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Background and Objectives: The aim of this study was to investigate the relationship between major dietary
patterns and the risk of insulin resistance (IR) among an urban Iranian population. Methods and Study design:
In this longitudinal study, 802 adult men and women were studied within the framework of Tehran Lipid and
Glucose Study. Fasting serum insulin and glucose were measured at baseline and again after a 3-year of followup. The usual dietary intakes were assessed using a validated 168 item semi-quantitative food frequency questionnaire and major dietary patterns were obtained using principal component analysis. Logistic regression models were used to estimate the occurrence of IR across tertiles of dietary patterns with adjustment for potential confounding variables. Results: Mean age of participants was 39.0±11.2 years and 45.5% were men. Three major dietary patterns including the Western, traditional and healthy were extracted, which explained 25.3% of total variance in food intake. The healthy dietary pattern, loaded heavily on intake of vegetable oils, fresh and dried fruits,
low-fat dairy, nuts and seeds, was accompanied with a reduced risk of insulin resistance by 51% (OR=0.49, 95%
CI=0.30-0.81), and 81% (OR=0.19, 95% CI=0.10-0.36), in the second and third tertile, respectively (p
trend=0.001). In the presence of all dietary pattern scores in the logistic regression model, a 45% reduced risk of
IR was observed per 1 unit increase in healthy dietary pattern score. Conclusion: These findings confirmed the
protective effect of a plant-based, low-fat dietary pattern against the development of insulin resistance as a main
risk factor of type 2 diabetes and metabolic disorders.

Key Words: insulin, insulin resistance, type 2 diabetes, dietary pattern, principal component analysis

INTRODUCTION
Insulin resistance, defined as the inability of insulin to
optimally stimulate transport of glucose into the peripheral tissues, especially the skeletal muscle and adipose tissues, is considered as the main important contributor in
the pathogenesis of metabolic syndrome, type 2diabetes
and cardiovascular disease.1,2
There has been growing interest regarding the association of dietary factors and development of metabolic disorders, especially type 2 diabetes and insulin resistance.3
Some studies have tried to indicate the role of different
dietary factors in the development of insulin resistance.4-8
Several Western investigations have focused on Western
and prudent/healthy dietary patterns associated with risk
of diabetes, metabolic disorders and cardiovascular disease;9-11 however there is limited evidence in relation to

dietary patterns and insulin homeostasis especially among
Asian populations. The Western dietary pattern with
higher load of meats, refined grains, snacks and fast food
products has been found to be a main contributor of metabolic disorders while a systematic review and metaanalysis of epidemiological studies and clinical trials conCorresponding Author: Dr Parvin Mirmiran, Nutrition and
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firmed that adherence to some traditional dietary patterns,
such as the Mediterranean diet, are associated with reduced risk of metabolic syndrome.12,13
Despite rapid transition of traditional to Western dietary patterns among Asians, different dietary cultures lead
to substantial differences between dietary patterns among
Asian and Western populations, and consequently, inconsistent associations with metabolic risk factors, making it
difficult to compare studies and generalize findings to all
populations. On the other hand, there is a potential interaction between social, demographics and genetic determinants and dietary patterns which should be considered
in relation to insulin resistance and related metabolic disorders.14
Current studies which have investigated the association
of dietary patterns with insulin resistance mostly had a
cross-sectional settings and this controversial issue has
not yet been investigated in the framework of a prospective longitudinal examination; such a setting could probably help to better justify and provide causality regarding
the association between dietary pattern and insulin homeostasis. To address this gap and clarify the incidence of
insulin resistance in exposure to different dietary patterns
among Iranian population, we conducted this study an
adult men and women participants of the TLGS study
during a 3-year follow-up.
MATERIALS AND METHODS
Study population
This study was conducted within the framework of the
Tehran Lipid and Glucose Study (TLGS), an ongoing
community-based prospective study being conducted to
investigate and prevent non-communicable diseases, in a
representative sample in the district 13 of Tehran, the
capital city of Iran.15 This study was conducted in adult
men and women with complete data on demographics,
anthropometrics, biochemical and dietary measurements,
who participated in the third (2006-2008) and fourth
(2009-2011) TLGS examinations. Participants with diagnosed type 2 diabetes at baseline examination, subjects
who had implausible energy intakes (<800 kcal/d or
≥4200 kcal/d) or were on specific diets, or had no followup information on anthropometrics and biochemical
measurements at the follow-up examination, were excluded from the study. Finally, after exclusion of IR+ participants (HOMA-IR ≥3.2) at baseline, data of 802 participants was included in the final analysis. The mean duration of the follow-up was approximately 3 years.
Written informed consent was obtained from all participants and the study protocol was approved by the Ethics
Research Council of the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences.
Demographic, anthropometric and blood pressure
measures
Demographics, anthropometrics, and biochemical
measures were evaluated at baseline and after 3-years of
follow-up. Trained interviewers collected information
using pretested questionnaires. Smoking status data was
obtained during face-to-face interviews. Physical activity
level was assessed using the Kriska et al16 questionnaire

