medical history, medication use and
smoking habits was collected. Anthropometric measures, including weight,
height and waist circumference, were measured, and body mass index (BMI)
was calculated. Weight was measured and recorded while the subjects were
minimally clothed, without shoes or socks, using a digital scale with an accuracy
of up to 100. Height was measured in a standing position without shoes, using a
stadiometer with a minimum measurement of 1 mm, while the shoulders were
in normal alignment. BMI was computed as weight in kilograms divided by
height in meters squared. Waist circumference was measured at the level of the
umbilicus, over light clothing, using an unstretched shape tape meter without
any pressure to the body surface, and the measurements were recorded to the
nearest 0.1 cm. Blood pressure was measured twice on the right arm after
resting for at least 15 min while sitting on chair with a minimum interval of
30 s, using a mercury sphygmomanometer and the Korotkoff sound technique
with an accuracy of 2 mm Hg; the average of the two measurements was
considered to be the final pressure. We recorded the systolic blood pressure
when the first sound was heard and the diastolic blood pressure when the
sound disappeared. A blood sample was taken after 12–14 h of overnight fasting
in a sitting position according to the standard protocol and centrifuged within
30–45 min of collection. All of the blood analyses were performed at the TLGS
research laboratory on the day of blood collection. The samples were analyzed
using the Selectra 2 auto-analyzer (Vital Scientific, Spankeren, The Nether-
lands). Fasting plasma glucose (FPG) was measured using an enzymatic
colorimetric method with glucose oxidase. Both inter- and intra-assay
coefficient variations were 2.2% for FPG. For the oral glucose tolerance test,
82.5 g of glucose monohydrate solution (equivalent to 75 g anhydrous glucose)
was administered orally to subjects, aged 420 years, except for diabetics on
medication. A second blood sample was taken 2 h after glucose ingestion. The
serum creatinine levels were assayed according to the standard colorimetric
Jaffe Kinetic reaction method. Both intra- and inter-assay coefficient variations
were o3.1%. These analyses were performed using commercial kits (Pars
Azmoon, Tehran, Iran).

Definitions
According to the criteria of the American Diabetes Association, subjects with
FPG ⩾126 mg dl− 1, with a 2-h post 75 g glucose load ⩾ 200 mg dl− 1 or who
were on current therapy for a definite diagnosis of diabetes were defined as
having diabetes.24 Hypertension was defined as any of the following: systolic
blood pressure ⩾ 140, diastolic blood pressure ⩾ 90 or taking antihypertensive

medications.25 Smoking status included smokers (subjects who smoked
cigarettes daily or occasionally) and non-smokers.
For this study, the MDRD (Modification of Diet in Renal Disease) equation

formula was used to express estimated GFR (eGFR) in ml min− 1 1.73 m−2 of
body surface area.26 The abbreviated MDRD study equation is as follows:

eGFR ¼ 186 ´ Serumcreatinineð Þ�1:154 ´ Ageð Þ�0:203 ´ 0:742 if femaleð Þ ´ 1:210 if African� Americanð Þ

Using national kidney foundation guidelines, the subjects were classified
based on their eGFR levels as follows: eGFR ⩾ 60 ml min− 1 1.73 m−2 for the
non-CKD group and eGFR o60 ml min− 1 1.73 m− 2 for the CKD group.

Statistical analysis
The Statistical Package for Social Sciences (version 15.0; SPSS, Chicago, IL,
USA) was used for the analysis. To assess the normality of the variables,
histogram charts and a Kolmogorov–Smirnov analysis were used, indicating
that all of the variables had a normal distribution. The baseline characteristics
of the subjects were expressed as the mean ± s.d. for continuous variables and
percentages for categorical variables. Chi-square and independent sample t-tests
were used for the comparison of qualitative and quantitative variables,
respectively, between subjects with and without CKD. Subjects were categorized
according to quartiles of MDS cutoff points. To estimate the risk of 6-year
incident outcomes, multivariable logistic regression models were used with
CKD as the dependent variable and MDS as an independent variable; the odds
ratio (OR) and 95% confidence interval (CI) were reported. Logistic regression
models were adjusted for sex, age, smoking status, physical activity, total calorie
intake, BMI, diabetes, hypertension and baseline eGFR. P-values o0.05 were
considered to be statistically significant.

