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 ■ Abstract 
AIM: To identify dietary patterns among apparently healthy 
individuals and to determine their long-term effect on diabe-
tes incidence. METHODS: During 2001-2002, a random 
sample of 3,042 men and women (18-89 years old), living in 
greater Athens, was randomly selected to participate in the 
study. During 2011-2012, the 10-year follow-up was per-
formed in 2,583 participants (15% drop-out rate). After ex-
cluding participants with diabetes at baseline and those for 
whom no information on diabetes status was available at fol-
low-up, the working sample consisted of 1,485 participants. 
Dietary habits were assessed by means of a validated semi-
quantitative, food frequency questionnaire. Factor analysis 
was performed to extract dietary patterns from 18 food 
groups. RESULTS: Diabetes diagnosis at follow-up was 
made in 191 participants, yielding an incidence rate of 12.9%. 
Six factors (i.e. dietary patterns) were identified that ex-
plained 54% of the variation in consumption. After adjusting 

for major confounders, and stratification by age-group, logis-
tic regression revealed that the most healthful pattern con-
sisted of the consumption of fruits, vegetables, legumes, 
bread, rusk, and pasta which reduced the 10-year diabetes 
risk by 40%, among participants aged 45-55 years. The asso-
ciation reached marginal statistical significance (95% CI: 
0.34, 1.07), while no significant association was observed for 
the other age-groups. When the analysis was additionally 
adjusted for carbohydrate percentage, statistical significance 
was lost completely, suggesting a possibly mediating effect 
of this macronutrient. CONCLUSIONS: The results con-
firm the potentially protective effect of a plant-based dietary 
pattern in the primary prevention of diabetes, in particular 
among middle-aged people. Carbohydrate content may be a 
specific factor in this relationship; other micronutrients 
found in plant-based food groups may also play a role. 
 

 

Keywords: type 2 diabetes · Mediterranean diet · dietary 
pattern · prediabetes · diabetes incidence · factor analysis 

 

1. Introduction 
 

 he World Health Day 2016 campaign was 
 dedicated to the devastating impacts and 
 consequences of type 2 diabetes which has 

reached epidemic dimensions. The World Health 
Organization reported that, in 2014, 9% of the 
adult population was diagnosed with diabetes; it is 
estimated that the disease will rise to the 7th place 

among the leading diseases by 2030 [1, 2]. Patients 
face a 2-4 times higher risk of cardiovascular dis-
ease (CVD) or death from any cause associated 
with the disease [3]. These alarming figures under-
lie the need for effective therapeutic means and 
preventive strategies, especially in middle- and 
low-income countries. 

Genetic susceptibility is an important factor in 
the pathogenesis of diabetes, but acts mainly as a 
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trigger in relation to specific environmental fac-
tors. Therefore, weight management and regular 
physical activity are common targets of interven-
tional programs as they have been inversely asso-
ciated with diabetes development and progression 
[4]. Although diet has long been recognized as a 
therapeutic tool in effective diabetes management 
[5], its role on primary disease prevention still re-
mains unclear. The effects of specific food groups 
on the onset of diabetes and its complications have 
been studied extensively. Several food groups such 
as whole grain, low-fat dairy products, fruits, vege-
tables, pulses, and nuts (in women) have been 
found to be correlated positively with reduced risk 
of diabetes, while sugar-rich beverages, meat, 
processed meat, hydrogenated oils, margarines, 
and eggs seem to increase the risk of diabetes [6]. 
In recent times, the use of the patterns approach 
has shown advantages over the consideration of 
separate food groups, for both practical and meth-
odological reasons [7]: 

 
1. Foods may have synergistic or competing 

properties, which may alter the true food-
health relationship. 

2. Individuals consume a variety of food com-
binations. Therefore, eating patterns reflect 
dietary habits more accurately. 

3. A pattern is more easily translatable into 
guidelines in everyday clinical practice, 
compared to the intake of specific nutrients. 

 
Nutritional epidemiology has used the following 

two statistical approaches for the identification of 
dietary patterns: 

 
1. A-priori method (based on an already de-

scribed pattern) 
2. A-posteriori method (based on a study de-

scribing a new pattern that has been derived 
empirically) [8] 

 
Various studies have used a-priori methods to 

evaluate the relation between adherence to a die-
tary pattern and diabetes pathogenesis among ini-
tially healthy individuals. The most common pat-
tern tested is the Mediterranean diet, which has 
consistently been found to lower diabetes risk [9-
11]. The pattern is characterized by: 

 
1. Abundant consumption of plant foods and 

olive oil as the principal source of fat. 
2. Moderate consumption of fish, poultry, eggs, 

dairy products, and alcohol. 