to obtain frequency and time spent on light, moderate,
high and very high intensity activities according to a list
of common daily life activities over the past year. Physical activity levels were expressed as metabolic equivalent
hours per week (METs h/wk).
Weight was measured to the nearest 100 g using digital
scales, while the subjects were minimally clothed, without shoes. Height was measured to the nearest 0.5 cm, in
a standing position without shoes, using a tape measure.
Body mass index was calculated as weight (kg) divided
by square of the height (m2). Waist circumference (WC)
was measured to the nearest 0.1 cm (at anatomical landmarks), at the widest portion, over light clothing, using a
soft, tape measure, without any pressure to the body.
Blood pressure was measured by a trained physician;
briefly, after 15 minutes rest, in a sitting position, blood
pressure was measured twice on the right arm, using a
standard mercury sphygmomanometer with at least a 30
seconds interval. Subject's blood pressure was estimated
based on average of the two measurements.
Biochemical measures
Fasting blood samples were taken after 12-14 h, from all
study participants at baseline and after 3-years of followup. Fasting serum insulin (FSI) was determined by the
electro chemiluminescence immunoasaay (ECLIA), using
Roche Diagnostics kits and the Roche/Hitachi Cobas e411 analyzer (GmbH, Mannheim, Germany). The intraand inter-assay coefficients of variation for insulin were
1.2 and 3.5 %, respectively. Fasting serum glucose (FSG)
was measured by the enzymatic colorimetric method using glucose oxidase. Inter- and intra-assay coefficient of
variation of glucose assays was <5%. Enzymatic colorimetric analysis with glycerol phosphate oxidase was used
to measure triglyceride (TG) levels. High-density lipoprotein cholesterol (HDL-C) was measured after precipitation of apolipoprotein B containing lipoproteins with
phosphotungstic acid. Analyses were performed using
Pars Azmoon kits (Pars Azmoon Inc., Tehran, Iran) and a
Selectra 2 auto-analyzer (Vital Scientific, Spankeren,
Netherlands). Inter- and intra-assay coefficients of variation of all assays were <5%.
Definition of terms
Homeostatic model assessment of insulin resistance, βcell function and insulin sensitivity were defined as follows:
HOMA-IR=fasting insulin (μU/mL)×fasting glucose
(mmol/L)/22.5
HOMA-B=20×fasting insulin (μU/mL)/fasting glucose
(mmol/L)-3.5
HOMA-S=1/HOMA-IR×100
These indexes have been developed as simple, inexpensive, and validated alternative tools for assessment of
insulin resistance in epidemiological studies.17,18
In the present study, hyperinsulinemia was defined as
fasting serum insulin ≥11.13 and 9.16 μU/mL in women
and men, respectively.19 Insulin resistance was also defined as HOMA-IR ≥3.2.20
Dietary assessment
A 168-item food frequency questionnaire (FFQ) was used
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at first examination to assess typical food intake over the
previous year. The validity and reliability of the FFQ
were previously assessed in a random sample, by comparing the data from two FFQs, completed 1 y apart and
comparing the data from the FFQs and 12 dietary recalls,
respectively. The validity and reliability of the FFQ for
total dietary fat were acceptable; the correlation coefficients between the FFQ and multiple 24 recalls were 0.59
and 0.38 and those between the two FFQs were 0.43 and
0.42 in male and female subjects, respectively.21 Study of
reliability, comparative validity and stability of dietary
patterns derived from the FFQ also showed that there was
a reasonable reliability and validity of the dietary patterns
among the population over time.11 Trained dietitians
asked participants to designate their intake frequency for
each food item consumed during the past year on a daily,
weekly, or monthly basis. Portion sizes of consumed
foods reported in household measures were then converted to grams. Energy and nutrient content of foods and
beverages were analyzed using the US Department of
Agriculture Food Composition Table (FCT) because the
Iranian FCT is incomplete, and has limited data on nutrient content of raw foods and beverages.22 Finally, dietary
intakes of participants, including dietary energy and energy density, macronutrients, micronutrients, and food
groups were determined. Twenty-two separate food
groups were defined for factor analysis, according to nutrient profiles and data available.
Statistical methods
After adjustment of food groups for total energy intake
using residual methods, principal component analysis
(PCA) with varimax rotation based on 22 food groups
was used to determine major dietary patterns. Considering eigenvalues >1, the scree plot and the interpretability
of the factors, 3 factors were obtained. Food groups with
