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Abstract
Background/objectives Type 2 diabetes (T2D) is fast increasing in recent decades. Limited prospective studies are available
on Mediterranean diet protective effect against T2D development. We assessed longitudinal association of the Mediterranean
diet with T2D risk in Iranian men and women.
Subjects/methods Diet was measured using a 168-item food frequency questionnaire in 2139 adults (free of T2D), aged 20
−70 years. All individuals, based on the traditional Mediterranean diet score (MDS), received scores between 0 and 8 points.
Multivariate hazard ratio (HR) and 95% confidence interval (CI) were reported for the association of T2D and the MDS, with
adjustment of diabetes risk score (DRS) and dietary energy intakes.
Results During follow-up, a total of 143 events occurred. Individuals who had higher intakes of fish/sea foods, legumes,
nuts, and monounsaturated fatty acids (MUFAs) to saturated fatty acids (SFAs) ratio had a decreased risk of T2D. After
adjustment for confounders, an inverse association was found between adherence to the MDS and T2D (HR= 0.48; 95% CI
0.27−0.83).
Conclusions Our findings demonstrated an inverse association between the Mediterranean diet score and incidence of T2D.

Introduction

Type 2 diabetes (T2D), as a public health problem, shows a
significant increase in recent decades, and is a main cause of
mortality worldwide [1]. On the other hand, by 2035, 592
million people will have T2D [2]. Studies indicated that
prevalence of T2D for Iranian population was 7.2−17.2%
in 2014 [3]. Based on the results of previous studies, both
dietary habits and physical activity level are related mainly
to preventing and managing diabetes [4, 5].

High-quality diets, which emphasizes on low dietary
intake of red meat and high intake of vegetables and fruit,
are related with a reduced risk of diabetes and cardiovas-
cular risk factor [6, 7]. The Mediterranean diet pattern
provides a balanced intake of fish, high amounts of
legumes, fruit, whole grains, vegetables, and olive oil, and
also low amounts of meat products [8–10]. This dietary
pattern has previously been shown to have a preventing
effect on diabetes risk [11–13]. Some studies however
failed to report a significant relation between MDS and risk
of T2D or insulin sensitivity [14, 15].

Limited studies are available on the association between
Mediterranean diet and T2D among Middle Eastern popu-
lations. Therefore, we prospectively evaluated the relation-
ship between adherence to the MDS, and the risk of T2D in
2139 Iranian adults.

Methods

Study design and subjects

The TLGS (Tehran Lipid and Glucose Study) is a cohort
study of 15,005 persons, aged ≥3 years, in a representative
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sample of district 13 of Tehran, the capital city of Iran, for
whom the baseline examination survey was conducted
every 3 years. The beginning of the TLGS was from 1999 to
2001, and to recognize new cases of diseases, examinations
have been performed every 3 years [16].

In the third phase (2006−2008) of the TLGS, from
12,523 subjects, aged ≥20 years, 4920 subjects were
selected using the multistage cluster random sampling
method. After excluding subjects who did not complete
dietary assessments (n= 1458), their ages were <20 or ≥70
years at baseline (n= 504), had diabetes at the beginning of
the study (n= 321), had unusual dietary energy intake (n=
284), or no information on biochemical, anthropometrics,
and physical activity measurements (n= 63), and
2256 subjects were followed up for a median of 5.8 years.
We also excluded subjects who had no follow-up (n= 117).
Finally, a total of 2139 participants (1168 women and 971
men) entered in the analysis.

This study protocol was approved by the ethics com-
mittee of Shahid Beheshti University of Medical Sciences.
Informed consent was obtained from participants.

Demographic and anthropometric measurements

Information on demographics of individuals was obtained
by a pretested questionnaire administered by trained inter-
viewers [16].

Baseline anthropometric measurements were ascertained
in all subjects. For weight measurement of participants, 100
g of sensitivity was used as a digital scale. The height of
each participant was measured without shoes, and 0.5-cm
sensitivity, using a tape meter. Waist circumference of the
subjects was measured using a soft tape meter with mini-
mum clothing, and 0.1-cm sensitivity, at the umbilicus. The
BMI of each subject was computed by the formula: weight
(kg) divided by height square (m2).