3. Low consumption of meat, its products, proc-
essed foods, and sugar [12]. 

 
Some studies have used a-posteriori methods to 

find new dietary patterns, and evaluate their long-
term effects on the risk of diabetes [12-14]. Irre-
spective of the method applied, the results of stud-
ies on the relation of diet to risk of diabetes are in-
consistent. A meta-analysis of 10 prospective stud-
ies, in which Caucasians, Africans, Hispanics, and 
Chinese were equally represented, concluded that 
“healthful” patterns, consisting of fruits, vegeta-
bles, and whole grain products, may reduce diabe-
tes risk by 14%, whereas “unhealthful” patterns, 
including high contents of red and processed meat, 
high-fat dairy, and refined grains, may increase 
the risk by 30% [15]. However, a very recent case-
control study did not find a significant association 
between healthful dietary patterns and diabetes 
risk [16]. Furthermore, most studies have focused 
on subjects aged over 40 years. This means that 
data on younger subjects are lacking, which is par-
ticularly relevant in type 2 diabetes as patients are 
becoming increasingly younger. To the best of our 
knowledge, no study has investigated the potential 
differentiated effect of a dietary pattern by age 
group until today. Finally, no relevant study has 
been conducted in Greece, a country that experi-
enced low CVD rates in the 1960s and 1970s, but 
has high diabetes rates today, with 13 new cases 
per 1000 adults per year [17], which is consistent 
with the global trend. 

Therefore, in the present study, we investigated 
the effects of dietary patterns on the 10-year inci-
dence of diabetes in a large, representative sample 
of CVD-free Greek adults, aged over 18 years. 

2. Methods 

2.1 Baseline sampling procedure (2001-2002) 

The ATTICA study is a large-scale, prospective, 
health- and nutrition-related survey. The baseline 
sampling of participant data was conducted during 

Abbreviations: 
 

BMI body mass index 
CVD cardiovascular disease 
CI confidence interval 
FFQ food-frequency questionnaire 
HDL high-density lipoprotein 
IPAQ International Physical Activity Questionnaire 
LDL low-density lipoprotein 
OR odds ratio 
WC waist circumference 
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2001-2002 in the province of Attica, where Athens 
is the major metropolis. In each area, the informa-
tion was collected during all four seasons to elimi-
nate the potential confounding effect of seasonality 
on dietary habits. Out of the 4,056 inhabitants of 
the above area invited initially, and after exclud-
ing those with CVD (i.e., n = 117) and those with 
chronic viral infections (n = 107), 3,042 individuals 
agreed to participate (75% participation rate); 
1,514 of the participants were men (aged 46 ± 13 
yr; range 18-87 yr) and 1,528 were women (aged 45 
± 13 yr; range: 18-89 yr). Trained personnel (i.e., 
cardiologists, general practitioners, dietitians, and 
nurses) interviewed the participants following a 
standard methodology. The study was conducted 
according to the Declaration of Helsinki guide-
lines; all procedures involving human subjects 
were approved by the ethics committee of the First 
Cardiology Department of the University of Ath-
ens. Written informed consent was obtained from 
all individuals. General information about the 
aims, design, and methods of the ATTICA study 
may be found elsewhere [18]. 

2.2 Baseline measurements (2001-2002) - die-
tary assessment 

The evaluation of the dietary habits was based 
on a validated, semi-quantitative food-frequency 
questionnaire (FFQ), the EPIC-Greek question-
naire, which was kindly provided by the Unit of 
Nutrition from the Athens Medical School [19]. 
The participants were instructed by trained per-
sonnel to complete the questionnaire, which in-
cluded 156 foods and beverages commonly used in 
Greece. In this work, we focused on major food 
groups, including dairy products (milk, yogurt, and 
cheese), fruits, vegetables, legumes, starchy foods 
(cereals, bread, pasta, potatoes, and rice), meat 
(red, white, and processed), small and big fish, 
eggs, nuts, and sweets. Beverages such as alcohol, 
coffee, soda drinks, and tea were not considered. 
Added fat was recorded, but also not considered in 
the analysis since the majority of participants 
(about 95%) reported the use of olive oil as the 
main fat added, causing this variable to be almost 
constant. In this population, the exclusive use of 
olive oil as added oil and in cooking is a tradition 
carried on until today. 

2.3 Socio-demographic and other lifestyle 
variables 

Information about socio-demographic character-
istics (age, sex, and years of school), personal and 

family history of hypertension, hypercholes-
terolemia and diabetes, family history of CVD, 
smoking status, and physical activity was col-
lected. Smokers were defined as persons who 
smoked at least one cigarette per day or who had 
quitted within the previous year; the rest were de-
fined as non-smokers. The International Physical 
Activity Questionnaire (IPAQ), an index of weekly 
energy expenditure that records the frequency 
(times/week), duration (in minutes), and intensity 
of physical activity (in expended calories per time), 
was used to determine the level of physical activity 
[20]. 