an absolute component loading ≥0.30 were selected to
describe the dietary pattern although all food items contributed to the calculation of dietary pattern score. The
Kaiser-Mayer-Olkin statistic, considered as measure of
sampling adequacy, was 0.74, which indicating a good
appropriateness of factor analysis. The dietary patterns
derived were defined according to our interpretation of
the data and of the data available. Factor scores of the
participants were calculated using sum of multiplying the
intake of the standardized food groups by their respective
factor loadings on each pattern. Dietary pattern scores
were categorized into tertiles.
Demographics, anthropometrics and biochemical values of the participants with and without insulin resistance
were compared by independent sample t-test for continuous variables or chi square test for dichotomous variables.
A univariate analysis was performed for each potential
confounding variable including age (y), sex (men/women),
smoking (yes/no),BMI (kg/m2), using of medications
(yes/no), physical activity (MET-h/week), total energy
intakes (kcal/d), dietary intakes of total fats (% of energy),
carbohydrates (% of energy), and protein (% of energy);
variables with pE<0.2 in the univariate analysis were selected for the multivariable models; pE (p value for entry)
determines which variables should be included in the final multivariable model. To clarify the association of die-
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tary pattern scores and the occurrence of insulin resistance after 3 years, logistic regression models were
used with adjustment of potential confounders. The first
quartile of dietary patterns score was considered a reference in all multivariate models. Test of trend across tertiles of dietary pattern scores was conducted in logistic
regression models using the median value of each respective tertile as a continuous variable in the models.
To assess potential interaction effect of dietary patterns
scores on risk of IR, tertiles of each pattern score (low,
middle and high) were cross-tabulated into a nine level
categorical variable and the ORs were calculated across
the categories in the multivariate model with adjustment
of all potential confounding variables (‘low-low’ category
was considered as the reference in the analysis). We also
calculated the risk of IR per 1 unit change score for each
pattern in the presence of all patterns score in the fully
adjusted regression model.
All statistical analysis were conducted using SPSS
(Version 16.0; Chicago, IL), and p values <0.05 were
considered significant.
RESULTS
Mean age of participants was 39.0±11.2 years and 45.5%
were men. Mean FSI and HOMA-IR was 8.9±5.0 μU/mL
and 1.93±1.22 at baseline, respectively. Baseline characteristics of the participants with and without insulin resistance are presented in Table 1. Overall, participants
who developed insulin resistance during the follow up,
also had lower physical activity as well as higher BMI,
waist circumference, systolic and diastolic blood pressure,
FSI, FSG, TG at baseline. A higher prevalence of hyperglycemia, and a higher HOMA-IR and HOMA-B value
along with a lower HOMA-S value was observed at baseline in subjects with development of insulin resistance. At
baseline, there was no significant difference in total calories, carbohydrates, total fats and protein intakes between
the participants but the healthy dietary score was significantly higher in healthy, compared with insulin resistant
subjects.
According to factor analysis, 3 major dietary patterns
including the Western, traditional and healthy were extracted, which overall explained 25.3% of total variance
in food intake (Table 2). The Western dietary pattern was
characterized by higher intakes of fast foods, salty snacks,
mayonnaises, soft drinks, and confectioneries, while refined grains, potato, eggs, fish and poultry, legumes, hydrogenated fats, confectioneries, red meats, tea and coffee
constituted the traditional dietary pattern. The healthy
dietary pattern was loaded heavily on intakes of vegetable
oils, fresh and dried fruits, low-fat dairy, nuts and seeds.
Logistic regression analysis showed no statistically
significant association between Western and traditional
dietary patterns with the development of insulin resistance after 3 years (Table 3).
In both the crude model and the age-, sex- and BMIadjusted model, a higher score of healthy dietary pattern
was associated with a reduced risk of insulin resistance.
After additional adjustment of physical activity, smoking
and medications, the highest compared with the lowest
tertile of healthy dietary pattern score was accompanied
with a substantially reduced risk of insulin resistance
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Table 1. Baseline characteristics of the participants