RESULTS

The mean (s.d.) age of the study population (51% male) was 43.50
(9.40) years. The median (25–75 interquartile range) of the MDS was
4 (3–5) for all subjects, and the incidence of CKD was 19% after 6.1
years of follow-up.
The baseline characteristics of the study population are shown in

Table 1. Compared with non-CKD subjects, participants with CKD
were significantly older, had lower eGFR and higher prevalence of
diabetes and hypertension at baseline (Po0.05). Non-CKD partici-
pants also spent less time on leisure physical activity (Po0.05). No
significant differences in smoking status and BMI were observed
between subjects in the CKD and non-CKD groups. Regarding
baseline characteristics of subjects according to quartiles of the
MDS, subjects in the upper quartile had higher systolic blood pressure
and FPG compared with those in the lowest, whereas there were no
significant differences in all of the other factors according to MDS
quartiles (Table 2).

Table 1 Baseline lifestyle and clinical characteristics of subjects according to their status of chronic kidney disease (CKD): Tehran Lipid and

Glucose study

CKD status at follow-up

Characteristics Total (n=1212) CKD (n= 232) Non-CKD (n=980) P-value

Age (years) 43.5 (9.4) 46.8 (10.5) 42.7 (8.9) 0.001

Male (%) 51.0 44.0 52.6 0.020

Body mass index (kg m−2) 27.9 (4.5) 28.3 (4.6) 27.8 (4.4) 0.070

Current smoking (%) 14.6 11.0 15.5 0.070

Physical activity (MET-hours per week) 80.9 (46.3) 74.7 (37.0) 82.4 (48.0) 0.010

Diabetes (%) 6.3 9.1 5.7 0.040

Hypertension (%) 22.0 27.0 20.0 0.040

eGFR (ml min−1 1.73 m−2) 73.5 (8.0) 70.0 (6.0) 74.5 (7.5) o0.001

Mediterranean diet score 4.1 (1.5) 4.0 (1.6) 4.2 (1.5) 0.180

Abbreviations: eGFR, estimated glomerular filtration rate; MET, metabolic equivalent.
Data are presented as mean (s.d.) for continuous variables and percent for categorically distributed variables.

Mediterranean diet and incident CKD
G Asghari et al

98

Hypertension Research



The energy-adjusted (g per 1000 kcal) means (s.d.) for dietary
intakes across the quartiles of the MDS are shown in Table 3. The
dietary intakes of cereals, fruit and nut, fish, vegetables and legumes
were significantly increased across the quartiles of the total MDS
(Po0.05), whereas dairy and meat intakes were significantly decreased
in subjects across the quartiles of the MDS (Po0.001). Participants in
the highest quartile of MDS had a lower intake of protein, total fat,
SFA and calcium than those in the lowest. In contrast, total energy
intake, carbohydrate, polyunsaturated fatty acids, potassium,

magnesium and total dietary fiber were all increased across the
quartiles of the MDS (Po0.001).
The association between MDS and risk of incident CKD is shown in

Table 4. In the multivariable-adjusted model, after adjustment for
potential confounding variables, including sex, age, smoking status,
physical activity, total calorie intake, BMI, diabetes and hypertension,
subjects in the highest quartile had a 51% lower risk of CKD compared
with those in the lowest quartile of the MDS (OR= 0.49; 95% CI,
0.30–0.82). After further adjustment for baseline eGFR, the inverse

Table 2 Baseline lifestyle and clinical characteristics of subjects according to quartiles of Mediterranean diet score: Tehran Lipid and Glucose

study

Q1 (n= 418) Q2 (n=323) Q3 (n=263) Q4 (n=204) P-value

Age (years) 43.0 (9.1) 43.9 (9.4) 43.3 (9.4) 43.7 (9.7) 0.66

Male (%) 50.0 53.0 47.8 51.5 0.59

Body mass index (kg m−2) 27.9 (4.5) 27.9 (4.4) 28.0 (4.6) 27.7 (4.3) 0.91

Current smoking (%) 16.0 15.8 13.8 10.9 0.34

Physical activity (MET-hours per week) 82.5 (49.8) 78.4 (41.1) 79.3 (50.0) 84.0 (41.0) 0.13