2.4 Anthropometric, clinical, and biochemical 
characteristics 

Weight (in kg), height (in m), waist and hip cir-
cumference (in cm), and clinical characteristics 
were measured using standard procedures. Arte-
rial blood pressure was measured 3 times using 
the right arm. All measurements were performed 
at the end of the physical examination, while sub-
jects were in a sitting position for at least 30 min. 
When average blood pressure was ≥140/90 mm Hg 
or when antihypertensive medication was used, 
the participant was classified as hypertensive. 
Blood samples were collected from the antecubital 
vein between 8 to 10 a.m., in a sitting position af-
ter 12 hours of fasting and alcohol abstinence. Se-
rum total cholesterol, HDL-cholesterol, triglyc-
erides, and glucose concentrations were measured 
using the chromatographic enzymatic method by a 
Technicon automatic analyzer RA-1000. LDL cho-
lesterol was calculated using the Friedewald for-
mulae. Hypercholesterolemia was defined as total 
serum cholesterol concentrations >200 mg/dl or the 
use of lipid-lowering agents. Serum insulin concen-
trations were assayed by means of a radioimmu-
noassay. Diagnosis of type 2 diabetes was con-
ducted according to American Diabetes Association 
criteria [21], i.e., fasting blood glucose >125 mg/dl 
or the use of antidiabetic agents and/or insulin. 

2.5 Ten-year follow-up evaluation (2011-2012) 

The 10-year follow-up was performed during 
2011-2012. Of the 3,042 participants, 2,583 com-
pleted the follow-up (85% participation rate). A de-
tailed evaluation of the participants’ medical 
status was performed. Among various endpoints, 
development of diabetes mellitus was recorded. 
Patients who had diabetes at baseline (n = 210), 
and those for whom information about diabetes 
status was not available at the 10-year follow up 
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(n = 888), were excluded from the present analy-
ses, yielding a working sample of n = 1,485 par-
ticipants. The sample size was adequate to achieve 
92% statistical power for the evaluation of a rela-
tive risk of 0.70 between the null and the alterna-
tive two-sided hypothesis, when the exposure vari-
able was increased by 1 unit and with a signifi-
cance level (alpha) of 0.05. Further details about 
the baseline and 10-year follow-up procedures of 
the study are described elsewhere [17, 18]. 

2.6 Statistics - food factor derivation 
Factor analysis, using the principal component 

method, was applied to identify dietary patterns 
that show protection against diabetes pathogene-
sis. The correlation matrix of the food variables 
used here showed that there were several correla-
tion coefficients with r >0.4. Moreover, the phi co-
efficient (a measure of the inter-association of 
variables) was 0.89, which is close to 1. Both ap-
proaches implied high interrelationships between 
the food variables. Therefore, factor analysis was 
effective for assessing the food patterns. 

From the entire food database derived from the 
FFQ (see subsection 2.3), 18 food categories were 
selected to represent all major food groups, i.e., 
dairy products, fruits, vegetables, legumes, cereals, 
etc. (Table 1). Food groups that entered the analy-
sis were coded as servings per month. The or-
thogonal rotation (rotation with varimax option) 
was used to derive optimal non-correlated factors. 
The factors are dietary patterns that are charac-
terized by the predominant consumption of specific 
food groups, e.g. red or white meat and potatoes 
for one factor. The information was rotated to in-
crease the representation of each food or food 
group to a factor. 

Eigenvalues were derived from the correlation 
matrix of the standardized variables. The eigen-
value is a value that indicates the proportion of 
the variation in consumption explained by each 
factor. The scree plot of the eigenvalues was exam-
ined to decide the number of factors retained. Ac-
cording to Kaiser’s criterion, the factors that 
should be retained are those with eigenvalues >1. 
In our analysis, a six-factor solution was selected 
(six dietary patterns), because six of the 18 ex-
tracted factors had eigenvalues >1. We then calcu-
lated factor scores, which are interpreted similarly 
to correlation coefficients, i.e., higher absolute val-
ues indicate that the food variable contributes 
most to the construction of the factor. The patterns 
were indicated according to the scores of the food 
groups that correlated most strongly with the fac-
tors (scores 0.4). 

2.7 Descriptive and basic statistical analyses 

The incidence of diabetes was calculated as the 
ratio of new cases (n = 191) to the total number (n 
= 1,485) of participants in the follow-up. Continu-
ous variables were indicated as mean values ± 
standard deviation and categorical variables as 
frequencies. After ensuring equality of variances 
using Levene’s test, comparisons of the mean val-
ues of normally distributed variables between par-
ticipants who developed diabetes and those who 
did not were performed using Student’s t-test. For 
non-normally distributed variables, the Mann-
Whitney test was applied. Continuous variables 
were tested for normality by the Kolmogorov-
Smirnov test. For categorical variables, the chi-
squared test was used. Since the extracted factors 
(i.e., dietary patterns) were not normally distrib-
uted, their correlations with diabetes risk were 
tested using Spearman’s rho test for continuous 
variables or Mann-Whitney test for categorical 
variables. 