To evaluate the physical activity levels of participants, a
reliable and valid Modifiable Activity Questionnaire
(MAQ) was used [17]. Physical activity was expressed as
metabolic equivalent hours per week (METs min/wk), and
participants who had physical activity under 600 were
considered as having low physical activity.

After a 15-min rest while the participants were in a
seated position, blood pressure with an accuracy of 2 mm
Hg was measured two times using Korotkoff sound tech-
nique and a standardized mercury sphygmomanometer by a
trained nurse. We report the mean of the two measurements
as the individual’s blood pressure.

Laboratory measurements

After 12−14 h of overnight fasting, blood samples were
taken at the beginning of the study from all individuals. All

analyses were performed using Pars Azmoon kits (Tehran,
Iran). Serum glucose was measured using enzymatic col-
orimetric analysis method by glucose oxidase. High-density
lipoprotein cholesterol (HDL-C) was measured after apo-
lipoprotein β precipitated with phosphotungstic acid. The
standard 2-h plasma glucose test was performed for all
participants who were not on antidiabetic drugs. Enzymatic
colorimetric analysis with glycerol phosphate oxidase was
used for triglyceride (TG) measurement.

Dietary assessment and Mediterranean diet score

In the TLGS, frequency for all foods and beverage intakes
was obtained at baseline via a semiquantitative FFQ [18,
19]. To evaluate the reliability of nutrient and energy
intakes in the FFQ, a semiquantitative FFQ (FFQ1 and
FFQ2) was collected with a 14-month interval. The validity
of FFQ was evaluated using a 24-h dietary recall that was
gathered with a 12-month interval. Acceptable validity and
reliability were reported for FFQ [19]. Because of incom-
plete Iranian food composition table (FCT), calculation of
dietary intake of energy, micro-, and macronutrients was
performed using the US Department of Agriculture (USDA)
FCT.

Adherence to Mediterranean diet was assessed using
Trichopoulou et al.’s Mediterranean diet score [20], which
includes nine nutritional items; for religious reasons, alco-
hol was excluded from the final score. Therefore, in the
present study, we constructed an 8-point score, including
processed and red meat, vegetables, nuts, fruits, whole
grains, legumes, fish (serving/d), and the MUFAs to SFAs
ratio. The median consumption of each item was considered
as the cutoff; scores of 0 and 1 were reported for under and
above the median values of each of the items, which were
beneficial to health, including MUFAs to SFAs ratio, whole
grains, fruit, legumes, nuts, fish, and vegetables. Scores for
all eight items were hence summed up to calculate MDS
(range from 0 to 8).

Definition of outcomes and terms

T2D is a condition defined as occurring when at least one of
the following criteria exist: consumption of any antidiabetic
drugs, 2-h plasma glucose (2-h PG) ≥ 200 mg/dL, or fasting
plasma glucose (FPG) ≥ 126 mg/dL [21]. We estimated the
diabetes risk score (DRS) as follows: 5 points for having a
family history of diabetes; FPG concentrations divided into
<5, 5−5.5, and 5.6−6.9 mmol/L with 0, 12, and 33 points,
respectively; systolic blood pressure (SBP) divided into
three categories: <120, 120−140, and ≥140 mm Hg with 0,
3, and 7 points, respectively; waist to height ratio (WHtR)
divided into three categories: <0.54, 0.54−0.59, and ≥0.59
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with 0, 6, and 11 points, respectively; TG/HDL-C (≥3.5) (3
points), and TG/HDL-C (<3.5) (0 point) [22].

Statistical analysis

Statistical analyses were done using SPSS version 19, with
P values < 0.05 being considered statistically significant.

Baseline characteristics of the participants were com-
pared by using chi-square tests for categorical variables, or
independent t test for continuous variables. Categorization
of subjects was performed according to tertiles of MDS.
Mean ± SD of MDS in tertiles was 1.56 ± 0.62, 3.49 ± 0.50,
and 5.42 ± 0.62, respectively. Cox proportional hazards
regression model, with person-years as the underlying time
metric, MDS as an independent variable, and incidence of
T2D as a dependent variable was used to estimate HRs and
95% CIs. In the univariate analysis, variables with PE (P for
entry) < 0.2 were determined as potential confounding
variables for the multivariable models. We also evaluated
the proportional hazard assumption, using Schoenfeld’s
global test of residuals.

Results

Among 2139 adults (54.6% women) who completed the
study, the average MDS was 3.4 on a 0−8-point scale for
these individuals, and the incidence of T2D was 143 per-
sons (6.6%).

