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Estefanía Toledo d,e, Dolores Corella d,f, Jordi Salas-Salvadó d,g,h, Karla Alejandra Pérez-Vega d,i,  
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A B S T R A C T

Aims: This study aims to identify a posteriori dietary patterns with a sex approach and to evaluate their associ-
ation with metabolic syndrome criteria.
Methods: Cross-sectional study conducted in 6821 men and women between 55 and 75 years of age. Forty-two 
food groups were analyzed from dietary information collected with food frequency questionnaires, using prin-
cipal component analysis and cluster analysis and then information from both statistical methods was compared. 
Prevalences were calculated foreach cluster group, based on the number and types of metabolic syndrome 
criteria they met.
Results: Following principal component analysis, two dietary patterns labeled “healthy” and “unhealthy” were 
identified in both men and women, due to the presence of foods that are considered more or less healthy. These 
same dietary patterns were found in cluster analysis plus an “intermediate” cluster consisting of both healthy and 
unhealthy foods. The presence of metabolic syndrome is related to the “healthy” dietary pattern in women and to 
the “unhealthy” dietary pattern in men. Comparison of the two statistical approaches showed a high level of 
correlation between them (weighted Kappa = 0.703 in women and weighted Kappa = 0.691 in men).
Conclusions: Adherence to both healthy and unhealthy dietary pattern appears to be related to the development 
of MS. The differences found by sex make it necessary to develop interventions with a sex-specific approach.

1. Introduction

Metabolic syndrome (MS) has become a public health problem, of 
uncertain cause and difficult management. In recent decades, its prev-
alence has increased, currently reaching a prevalence of about 25–30 % 
worldwide, with significant differences according to age, ethnicity and 
sex [1,2]. According to the harmonized criteria for MS proposed by 
Alberti et al. [3], one of its most prevalent components is central obesity, 
along with high blood pressure (HBP), the modifiable factor that most 
increases cardiovascular risk (CVR) [4]. Overall, MS is associated with 
the risk of developing type 2 diabetes, cardiovascular disease and total 
mortality [5]. Although there may be a genetic predisposition to develop 
it [6], its main risk factors are modifiable, so it could be prevented by 
improving lifestyle habits, such as increased physical activity and a 
healthy diet [7].

In recent decades, the study of dietary patterns (DP) has been pro-
moted, in order to investigate the role of diet on overall health, beyond 
the effect of specific foods and nutrients. It seems that DPs are more 
determinant than isolated nutrients in defining population consumption 
patterns [8].

As for a posteriori DPs, although multiple patterns of this type have 
been identified, in general terms, they can be summarized in two 
opposing trends: a healthy pattern represented mainly by the Mediter-
ranean diet and an unhealthy one, represented by the Western con-
sumption pattern [9–11]. An increasing number of studies are 
comparing the DPs obtained with different statistical methods, since 
these analyses are based on methods in which decisions are made that 
may have some subjectivity [12]. Several studies have shown a direct 
relationship of those less healthy DPs with cardiovascular events and 
mortality [13,14].

Current studies indicate that there is a direct relationship between 
unhealthy eating and MS, but it remains to be determined whether there 
are differences in the type of diet according to sex and according to the 

number of components or type of MS criteria [15–17]. It is important to 
take sex into account, due to the biological differences between men and 
women, as well as the existing differences in the diet of both sexes and 
this is not often done in previous research literature [18]. On the other 
hand, although the relationship between MS and DPs has been the 
subject of many scientific studies [9,10,19], it is necessary to study the 
effects of diet on the development of MS, as well as the type of DP fol-
lowed by people already affected by MS.

Our hypothesis is that there are differences between the dietary 
patterns observed in men and women. It is necessary to identify these 
differences and make interventions according to the consumption pat-
terns by sex. Regarding metabolic syndrome, a healthy pattern should 
have a positive impact on health even when pathology is already 
present.

Therefore, the main objective of this study was to identify a posteriori 
sex-focused DPs and to evaluate their association with MS criteria.

2. Material & methods

2.1. Study design

This is a cross-sectional analysis of data collected at baseline that 
identifies a posteriori DPs, of the participants included in the PREvención 
con DIeta MEDiterranea (PREDIMED)-Plus trial. This is a randomized, 
multicenter, parallel-group, 6-year, primary cardiovascular prevention 
trial that is currently in progress at 23 Spanish recruiting centers (uni-
versities, hospitals and research institutes). The recruitment period was 
from September 2013 to December 2016. In general, the inclusion 
criteria were determined by age range and the following clinical char-
acteristics: men between 55 and 75 years and women between 60 and 75 
years who had a body mass index (BMI) between 27 and 40 kg/m2 and 
met at least three diagnostic criteria for MS as defined by the Interna-
tional Diabetes Federation, the American Heart Association and the National 
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Heart, Lung and Blood Institute [3] and had no previous cardiovascular 
event.