Slightly adjusted, multiple linear regression 
models were constructed using factor scores as de-
pendent variables and major confounders as inde-
pendent variables. The results were expressed as 
b-coefficient ± SE. The risk of developing diabetes 
during the 10-year study period in relation to ad-
herence to a dietary pattern was estimated using 
odds ratios (OR) in combination with the respec-
tive 95% confidence intervals derived from multi-
ple logistic regression. This type of analysis was 
preferred (instead of survival analysis) as there 
were no data on diabetes onset, but only diagnosis. 
Interactions of each confounder with extracted die-
tary patterns were checked in all steps of the 
analysis. Known confounders were included in the 
models after testing for collinearity. The signifi-
cance level (alpha) of 0.05 was used, and all re-
ported p-values were based on two-sided tests. 
SPSS software (Statistical Package for Social Sci-

Table 1. List of the 18 foods or food groups selected from the entire 
food frequency questionnaire database 
 

Dairy (milk, yogurt)  Feta cheese (traditional cheese) 
Fruits Hard cheese 
Vegetables Fish, small 
Legumes (lentils, beans, etc.) Fish, big 
Bread, rusk, pasta Chicken 
Cereals Pork 
Nuts Beef 
Potatoes, fried Processed meat 
Potatoes boiled/baked Sweets 
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ences, IBM Hellas SA, Greece, version 18) was 
used for all statistical calculations. 

3. Results 

3.1 10-year diabetes incidence 

During the 10-year follow-up period, 191 diabe-
tes cases were recorded, yielding a crude incidence 
of 129 per 1000 participants (or 12.9%). Of the 191 
cases, 97 (13.4%) were men and 94 (12.4%) were 
women (p = 0.79 for gender difference) [17]. 

3.2 Participants’ baseline characteristics by 
diabetes status at 10-year follow-up 

Demographic and clinical characteristics of the 
ATTICA study participants by diabetes status at 
10-year follow-up are presented in Table 2. Unad-
justed analysis revealed that, at baseline, partici-
pants who developed diabetes were older by almost 
a decade, were more likely to be predisposed to 
diabetes, had higher fasting glucose levels, and a 
greater proportion had hypertension, hypercholes-
terolemia, and the metabolic syndrome, compared 
to those that did not develop diabetes. They also 
had higher initial body mass index (BMI) and 

waist circumference, and were more likely to have 
an abnormal waist-to-hip ratio. Smoking status, 
years of education, energy intake, and physical ac-
tivity did not differ significantly between the two 
groups at baseline. 

Slight differences in certain baseline character-
istics were noted between those for whom informa-
tion about 10-year diabetes status was available (n 
= 1,485) and those for whom it was not (n = 1,347). 
These characteristics concerned the distribution of 
age (43 ± 13 vs. 45 ± 13 years, p < 0.001), hyper-
tension (30% vs. 26%, p = 0.036), smoking status 
(58% vs. 54%, p = 0.028), abnormal waist circum-
ference (50% vs. 54%, p = 0.027), and fasting glu-
cose level (88 ± 12 vs. 80 ± 13, p = 0.005). No dif-
ferences were found in the distribution of sex, 
years of education, family history of diabetes, 
physical activity, metabolic syndrome, hypercho-
lesterolemia, BMI, abnormal waist-to-hip ratio, 
and energy intake (all p > 0.05). 

3.3 Dietary patterns 

Factor analysis identified six factors (dietary 
patterns) that explained 54% of the total variation 
in consumption. The scores for the six factors are 
presented in Table 3 (the coefficients with abso-

Table 2. Baseline characteristics of the ATTICA study participants according to 10-year diabetes incidence (n = 
1,485) 
 

 

Characteristic 
 

Status at 10-year follow-up 
 

p 

 

 

Without diabetes 
(n = 1,294) 

 

 

With diabetes 
(n = 191) 

 

 
 