The results showed that subjects in the highest tertiles of
MDS at baseline had higher age, BMI and SBP, and a lower
family history of T2D, and also were less smokers (P <
0.05). No significant difference was reported for FBG,
diastolic blood pressure (DBP), and hypertension between
individuals in the highest and lowest tertiles of MDS (Table
1). Participants in the lowest tertiles of MDS had less
dietary intakes of total energy, MUFAs, polyunsaturated
fats, and protein (P < 0.05). In contrast, those in the highest
adherence had less consumptions of total fat and MUFAs
(P < 0.05). Individuals in the highest tertiles of MDS had
more consumption of nuts, fruits, fish, sea food, whole
grains, vegetables, legumes, and MUFAs to SFAs ratio (P
< 0.05) (Table 2).

Higher consumption of legumes, MUFAs to SFAs ratio,
fish/sea food, and nuts was inversely associated with T2D
risk; HRs (95% CI) for T2D risk among those who had the
highest adherence to these components of MDS were 0.56
(0.35−0.89), 0.41 (0.26−0.65), 0.55 (0.33−0.91), and 0.30
(0.18−0.50), respectively (Table 3). After adjustment for
confounding variables, higher adherence to the MDS was
associated with lower risk of T2D (HR= 0.48; 95% CI 0.27
−0.83) (Table 4).

Discussion

A healthy diet decreases the risk of chronic diseases; e.g.,
diabetes and cardiovascular complications [23]. In this

Table 1 Characteristics of
participants by tertiles of
alternate Mediterranean diet
scores: Tehran Lipid and
Glucose Study 2006−2008 to
2012−2014

Mediterranean diet scores (Mean ± SD) Tertiles 1
(n=607)
(1.56 ± 0.62)

Tertiles 2
(n=991)
(3.49 ± 0.50)

Tertiles 3
(n=541)
(5.42 ± 0.62)

P value

Age (y) 38.1 ± 12.4 39.7 ± 12.5 40.7 ± 12.9 0.001

Men (%) 49.2 48.8 53.2 0.001

Family history of T2D (%) 19.6 19.5 16.8 0.001

Current smoker (%) 17.6 11.5 7.7 0.001

Low physical activity (%) 42.9 63.2 36.1 0.001

Body mass index (kg/m2) 26.4 ± 4.7 27.2 ± 4.6 27.2 ± 4.9 0.001

Waist circumference (cm) 87.5 ± 12.9 90.6 ± 12.3 89.1 ± 13.5 0.001

Systolic blood pressure (mm Hg) 109 ± 15.3 111 ± 15.4 112 ± 17.8 0.01

Diastolic blood pressure (mm Hg) 72.6 ± 10.2 73.5 ± 10.7 73.2 ± 11.1 0.27

Fasting blood glucose (mmol/L) 4.8 ± 0.4 4.8 ± 0.4 4.7 ± 0.4 0.30

Triglycerides (mmol/L) 1.5 1.6 1.5 0.03

HDL-C (mmol/L) 1.10 ± 0.26 1.09 ± 0.26 1.13 ± 0.25 0.06

Hypertension (%) 17.1 20.8 14.6 0.98

Data are mean ± SD (unless stated otherwise)

Independent t test for continuous variables and chi-square test for dichotomous variables was used
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longitudinal cohort study, done among a Tehranian popu-
lation, we showed higher MDS related to decreasing the risk
of T2D.

Low physical activity as a risk factor for T2D was more
prevalent among individuals with the highest MDS. Pre-
vious studies showed an inverse longitudinal relation
between incidence of T2D and the MD [11–13, 24, 25]. In a
trial study among individuals with diagnosis of T2D,
compared to subjects with a low-fat diet, those with a low-
carbohydrate Mediterranean diet, had a higher decline in
HbA1C levels, and greater rate remission from diabetes
[26]. However, contrary to our findings, a cohort study after
6.6 years of follow-up found no association between
adherence to the MDS and risk of T2D [14]. The findings of
a parallel controlled-feeding trial study reported that
adherence to the MDS was not related with improvement in
HOMA-IR [15].