Fasting blood glucose (mg dl−1) 90.5 (19.2) 92.6 (20.0) 93.4 (22.2) 95.5 (27.4) 0.05

Diabetes (%) 13.0 18.1 17.6 18.4 0.07

Blood glucose-lowering drugs (%) 2.4 4.3 4.2 3.9 0.45

Systolic blood pressure 110.6 (16.0) 113.1 (15.4) 113.1 (15.5) 114.2 (16.9) 0.03

Diastolic blood pressure 73.9 (9.3) 75.2 (11.1) 75.0 (10.1) 75.1 (10.9) 0.26

Angiotensin-converting-enzyme inhibitor (%) 0.7 1.2 1.9 1.5 0.57

Antihypertensive drugs (%) 1.8 2.8 3.8 1.5 0.25

Hypertension (%) 18.8 24.0 23.0 24.2 0.22

High-density lipoprotein-cholesterol (mg dl−1) 41.6 (10.2) 40.9 (9.4) 42.0 (11.0) 42.1 (10.0) 0.50

Low-density lipoprotein-cholesterol (mg dl−1) 119.3 (32.2) 121.1 (30.3) 119.2 (29.4) 120.6 (36.8) 0.84

Triglycerides (mg dl−1) 153.8 (97.5) 158.3 (91.5) 148.6 (88.0) 158.0 (91.7) 0.56

Lipid-lowering drugs (%) 3.0 2.2 5.0 3.0 0.25

eGFR (ml min−11.73 m−2) 73.2 (8.2) 73.1 (7.9) 74.1 (8.9) 74.6 (8.2) 0.14

Abbreviations: eGFR, estimated glomerular filtration rate; MET, metabolic equivalent.
Data are presented as mean (s.d.) for continuous variables and percent for categorically distributed variables.

Table 3 Dietary intakes of participants according to quartiles of Mediterranean diet score: Tehran Lipid and Glucose study