Age, years 
 

44 ± 13 
 

53 ± 11 
 

<0.001 
Male sex, n (%) 629 (49) 97 (51) 0.57 

Education, years of school 13 ± 3.4 14 ± 3.4 <0.001 

Body mass index, kg/m2 26 ± 4.0 29 ± 5.0 <0.001 

Waist circumference, cm 88 ± 14 98 ± 16 <0.001 

Abnormal WHR ratio* 375 (34) 94 (59) <0.001 

Energy intake, kcal/day 2335 ± 917 2616 ± 1095 0.10 

Physically active, n (%) 552 (43) 73 (38) 0.25 

Current smokers, n (%) 702 (54) 100 (52) 0.62 

Hypertensive subjects, n (%) 333 (27) 82 (46) <0.001 

Hypercholesterolemic subjects, n (%) 475 (37) 106 (56) <0.001 

Family history of diabetes, n (%) 230 (20) 61 (36) <0.001 

Fasting glucose, mg/dL 88 ± 12 95 ± 14 <0.001 

Metabolic syndrome occurrence, n (%) 152 (12) 58 (30) <0.001 
 

Legend: Data are presented as mean values and standard deviation or absolute and relative frequencies. P-values 
were derived from Student’s t-test for the normally distributed variables and Mann-Whitney test for the non-
normally distributed variables (i.e., years of school, fasting glucose), or chi-square test for the categorical variables. 
* >0.8 for women and >1.0 for men. 
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lute value greater than 0.4 are presented in bold). 
As mentioned previously, the higher the absolute 
value of a specific food or food group the higher is 
its participation in the development of the factor. 
We have derived the following six factors (dietary 
patterns) that were characterized by predominant 
consumption of the following food groups: 

 
Factor 1: Red or white meat (beef, pork, and 

poultry) and potatoes (fried, boiled, 
or baked) 

Factor 2: Fruits, vegetables, legumes, bread, 
pasta, rusk (the healthful pattern) 

Factor 3: Processed meat and all kind of 
cheese 

Factor 4: Fish (small and big) 
Factor 5: Nuts and sweets 
Factor 6: Dairy and cereals 
 
Interestingly, some food groups were not as in-

ter-correlated as expected, e.g., cheese was not cor-
related with milk and yogurt, and poultry was not 
correlated with fish. This led to the classification 
of these food products into different food patterns. 
Factor 1 was the most dominant pattern and ex-
plained 15.5% of the total variation in consump-

tion. Each of the remaining five factors explained 
between 5.9% (Factor 6) and 10% (Factor 2) of the 
variation in consumption. 

Correlations between participants’ characteris-
tics (i.e., age, sex, years of education, waist circum-
ference, physical activity status, family history of 
diabetes, smoking, and status of hypertension and 
hypercholesterolemia) and factor scores were 
tested (for descriptive reasons). We obtained the 
following results for the different factors: 

 
- Factor 1 was associated inversely with age 

(rho = -0.23, p < 0.001) and physical activity 
status (p = 0.018). 

- Factor 2 was associated positively with age 
(rho = 0.194, p < 0.001) and inversely associ-
ated with hypertension (p = 0.008) and hy-
percholesterolemia status (p = 0.049). 

- Other factors: there were no correlations be-
tween diabetes risk and the other factors be-
cause they explained only a small proportion 
of the total variation in consumption. 

 
Finally, multiple adjusted regression models 

were constructed, with Factors 1 and 2 as depend-
ent variables, and age, sex, family history of diabe-
tes, waist circumference, physical activity, smok-

Table 3. Factor coefficient for foods or food groups consumed by the Greek ATTICA study participants (n = 1,485) at baseline 
 

Food / food group Factor* 
 1 2 3 4 5 6 
Dairy (milk, yogurt)  0.037 0.106 0.085 -0.068 -0.197 0.744 
Fruits 0.007 0.550 0.081 0.354 0.358 0.224 
Vegetables 0.143 0.655 0.110 0.281 -0.020 0.158 
Legumes (lentils, beans, etc.) 0.016 0.692 -0.048 0.009 -0.012 -0.053 
Bread, rusk, pasta -0.061 0.554 0.096 -0.351 0.199 -0.124 
Cereals -0.138 -0.105 -0.024 0.143 0.281 0.676 
Beef 0.583 -0.022 0.320 0.368 -0.064 -0.055 
Pork 0.670 -0.059 0.156 -0.071 0.212 -0.075 
Chicken 0.651 0.144 -0.219 0.043 -0.149 0.379 
Processed meat 0.336 -0.106 0.455 -0.358 0.177 0.107 
Fish, small 0.094 0.156 0.255 0.668 -0.029 -0.188 
Fish, big -0.040 0.022 -0.094 0.618 0.095 0.173 
Potatoes, fried 0.574 -0.033 -0.038 -0.169 0.326 -0.136 
Potatoes boiled/baked 0.484 0.329 -0.056 0.123 0.090 -0.053 
Feta cheese (traditional cheese) -0.031 0.126 0.686 0.049 0.087 -0.098 
Hard cheese  0.030 -0.010 0.782 0.066 -0.008 0.124 
Nuts 0.082 0.034 0.021 0.002 0.752 -0,093 
Sweets 0.219 0.156 0.118 0.044 0.614 0.119 

 

Legend: Score coefficients were similar to the correlation coefficient, with higher absolute values indicative of higher correlation between the 
(food) variable and the respective factor. * The patterns were predominantly characterized by the consumption of meat and potatoes (Factor 
1), fruits, vegetables, legumes, bread, rusk, and pasta (Factor 2), processed meat and cheese (Factor 3), fish (Factor 4), nuts and sweets (Fac-
tor 5), dairy and cereals (Factor 6). 
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ing, and hypertension and hypercholesterolemia 
status as independent variables. Factor 1 was in-
versely associated with age only (b = -0.029 ± 
0.005, p < 0.001) and Factor 2 positively associated 
with age (b = 0.016 ± 0.004, p = 0.001) and hyper-
tension status (b = 0.26 ± 0.11, p = 0.021). 