Age at baseline (y)
Men (%)
Smoking (%)
Physical activity (MET-h/week)
Body mass index (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Serum triglycerides (mg/dL)
HDL-C (mg/dL)
Fasting serum insulin (mg/dL)
Fasting serum glucose (mg/dL)
HOMA-IR
HOMA-B
HOMA-S
Hyperglycemia (%)
Hyperinsulinemia (%)
Dietary pattern scores
Western
Traditional
Healthy
Energy intakes (Kcal)
Carbohydrates (% of energy)
Total fats (% of energy)
Protein (% of energy)

Insulin resistance (n=802)
+
38.8±11.3
39.7±11.2
45.5
50.4
10.1
6.3
37.5±2.2
28.4±3.2
26.2±4.5
29.9±5.1
87.3±12.6
97.2±12.3
108±14.9
113±14.1
72.1±10.3
76.6±9.7
124±71
181±96
42.9±9.5
38.1±9.5
7.7±3.5
14.5±6.9
85.2±7.9
91.3±10.3
1.64±0.83
3.31±1.77
136±72
207±122
78.1±45.1
37.9±21.8
5.9
19.7
24.7
27.0
-0.03±0.95
0.03±0.99
0.02±0.97
2260±700
57.6±7.1
31.4±6.9
13.5±2.4

0.07±1.1
0.09±1.0
-0.30±1.0
2353±798
58.8±7.8
30.3±7.8
13.4±2.1

p value
0.39
0.22
0.24
0.023
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.31
0.28
0.53
0.001
0.17
0.06
0.09
0.69

Data are mean±SD.

Table 2. Component loadings for major dietary patterns

Refined grains
Fast foods
Potato
Salty snacks
Mayonnaise
Soft drinks
Eggs
Vegetables
Whole grains
Fruits (fresh and dried)
White meats (fish and poultry)
High-fat dairy
Low-fat dairy
Jams and compotes
Vegetable oils
Hydrogenated oils
Confectioneries
Red meats
Organ meats
Tea and coffee
Nuts and seeds
Legumes
Variance (%)†

Dietary patterns
Traditional
0.39
0.57
0.45
0.25
0.24
0.30
0.34
0.35
0.45
0.40
0.50
6.7

Western
0.57
0.59
0.51
0.64
-0.28
0.28
0.26
0.33
0.23
12.6

Healthy
-0.24
0.21
0.53
0.63
0.23
0.27
0.45
0.45
0.53
0.22
5.9

Values are factor loadings of food patterns measured by factor analysis (n=802).
Absolute value <±0.2 are excluded from the from for simplicity.
†
Eigenvalues >1.

(OR=0.34, 95% CI= 0.19-0.58, p for trend= 0.004). In the
final model, additional adjustment for total calorie, dietary intakes of carbohydrates, fats and protein, the risk of

insulin resistance was reduced by 51% (OR=0.49, 95%
CI= 0.30-0.81), and 81% (OR=0.19, 95% CI= 0.10-0.36),
in the second and third tertiles, respectively (p for
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Table 3. The odds ratio (95% CI) of insulin resistance across tertile categories of dietary patterns
Dietary patterns
Western
Crude model
Model 1
Model 2
Model 3
Traditional
Crude model
Model 1
Model 2
Model 3
Healthy
Crude model
Model 1
Model 2
Model 3

T1

T2

T3

p for trend

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

1.23 (0.78-1.96)
1.19 (0.72-1.95)
1.20 (0.72-1.98)
1.30 (0.76-2.17)

1.33 (0.84-2.11)
1.42 (0.86-2.35)
1.44 (0.86-2.39)
1.58 (0.89-2.73)

0.73
0.88
0.89
0.93

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

1.21 (0.77-1.91)
1.19 (0.75-1.87)
1.13 (0.62-1.85)
1.07 (0.64-1.78)

1.03 (0.65-1.63)
1.00 (0.63-1.60)
1.07 (0.69-1.87)
0.90 (0.45-1.65)

0.14
0.11
0.11
0.13

1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

0.71 (0.46-1.08)
0.63 (0.39-1.00)
0.65 (0.40-1.03)
0.49 (0.30-0.81)

0.44 (0.27-0.72)
0.34 (0.20-0.58)
0.34 (0.19-0.58)
0.19 (0.10-0.36)

0.004
0.009
0.004
0.001

Logistic regression models were used. Model 1: adjusted for age (years), sex (men/women), body mass index (kg/m 2); Model 2:
additional adjustment for physical activity (MET-h/week), smoking (yes/no), and using of medications (yes/no); Model 3: additional
adjustment for total energy intakes (kcal/d), dietary intakes of total fats (% of energy), carbohydrates (% of energy), and protein (% of
energy).