Food items included in the Mediterranean diet as a
healthy diet have a protective effect on T2D development
by different mechanisms, including increased insulin sen-
sitivity and decreased oxidative stress and inflammation
[27]. This dietary pattern has a higher intake of unrefined
cereals, fruits, legumes, vegetables, nuts, fish, and MUFA,
but lower intakes of meat and SFAs [8]. As seen in Table 2,
in the higher tertiles of Mediterranean diet scores, con-
sumption of SFAs and MUFAs is significantly lower and
higher, respectively. In our study, MUFAs to SFAs ratio
was inversely associated with T2D risk, results that support

previous findings indicating beneficial effects of high con-
sumption of MUFAs and low intake of SFAs on insulin
function and decrease the risk of T2D [28–32]. Similar to
our findings, studies showed a protective effect of dietary
intakes of fish [33], legumes [34, 35], and nuts [36] on
diabetes; however, in contrast to our reports in a prospective
cohort study, there was no association between nuts con-
sumption and incident T2D [37]. Benefits of fish and sea
food consumption in lowering the metabolic syndrome and
T2D risk through anti-inflammatory mechanisms have been
attributed to the omega-3 fatty acids [38, 39].

The Mediterranean diet has a reducing effect on some
inflammatory markers such as adiponectin and C-reactive
protein (CRP), and therefore, has important effects on the
development of T2D [40]. However, data show that a
dietary pattern with high intakes of fish, vegetables, and
fruit, significantly decreased CRP [21]. Another possible
mechanism for reducing the effect of Mediterranean diet on
diabetes is for high content of antioxidants that have redu-
cing effects on the stress of beta cell-impaired function and
insulin resistance [14]. Because of the adverse effect of
energy-dense foods on metabolic disorders and obesity, this
dietary pattern has a protective effect on obesity, as a dia-
betes risk factor, by lower intake of energy due to high
consumption of low energy density (fruit and vegetables)
[41–43].

Of the strengths of this study, the current study has a
long period of the follow-up. Of course, some limitations in

Table 2 Dietary intakes of
participants by tertiles of
alternate Mediterranean diet
scores: Tehran Lipid and
Glucose Study 2006−2008 to
2012−2014

Mediterranean diet scores (Mean ± SD) Tertiles 1
(n=607)
(1.56 ± 0.62)

Tertiles 2
(n=991)
(3.49 ± 0.50)

Tertiles 3
(n=541)
(5.42 ± 0.62)

P value

Total energy intake (kcal/d) 1975 ± 649 2304 ± 694 2546 ± 685 0.001

Protein (% of energy) 14.1 ± 2.4 13.6 ± 2.3 13.5 ± 2.4 0.001

Carbohydrate (% of energy) 57.5 ± 7.2 57.7 ± 7.1 57.7 ± 7.1 0.857

Fat (% of energy) 32.1 ± 6.6 31.3 ± 7.1 30.4 ± 7.0 0.001

Saturated fat (% of energy) 11.1 ± 3.4 10.3 ± 2.8 9.8 ± 2.4 0.001

Monounsaturated fat (% of energy) 10.2 ± 2.6 10.8 ± 2.8 11.4 ± 2.7 0.001

Polyunsaturated fat (% of energy) 5.8 ± 1.9 6.6 ± 2.3 7.1 ± 2.2 0.001

Total dietary fiber (g/d) 31.1 ± 21.4 38.1 ± 19.9 43.7 ± 18.4 0.001

Vegetables (serving/d) 1.7 ± 1.1 2.6 ± 1.5 3.8 ± 1.9 0.001

Fruits (serving/d) 2.1 ± 1.6 3.5 ± 2.7 5.1 ± 3.1 0.001

Whole grains (serving/d) 0.05 ± 0.2 0.07 ± 0.5 0.13 ± 0.34 0.001

Legumes (serving/d) 0.08 ± 0.09 0.15 ± 0.15 0.2 ± 0.2 0.001

Nuts (serving/d) 1.38 ± 0.9 2.2 ± 1.5 2.9 ± 1.5 0.001

Fish/sea food (serving/d) 0.05 ± 0.07 0.08 ± 0.18 0.11 ± 0.44 0.001

Red and processed meats (serving/d) 0.38 ± 0.32 0.39 ± 0.36 0.38 ± 0.38 0.125

Monounsaturated to saturated fats ratio 0.96 ± 0.23 1.09 ± 0.26 1.18 ± 0.23 0.001

Data are mean ± SD

Analysis of variance was used
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our study need to be mentioned. First, in our study, during
the follow-up, we observed a low incidence of T2D because
of the young age of the individuals. Second, there was a
lack of information on some confounder variables, such as
income and occupation status of participants.