3.4 10-year diabetes incidence and dietary pat-
terns 

To evaluate the associations between the ex-
tracted factors and the 10-year risk of developing 
type 2 diabetes, logistic regression was performed. 
The interaction between factor scores and age 
groups of subjects was statistically significant, so 
the analysis was continued with stratification by 
age groups. As the data was stratified, we included 
only major confounders in the analysis (i.e., sex, 
family history of diabetes, waist circumference, 
and smoking status) to avoid over-adjustment. 

The results are shown in Table 4. The health-
ful pattern characterized by the consumption of 
fruits, vegetables, and starchy foods showed a 40% 

lower 10-year risk of developing diabetes (OR = 
0.60, 95% CI: 0.34, 1.07) for participants aged 45-
55 years at baseline. This result also shows that 
age plays a particular role in the effect, i.e., mid-
aged people seem to benefit most from the carbo-
hydrate-rich, vegetarian diet. No other food pat-
tern reached statistical significance. As Factor 2 
represented almost all of the carbohydrate-rich 
foods consumed in Greece (i.e., bread, rusk, pasta, 
legumes, fruits, and vegetables), we also included 
the percentage of calories from carbohydrates in 
the analysis to test whether the marginally protec-
tive effect found for the vegetarian, carbohydrate-
rich diet is mediated by the high carbohydrate con-
tent. This approach led to loss of statistical signifi-
cance (OR = 0.62, 95% CI: 0.34, 1.13), indicating 
that there may be a mediating effect caused by 
carbohydrates. 

When the model was adjusted for total energy 
intake (instead of calories by carbohydrates), the 
marginally significant effect of Factor 2 was lost 
again (OR = 0.72, 95% CI: 0.35, 1.49), indicating 
the importance of the total amount of calories con-
sumed on the tested relationship. 

Table 4. Results from multiple logistic regression by age-group among the 1,485 participants in the ATTICA study, which evaluated the asso-
ciation between food factors and 10-year diabetes risk 
 

Factor by age group Odds ratio 95% CI 
Age group <45 years   
    Factor 1: meat, poultry and potatoes 0.99 0.49 - 2.03 
    Factor 2: fruits, vegetables, legumes, bread, rusk, pasta 1.89 0.85 - 4.18 
    Factor 3: processed meat and cheese 0.86 0.39 - 1.88 
    Factor 4: fish 1.12 0.44 - 2.84 
    Factor 5: nuts and sweets 1.19 0.58 - 2.53 
    Factor 6: dairy and cereals 1.23 0.60 - 2.50 
Age group: 45-55 years   
    Factor 1: meat, poultry and potatoes 0.79 0.39 - 1.59 
   Factor 2: fruits, vegetables, legumes, bread, rusk, pasta 0.60 0.34 - 1.07 
    Factor 3: processed meat and cheese 0.80 0.38 - 1.69 
    Factor 4: fish 1.43 0.75 - 2.72 
    Factor 5: nuts and sweets 1.37 0.84 - 2.25 
    Factor 6: dairy and cereals 1.12 0.62 - 2.03 
Age group: >55 years   
    Factor 1: meat, poultry and potatoes 0.93 0.11 - 7.47 
    Factor 2: fruits, vegetables, legumes, bread, rusk, pasta 0.19 0.02 - 2.03 
    Factor 3: processed meat and cheese 0.18 0.004 - 7.6 
    Factor 4: fish 10.6 0.062 - 18.34 
    Factor 5: nuts and sweets 1.40 0.32 - 6.18 
    Factor 6: dairy and cereals 22.3 0.25 - 20.2 

 

Legend: The analysis was adjusted for major confounders, i.e., gender, family history of diabetes, waist circumference, and smoking status. 
Since the 1-unit increase in scores for the factors was not meaningful (i.e., 1-unit increase does not mean 1 serving increase) we could only 
evaluate the direction of the effect size (i.e., hazard ratio >1= “non-protective” or <1= “protective”). 
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4. Discussion 

Using factor analysis in a sample of 1,485 adult 
men and women free of cardiovascular disease, we 
derived six factors (patterns) which explained 54% 
of the total variation in dietary habit. Factor 1 was 
characterized by the consumption of red or white 
meat and potatoes, a typical Greek eating behav-
ior; it had the largest part of variation in consump-
tion, namely 15.5%. Factor 2 could be described as 
a healthful pattern, as it featured high-quality, 
carbohydrate-rich foods, specifically fruits, vegeta-
bles, legumes, bread, rusk, and pasta. This pattern 
explained 10% of the variation in nutrition. The 
rest of the patterns represented other foods and 
food groups, including processed meat, cheese, 
fish, nuts, sweets, dairy products, and cereals, 
which explained approximately 6-8% of the total 
variation. 