OR of Insulin resistance
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1
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Figure 1. Tertiles of Western dietary scores. a) Odds ratios (ORs) of combined classification of healthy and Western dietary pattern scores
for the incidence of insulin resistance; b) ORs of combined classification of healthy and traditional dietary pattern scores for the incidence
of insulin resistance (logistic regression models were used with adjustment of age (years), sex (men/women), body mass index (kg/m2),
physical activity (MET-h/week), smoking (yes/no), using of medications (yes/no), total energy intakes (kcal/d), dietary intakes of total
fats (% of energy), carbohydrates (% of energy), and protein (% of energy).

trend= 0.001).
To assess potential interaction effect of dietary pattern
scores in the development of IR, categories of healthy and
the Western or traditional dietary patterns were simultaneously interred in the logistic regression models in the
presence of all the potential risk factors for IR (Figure1).

The lowest healthy pattern score along with the highest
Western pattern score was accompanied with considerably increased in the risk of IR (OR=2.43, 95% CI=1.055.63); in contrast, highest compared with the lowest
healthy pattern score in combination with the lowest
score of Western pattern reduced the risk of IR (OR=0.3,
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95% CI=0.11-0.83).Highest compared with the lowest
category of healthy pattern score in combination with the
three categories of traditional pattern score significantly
reduced the risk of IR. Moreover, when the scores of
three dietary patterns were simultaneously included as
continuous variables in the final logistic regression model,
the chance of IR was 1.11 (95% CI=0.88-1.39), 0.97
(95% CI=0.79-1.22), and 0.55 (95% CI=0.41-0.73) for
Western, traditional and healthy pattern scores, respectively.
DISCUSSION
In this population-based prospective study of adult men
and women, followed for a median of 3 years, we demonstrated that the healthy dietary pattern, characterized by
higher load of vegetable oils, fresh and dried fruits, lowfat dairy, nuts and seeds, was an independent predictor of
the incidence of insulin resistance. Other major dietary
patterns, Western and traditional, had no statistically significant association with insulin resistance. Interaction
effects of dietary pattern scores also indicated that highest
adherence to Western pattern along with lowest score of
healthy dietary pattern increased the risk of IR, whereas
highest adherence to healthy pattern could modify the
unfavorable effects of the Western pattern; overall, the
lowest OR of IR was observed in subjects with higher
healthy scores along with lower Western scores. Combination of healthy and traditional dietary pattern scores
showed that subjects who had the highest score of healthy
pattern along with the lowest score of traditional pattern
had also lowest OR of IR. In the presence of all dietary
pattern scores in the logistic regression model, a 45%
reduced risk of IR was observed per 1 unit increase in
healthy dietary pattern score.
An overview of previous studies revealed relatively
similar findings regarding dietary patterns, type 2 diabetes and metabolic syndrome; however limited data are
specifically available for insulin resistance indices. A
follow-up of 42,504 men, aged 40-75 years, indicated
that the prudent dietary pattern score (characterized by
higher consumption of vegetables, fruit, fish, poultry,
whole grains) was associated with a modestly lower risk
of type 2 diabetes (RR=0.84, 95% CI=0.70-1.00) while
the Western pattern score (characterized by higher load of
red meat and processed meats, french fries, high-fat dairy
products, refined grains, sweets and desserts) increased
risk of type 2 diabetes (RR=1.59, 95% CI=1.321.93).9 Similarly, a prospective investigation on the associations between major dietary patterns and risk of type 2
diabetes in women showed an increased risk for diabetes
(OR=1.49, 95% CI= 1.26-1.76) in women who had higher
scores in the Western pattern.10 A 15-year follow-up of
adult men and women who participated in the China
Health and Nutrition Survey indicated that long-term adherence to healthier dietary patterns was associated to
lower hemoglobin A1c (-1.64, 95% CI=-3.17, -0.11), lower HOMA-IR (6.47%, 95% CI=-17.37, 4.42) and a reduced risk of type 2 diabetes (OR=0.86, 95% CI=0.44,
1.67).8 Another study on 5390 men and women, aged 4584 years, free of prevalent diabetes and clinical cardiovascular disease, showed that higher scores in Mediterranean dietary pattern, characterized by a high consumption