Q1 (n= 418) Q2 (n=323) Q3 (n=263) Q4 (n=204) P-value

Vegetables (g per 1000 kcal) 115±65 128±75 150±94 146±69 o0.001

Fruit and nuts (g per 1000 kcal) 138±99 163±104 183±123 208±96 o0.001

MUFA/SFA (g per 1000 kcal) 0.95±0.23 1.09±0.28 1.16± 0.27 1.21±0.21 o0.001

Legumes (g per 1000 kcal) 4.6±5.6 6.7± 8.2 8.0±10.4 10.0 ±10.6 o0.001

Cereals (g per 1000 kcal) 183±70 197±74 193±74 193±65 0.040

Fish (g per 1000 kcal) 3.6±4.2 4.6±4.9 5.4±7.9 5.9±4.9 o0.001

Dairy (g per 1000 kcal) 276±147 214±126 199±122 158±90 o0.001

Meat (g per 1000 kcal) 25.2±18.0 23.4±13.0 20.2±16.0 18.5±12.0 o0.001

Total energy intake (kcal) 1980±655 2148±670 2435±708 2537±641 o0.001

Protein (% of energy) 14.1±2.5 13.6±2.0 13.5±2.2 13.0±2.1 o0.001

Carbohydrate (% of energy) 55.8±6.8 58.1±6.5 59.0±6.6 60.0±6.6 o0.001

Fat (% of energy) 32.2±6.7 31.0±6.9 30.5±6.9 30.0±6.4 o0.001

Saturated fat (% of energy) 12.0±2.9 10.3±2.6 9.9±2.5 8.9±2.0 o0.001

Monounsaturated fat (% of energy) 10.5±2.7 10.7±2.8 11.0±2.9 11.0±2.9 0.076

Polyunsaturated fat (% of energy) 6.0±2.1 6.5±2.1 6.9±2.4 7.2±2.7 o0.001

Calcium (mg per 1000 kcal) 590±183 542±162 536±191 503±150 o0.001

Magnesium (mg per 1000 kcal) 161±32 169±34 172±35 181±35 o0.001

Potassium (mg per 1000 kcal) 1636±403 1658±423 1718±502 1744±404 o0.001

Total dietary fiber (g per 1000 kcal) 15.0±6.0 17.2±7.0 18.3±7.5 18.7±6.0 o0.001

Abbreviations: MUFA, monounsaturated fatty acid; SFA, saturated fatty acid.
Data are presented as mean (s.d.).
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association between high MDS and 6-year incidence of CKD remained
significant (OR= 0.53; 95% CI, 0.31–0.91). Furthermore, every 1-point
increase in the MDS was associated with an 11% reduced risk of incident
CKD at follow-up ((OR= 0.89; 95% CI, 0.80–1.00), P=0.05).

DISCUSSION

In the current prospective cohort study with a median follow-up of 6
years, we found that a greater adherence to the Mediterranean dietary
pattern was associated with a 50% lower risk of incident CKD,
independent of BMI, diabetes and hypertension, among an urban
population of Tehran. In addition, the association between the MDS
and the risk of CKD remained significant after controlling for the
effect of baseline eGFR.
Similar to the above findings, Huang et al.19 indicated that subjects in

the highest quartile of the Mediterranean dietary pattern had a 42%
decreased risk of CKD; although, in contrast to ours, their study was
conducted among elderly men and the effect of baseline eGFR was not
adjusted Their results were in agreement with those of a cohort study
that also reported on the protective role of the Mediterranean diet
on the reduction of incident CKD in an elderly population.15 Some
epidemiologic studies, however, show inconsistent findings regarding the
effects of the Mediterranean dietary pattern on kidney function markers,
including serum urea and creatinine levels and albuminuria.16–18 The
Leontio Lyceum Albuminuria (3L study), a study of Greek adolescents,
documented the beneficial effects of a higher adherence to the
Mediterranean diet by showing that it was a protective factor against
increased levels of urinary albumin excretion.17 Additionally, the
ATTICA study indicated a reduction in serum levels of urea and
creatinine and an increase in creatinine-clearance rates as markers of
kidney function in healthy individuals with a higher adherence to
the Mediterranean diet.16 However, in a controlled clinical trial study
with 1-year dietary intervention, Díaz-López et al.18 found no beneficial
effects of the Mediterranean diet on kidney function, explained by a
limitation, that is, the length of intervention was not enough to detect
protective effects of dietary patterns.18

The dietary intakes of subjects across the quartiles of the MDS
suggest that a higher adherence to the MDS is accompanied with
healthier and favorable food patterns that are rich in potassium,
magnesium, vitamins, dietary fiber, omega-3 fatty acids and antioxidant
compounds. However, subjects in the lower quartiles of the MDS had a
dietary pattern similar to the Western pattern, which is rich in red and
processed meat, animal fat, sweets and desserts and poor in fruits,
vegetables, legumes and fiber,27 leading to an increase in sodium and

animal protein intake, and high net endogenous acid production and
heightening the workload for the kidneys.28 The Western-style diet is
also positively related to inflammatory factors, such as C-reactive
protein, interleukin-6, increased levels of urine albumin excretion and a
decline in GFR.28,29 Therefore, the beneficial effect of the MDS on
CKD may be due to its relatively unknown but inherent dietary factors.
Some components of the MDS, including fruits, vegetables and

nuts, which are rich in antioxidant compounds (including vitamins
(vitamins C and E, α-tocopherol, β-carotene), selenium and poly-
phenols) may explain the positive effects of the MDS, as they are
believed to have potential roles in preventing or improving cardio-
vascular risk factors and promoting health status.30 Additionally, a
high consumption of animal protein damages kidney function;27