The above-mentioned dietary patterns were 
studied in relation to 10-year diabetes risk. The 
analysis showed that age has a significant influ-
ence on the impact of diet on diabetes develop-
ment. After sample stratification by age group, 
only the healthful pattern was found to decrease 
significantly the 10-year diabetes risk by 40% 
among participants aged 45-55 years. The inclu-
sion of the percentage of carbohydrates in the fully 
adjusted model caused a slight change in the 95% 
CI, which means that the protective effect of the 
plant-based pattern (Factor 2) may partially be at-
tributed to their greater carbohydrate and lesser 
fat content. Of course, the observed antidiabetic 
effect may be induced by different aspects of the 
diet, including other micronutrients, antioxidants, 
fibers, magnesium, etc. present in the food groups 
as well as potential nutritional interactions. It 
may be speculated that the high percentage of 
“high-quality carbohydrates” in the diet leads to a 
higher intake of antioxidants, magnesium, and fi-
bers (which is linked to decreased diabetes risk), 
and a smaller intake of saturated and trans fatty 
acids (which is supposed to increase the risk) [6]. 
Finally, adjustment for calories had the same ef-
fect as the adjustment for carbohydrates, indicat-
ing the importance of quantity, i.e. calories con-
sumed (instead of quality), in a dietary pattern. 

Despite the observational nature of the present 
study, the large, representative sample, the pro-
spective design, and the long follow-up period of 10 
years in combination with the detailed assessment 
of lifestyle information, which allowed the adjust-
ment for several known confounders, made the 
analysis meaningful and robust against overesti-
mation. The finding supports the claim for health-

ful eating as it has a protective effect against dia-
betes development. As a new outcome, middle-aged 
people seem to benefit most from long-term adher-
ence to the healthy eating pattern. 

Pattern analysis has emerged as a complemen-
tary statistical approach when attempting to in-
vestigate the multidimensional essence of nutri-
tion and its relationship with a chronic disease. A 
diet is more than the sum of its components. The 
synergistic effects of a diet exceed the combined 
effects of single food components, an insight that 
has led to fundamental concerns about food-
specific, single-variable approaches. Therefore, 
studying food patterns may better delineate the 
variation in proportions, combinations, and fre-
quencies of consumed foods and beverages. Fur-
thermore, traditional, single-variable analysis is 
afflicted with methodological deficits, because the 
high level of inter-correlation between food vari-
ables makes the estimation of the effect size of 
singe foods or nutrients in regression models diffi-
cult. 

As discussed above, there are two methods 
available to identify food patterns. A-priori analy-
sis is intended to measure the level of adherence to 
a pre-specified healthful dietary pattern, using 
diet indexes. On the other hand, a-posteriori 
analyses (principal component, cluster, or factor) 
do not share the limitations of a “static” evaluation 
based on “expert” opinion; rather they generate 
dietary patterns incorporating characteristics of 
individual choices in relation to the development of 
a disease [22]. Previous studies have used the a-
posteriori methodology to identify dietary patterns 
in relation to diabetes pathogenesis. 

The present study also followed the a-posteriori 
method to identify the most healthful pattern, 
which was a vegetarian-like diet, rich in fruits, 
vegetables, legumes, and wholegrain cereals, and 
poor in animal products. Similar patterns have al-
ready been described in other studies. Using clus-
ter analysis, Brunner et al. studied 7,731 men and 
women (mean age 50 years) for 15 years, and de-
tected a healthful pattern that included fruits, 
vegetables, whole-meal bread, low-fat dairy prod-
ucts, and small amounts of alcohol [8]. Montonen 
et al. studied 4,303 men (aged 40-69 years) for 23 
years, and described a pattern labeled “prudent” 
that was characterized by increased consumption 
of fruits and vegetables [23]. Similarly, in a 4-year 
prospective study, Hodge et al. observed 36,787 
adults from the Melbourne Collaborative Cohort, 
and described a similar pattern that was charac-
terized by higher consumption of salad and cooked 
vegetables [14]. Finally, in a larger sample consist-
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ing of 42,504 men aged 40-75 years, the “prudent” 
pattern was not only characterized by fruits and 
vegetables, but also by fish, poultry, and whole 
grain [13]. In all previous studies, the healthful 
patterns were associated with a reduced risk of 
diabetes. Although there is no standard definition 
of a “healthful pattern”, it shows that fruits and 
vegetables were part of all healthful patterns de-
tected in these studies. Interestingly, a very recent 
meta-analysis of 10 prospective studies concluded 
that a reduced risk of 14% may be achieved when 
adopting a healthful pattern consisting of fruits, 
vegetables, and whole grains [15]. These results 
further confirm the existence of a healthful, anti-
diabetic vegetarian-based diet. 