of whole grains, olive oil, legumes, vegetables, fruits,
cereals, moderate to high consumption of fish, moderate
to low consumption of meat and processed meats, milk
and dairy products, were associated with a lower levels of
serum glucose and insulin at baseline; after a 6-year follow-up there was no significant association between Mediterranean dietary pattern and the incidence of type 2 diabetes.23 A nested case-control study on adults also
showed no significant association between Western or
healthy dietary patterns with the risk of type 2 diabetes,
but a higher score for the traditional dietary pattern, included higher load of whole grains, legumes, egg and red
meat, was found to be related with an 18% lower risk
(OR per 1 SD score=0.82, 95% CI 0.67–0.99).24
Adherence to the dietary approaches to stop hypertension (DASH) diet, a diet rich in fiber, fruits, vegetables,
and low-fat dairy products, was also accompanied with
improvement of insulin sensitivity.25 In one crosssectional investigation conducted among a Japanese population, the bread and dairy products pattern and the prudent dietary pattern, characterized by high load of vegetables and fruits, were inversely correlated to a lower
prevalence dysglycemia while the high fat/Western, characterized by high load of fried foods, fried dishes and
meat was positively correlated with HOMA-IR.6 Another
cross-sectional study of Asian adult women showed that
higher scores of the healthy dietary pattern were accompanied with a reduced risk of metabolic syndrome
(OR=0.61, 95% CI=0.30-0.79) and insulin resistance
(OR=0.51, 0.24-0.88),whereas higher scores of the Western and traditional dietary patterns were associated with a
relatively great risk for metabolic syndrome and abnormal
glucose homeostasis.26
Favorable effects of healthy dietary patterns such as the
Mediterranean pattern, DASH diet, and the Nordic diet on
metabolic disorders have been mainly attributed to higher
content of fruits, vegetables, whole grains, dairy and dairy
components, calcium, vitamin D, and whey protein, as
well as monounsaturated fatty acids, and omega3fattyacids.27 Effects of dietary patterns on insulin homeostasis may also be mediated through different glucose
and insulin responses following meal patterns containing
various amounts and types of carbohydrates.28 Considering recent findings that highlight the critical role of dietary fatty acids on insulin homeostasis during postprandial periods,29 different fatty acid profiles of various dietary
patterns may be partly responsible for diet-induced insulin resistance. Some other different modalities such as
glycemic index and glycemic load, fiber, phytochemicals
and antioxidant content may also explain different metabolic outcomes of dietary patterns. Several mechanisms
have been suggested to link the effects of diet on insulin
resistance; there is evidence showing that the effects of
diet on leptin and adiponectin, and other cytokines such
as tumor necrosis factor-α and interleukin-6could modulate insulin sensitivity.30,31 Chemerin, a recently discovered chemokine regulates glucose uptake in both adipose
tissue and skeletal muscle, was also found to be mediate
the effect of diet on insulin homeostasis and HOMA-IR.32
Considering the pathological effect of oxidative stress and
inflammatory pathways on β-cell function and insulin
signaling, and the determinant role of diet on endogenous
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oxidative/anti-oxidative balance and systemic sub-clinical
inflammation, it is possible that the indirect effect of dietary patterns on the development of insulin resistance
may be linked to these mechanisms.33-35
The strengths of this study were a prospective setting
and use of a validated FFQ to assess regular dietary intakes and to determine major dietary patterns. Some limitations of our study need to be considered in the interpretation of findings. The dietary patterns were assessed using food intake data only, whereas eating behaviors such
as meal and snacking patterns may provide more accurate
information regarding regular dietary patterns. Use of
factor analysis for dietary data reduction has also been
criticized due to its subjectivity in nature and limited generalizability to other populations. Moreover, lack of data
on postprandial levels of glucose and insulin to calculate
the disposition index and accurately justify homeostasis
models of insulin, was another limitation of this study.
In conclusion, the findings of the present study demonstrated that a dietary pattern with a higher amounts of
vegetable oils, fresh and dried fruits, nuts and seeds, as
well as low-fat dairy products, was associated with a lower incidence rate of insulin resistance, findings that indicate the protective effects of plant-based and low-fat
foods against the development of insulin resistance and
its consequential metabolic disorders.
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