adherence to the Mediterranean diet, a low animal protein diet, that
is, a moderate intake of dairy and red meat and a high intake of some
micronutrients (including vitamins C, E, cobalamin, folate, magne-
sium and potassium), prevents the reduction of GFR, renal failure and
promote kidney function.16,31,32 People with great adherence to the
Mediterranean diet have a higher intake of fish. It has been reported
that the omega-3 fatty acid content of fish and a high MUFA/SFA ratio
improve plasma lipid profiles, insulin resistance, endothelial function,
and reduce blood pressure, creatinine-clearance rate and inflammatory
markers.33–35 Plant-derived foods (fruit, vegetables, legumes and
whole-grains) are Mediterranean diet components with a high fiber
content, low glycemic index and load; strong evidence supports the
protective effects of these foods against potential CKD risk factors,
such as obesity, diabetes and cardiovascular disease.36,37 Additionally,
fiber-rich components of the Mediterranean diet, which induce satiety
and reduce energy intake, prevent or control CKD risk factors,
including obesity and diabetes.38 Finally, sodium intake, an important
factor in decreasing GFR, creatinine-clearance rate and raising blood
pressure,39 was reported to be lower in individuals with a higher
adherence to the Mediterranean diet.40

The Mediterranean diet and its components, which are rich in
antioxidant foods and nutrients (vitamins, minerals, fibers, omega-3
fatty acids and phytochemicals), may prevent CKD and its potential
risk factors, such as hypertension, diabetes and obesity, through the
improvement of lipid profiles, HbA1c, plasma glucose, blood pressure,
insulin sensitivity, endothelial function, inflammatory biomarkers
(CRP, interleukin-6, interleukin-18 and tumor necrosis factor-α)
and oxidative stress.41–46 Additionally, due to its low content of salt,
animal protein, phosphate and acid load, this diet can decrease the
workload of nephrons and improve endothelial function.19,43

Table 4 Multivariable-adjusted ORs (95% CIs) for incidence of chronic kidney disease according to quartiles of the Mediterranean diet score

MDS Total/cases Model 1 Model 2 Model 3 Model 4

Per 1-point increment 0.90 (0.81–0.99) 0.87 (0.78–0.97) 0.87 (0.78–0.97) 0.89 (0.80–1.00)

Quartiles
Q1 418/89 1.00 1.00 1.00 1.00

Q2 323/67 0.98 (0.68–1.40) 0.91 (0.63–1.32) 0.92 (0.63–1.34) 0.95 (0.64–1.40)

Q3 263/50 0.87 (0.59–1.29) 0.78 (0.51–1.17) 0.78 (0.52–1.19) 0.85 (0.55–1.32)

Q4 204/26 0.57 (0.35–0.91) 0.49 (0.29–0.80) 0.49 (0.30–0.82) 0.53 (0.31–0.91)

P for trend 0.020 0.006 0.008 0.030

Abbreviations: CIs, confidence intervals; MDS, Mediterranean diet score; ORs, odds ratios.
Model 1: Crude.
Model 2: Adjusted for sex, age, smoking status, physical activity and total calorie intake.
Model 3: Additionally adjusted for body mass index, diabetes and hypertension.
Model 4: Additionally adjusted for baseline estimated glomerular filtration rate.
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Some limitations of the current study should be noted. Although, it
has been recommended that creatinine should be measured three
times to enhance the accuracy, to detect CKD, we measured creatinine
only once, as is conducted in most epidemiologic studies. Additionally,
the findings of the current study are not applicable to Mediterranean
countries; however, these results can be generalized to non-
Mediterranean countries, such as those in the Middle East and North
Africa. Furthermore, despite adjusting for the confounding effects of
various variables in our analysis, residual confounding due to
unknown or unmeasured confounders, such as household income,
occupation status, albuminuria/proteinuria, fluid intakes, HBA1c and
fat free mass, cannot be excluded. Despite these limitations, to date,
this is the first population-based cohort study that examined the
association between the MDS and the incidence of CKD conducted in
the MENA region. Furthermore, its long duration of follow-up and
use of a valid and reliable food-frequency questionnaire and physical
activity questionnaire are other strengths of this study.
In conclusion, the present findings indicate that a higher adherence

to the Mediterranean dietary pattern is associated with a decreased risk
of CKD in non-Mediterranean countries, such as Iran, and may be a
useful strategy for the prevention of CKD. Further population-based
studies and randomized controlled trials with longer durations are
recommended to confirm these findings.
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