Another interesting finding from the present 
study was the effect of age-groups on the tested re-
lationship. The pattern characterized by high 
amounts of fruits, vegetables, and complex carbo-
hydrates was significantly associated with reduced 
diabetes risk, but only among middle-aged partici-
pants (45-55 years). It is well known that diabetes 
risk increases with age, with every year adding 
approximately 14% to the risk, and it has been 
previously reported that ATTICA study partici-
pants aged 45-54 years at baseline belong to the 
age-group with the most diabetes cases at 10-year 
follow-up [17]. It may thus be hypothesized that 
this group of participants benefited most from a 
healthy diet since this decade is critical for diabe-
tes onset. To the best of our knowledge, no previ-
ous study has reported this finding; more studies 
are necessary to confirm it. 

The proposed effect of the healthful pattern 
against diabetes development may be ascribed to 
several mechanisms. Following a food approach, 
this pattern is high in fruits and vegetables, which 
have been reviewed systematically and recently 
found to be inversely linked to diabetes develop-
ment [24]. Antioxidants in fruits and vegetables 
have been hypothesized to protect against diabe-
tes, suspending oxidative stress accumulation, 
which inflicts damage on the pancreatic beta-cell’s 
dynamic for insulin production and secretion [9]. 
Yet, supplementation with β-carotene and vita-
mins C and E has reported null associations with 
the risk of developing diabetes in women at high 
risk of CVD [25]. The interplay of a complex mix-
ture of fruits and vegetables found in whole fruits 
and vegetables may be the key to healthy nutri-
tional behavior [26]. Bread, pasta, and rusk are 
also present in this pattern. It has been suggested 
that grain-oriented dietary fibers may act favora-
bly against diabetes development because they 

cause delayed gastric emptying, which results in a 
decelerated glucose absorption, thus reducing the 
insulin level that the pancreatic beta-cells have to 
provide [27]. The bran of cereals is also very high 
in magnesium, which has been much studied in 
relation to diabetes. Decreased intracellular enzy-
matic activity due to magnesium deficiency pro-
motes insulin resistance [28]. Legumes are excel-
lent sources of magnesium and dietary fibers. Fi-
nally, the vegetarian-based pattern is poor in total 
and saturated fat. Consumption of dietary pat-
terns high in total and saturated fat is directly and 
indirectly (fostering overweight) linked to im-
paired insulin resistance [29]. In summary, it is 
believed that single foods may have antidiabetic 
properties, but the antidiabetic potential of a 
healthful dietary pattern is postulated to be higher 
than the combined effects of single nutritional 
components. 

We have applied statistical analysis of the data 
so as to produce as robust estimates as possible. 
Because the exact time of diabetes onset was un-
known in all cases (only the date of diabetes diag-
nosis was known), the hazard ratios were esti-
mated through odds ratios, which may have over-
estimated the true effect. However, for low-
frequency diseases, it is suggested that odds ratio 
is an accurate estimate (converging) of the relative 
risk. Furthermore, an underestimation of diabetes 
incidence was possible considering that individuals 
with CVD were excluded at baseline assessment. 
Another limitation was that a misclassification of 
diabetes status was possible for patients inter-
viewed by phone. Also, the baseline nutritional 
evaluation was performed once only, thus not re-
flecting possible seasonal variation, and not allow-
ing reproduction of the information collected. 
However, the food frequency questionnaire used 
has been found to be reproducible and reliable, 
while the sampling was performed over a year, and 
therefore, on average, nutritional habits from all 
seasons were included. 

Stratification of the sample by age group may 
have led to decreased power and robustness in es-
timations of the effect sizes. However, the stratifi-
cation was deemed necessary because of the sig-
nificant interaction that existed. The lost-to follow-
up rate was medium (about 15%), and mainly at-
tributed to the wrong or missing contact informa-
tion at baseline; this may have influenced our find-
ings. However, it should be mentioned that only 
slight differences in the baseline characteristics 
were observed between those who participated in 
the follow-up and those who were lost. Finally, the 
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fact that some participants might have changed 
their dietary habits during the long follow-up of 10 
years, without timely information updates, as well 
as residual confounding due to unmeasured fac-
tors, are common limitation of this type of study. 

5. Conclusions 

The present work confirmed the protective ef-
fect of a pattern high in fruits, vegetables, leg-
umes, and grains against diabetes development. 
The novelty is that the healthful dietary pattern 
included plant-based foods only, no fish, dairy, or 
poultry, and that the antidiabetic effect was docu-
mented only among middle-aged participants who 
are at a critical age for diabetes development. 
Since diet is a lifestyle factor that people can learn 
to control, this work carries a significant public 
health message, underlining the role of adherence 
to a plant-based pattern not only for diabetes, but 
also for primary prevention of a wide range of 
cardio-metabolic diseases. 
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