In conclusion, our findings demonstrate that higher
adherence to the Mediterranean diet can be useful for pre-
vention of T2D.
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Table 3 Hazard ratios (95%) for
the risk of T2D, according to
tertiles of components of
Mediterranean diet score after 6
years of follow-up: Tehran Lipid
and Glucose Study 2006−2008
to 2012−2014

Mediterranean diet scores (Mean ± SD) Tertiles 1
(n=607)
(1.56 ± 0.62)

Tertiles 2
(n=991)
(3.49 ± 0.50)

Tertiles 3
(n=541)
(5.42±0.62)

Vegetables

Crude 1 0.76 (0.50−1.14) 0.96 (0.65−1.41)

Adjusted modela 1 0.75 (0.48−1.17) 0.89 (0.57–1.39)

Fruits

Crude 1 0.97 (0.66−1.42) 0.71 (0.47−1.08)

Adjusted modela 1 1.14 (0.74−1.75) 0.75 (0.46−1.22)

Whole grains

Crude 1 0.66 (0.44−0.99) 0.81 (0.55−1.19)

Adjusted modela 1 0.64 (0.41−1.01) 0.93 (0.62−1.41)

Legumes

Crude 1 0.65 (0.44−0.96) 0.56 (0.37−0.84)

Adjusted modela 1 0.65 (0.43−0.99) 0.56 (0.35−0.89)

Nuts

Crude 1 0.49 (0.33−0.72) 0.35 (0.23−0.54)

Adjusted modela 1 0.41 (0.27−0.63) 0.30 (0.18−0.50)

Fish/sea food

Crude 1 0.87 (0.60−1.27) 0.48 (0.31−0.75)

Adjusted modela 1 0.98 (0.65−1.48) 0.55 (0.33−0.91)

Red and processed meats

Crude 1 1.20 (0.80−1.80) 1.14 (0.76−1.72)

Adjusted modela 1 1.28 (0.84−1.94) 1.14 (0.73−1.79)

MUFA to SFA ratio

Crude 1 0.70 (0.48−1.03) 0.53 (0.35−0.80)

Adjusted modela 1 0.59 (0.39−0.89) 0.41 (0.26−0.65)

Results obtained from Cox proportional hazard regression
aAdjusted for diabetes risk score; The diabetes risk score (DRS) was calculated as follows: SBP (mm Hg) <
120 (0 point), 120 < SBP < 140 (3 points), and SBP ≥ 140 (7 points); family history of diabetes (5 points);
waist to height ratio (WHtR): <0.54 (0 point), 0.54−0.59 (6 points), and ≥0.59 (11 points); TG/HDL-C: <3.5
(0 point), ≥3.5 (3 points); FSG (mmol/L): <5 (0 point), 5−5.5 (12 points), and 5.6−6.9 (33 points)

Table 4 Hazard ratios (95%) for the risk of T2D, according to tertiles of Mediterranean diet after 6 years of follow-up: Tehran Lipid and Glucose
Study 2006−2008 to 2012−2014

Mediterranean diet scores (Mean ± SD) Tertiles 1
(n=607)
(1.56 ± 0.62)

Tertiles 2
(n=991)
(3.49 ± 0.50)

Tertiles 3
(n=541)
(5.42 ± 0.62)

Mediterranean diet

Crude 1 0.70 (0.49−1.01) 0.54 (0.53−0.85)

Adjusted modela 1 0.64 (0.43–0.49) 0.48 (0.27–0.83)

Results obtained from Cox proportional hazard regression
aAdjusted for diabetes risk score; The diabetes risk score (DRS) was calculated as follows: SBP (mm Hg) < 120 (0 point), 120 < SBP < 140 (3
points), and SBP ≥ 140 (7 points); family history of diabetes (5 points); waist to height ratio (WHtR): <0.54 (0 point), 0.54−0.59 (6 points), and
≥0.59 (11 points); TG/HDL-C: <3.5 (0 point), ≥3.5 (3 points); FSG (mmol/L): <5 (0 point), 5−5.5 (12 points), and 5.6−6.9 (33 points)
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