The trial was registered in the International Standard Randomized 
Controlled Trial (ISRCTN89898870). The trial protocol includes more 
detailed information and is available on the website: http://predimedp 
lus.com and in previous publications [20,21] (Supplementary 
Material-Table S4).

A total of 9677 subjects were included in a run-in period to identify 
and select participants most likely to meet the study protocol, of which 
6874 participants were eligible for the study and were included in the 
trial. After excluding those participants who did not submit complete 
nutritional information, 6821 subjects were included in the present 
study (Supplementary Material-Fig. S1). Data were analyzed using the 
available PREDIMED-Plus database, dated March 12, 2019.

2.2. Variables and data collection

Data on age, sex, educational levels, anthropometric measurements, 
dietary habits, and lifestyle, as well as blood samples for biochemical 
analyses, were collected at the baseline visit. Anthropometric assess-
ments were measured according to the PREDIMED-Plus protocol. BMI 
was calculated as weight (kilograms) divided by the square of height 
(square meters). Biochemical analyses were performed using overnight 
fasting blood samples by standard enzymatic methods to determine 
parameters such as fasting plasma glucose, triglycerides or cholesterol. 
Blood pressure was measured in triplicate with a validated semi- 
automatic oscillometer in a seated position.

MS criteria according to the updated harmonized definition [3] are 
elevated waist circumference (WC) (≥102 cm in men; ≥88 cm in 
women), elevated triglycerides (TG) (≥150 mg/dL) or treatment, 
reduced HDL-C (<40 mg/dL in men; <50 mg/dL in women) or treat-
ment, high blood pressure (HBP) (systolic ≥130 and/or diastolic ≥85 
mm Hg) or treatment and elevated fasting glucose or treatment (≥100 
mg/dL).

2.3. Dietary information

Data on dietary intake were obtained at baseline, just before 
randomization, by trained registered dietitians using a semiquantitative 
food frequency questionnaire (FFQ) with 143 items previously validated 
for the Spanish population [22]. This questionnaire collects information 
on food consumption during the previous year with nine possible re-
sponses, ranging from never or almost never to more than six times a 
day. Based on the frequency of consumption, the intake of each food is 
estimated in grams per day.

2.4. A posteriori dietary patterns

As a first step, the 143-FFQ items were classified into 42 food groups 
(Supplementary Material-Table S1), using factor analysis. The adequacy 
of the sample was previously assessed using the Kaiser-Meyer-Olkin 
measure and Barlett’s test of sphericity. The analysis eliminated foods 
with null intakes or with intakes below the 25th percentile of the sam-
ple, finally performing the analysis with the 30 food groups that had the 
greatest influence on the overall mean intake [23].

Principal component analysis (PCA) was performed using Stata v.14 
statistical package. The components were defined by the Kaiser criterion 
or eigenvalue >1. The eigenvalue of a factor is defined as the amount of 
total variance of the sample that can be explained by a given factor, for a 
better understanding, this value is extrapolated to a percentage to give 
the percentage of variance explained by each factor. The identified 
groups were orthogonally rotated with Varimax rotation to simplify the 
structure and improve its interpretability. Each component was con-
structed with the food groups which were more strongly correlated, as 
long as the factor loading was ≥ |0.35|. In these cases, those food groups 
were considered to contribute significantly to the pattern and were used 

to calculate the scores. PCA was initially performed separately for men 
and women, and Tucker’s congruence coefficient was used to assess 
consistency between sexes [24].

On the other hand, a cluster analysis (CA) was performed using the 
statistical program R, version 3.6.1 and the kmeans function of the base 
package. Considering that the optimal number of clusters has a subjec-
tive component, different heuristic validation methods have been used. 
The number of clusters proposed by 25 different mathematical indices 
was calculated and the analysis was performed with the most prevalent 
value. Finally, according to these indices and the consistency supported 
by the scientific literature consulted, the optimal number of clusters, for 
both men and women, was determined as three [25]. To describe each 
cluster, the mean consumption of the selected food groups was calcu-
lated by sex and each cluster was defined by the most consumed food 
groups. Differences between the means of each cluster were tested with 
ANOVA tests and multiple comparisons between the three groups were 
performed with Bonferroni post estimation analysis.

2.5. Statistical analysis

Sex descriptive analyses were performed to define baseline charac-
teristics, continuous variables were described by mean and standard 
deviation (SD) and categorical variables by n and percentage. Sex 
comparisons were performed with Pearson’s test (χ2) for categorical 
variables or with the t-test for continuous variables. Significance of all 
statistical tests was based on a bilateral contrast set at p < 0.05.

In order to compare the PCA with the CA, the mean and SD of each 
factor in each cluster group were calculated. Regressions were per-
formed between the factors and each cluster group to check their cor-
relation (β coefficient) and obtain the R2 of the model, thus checking the 
total variance of each factor explained by each cluster group In addition, 
for men and women separately, the weighted Kappa index was 
calculated.

After DP determination, prevalences were calculated in each cluster 
group, for men and women, according to the number of components and 
types of MS criteria they met. Differences between these groups ac-
cording to sex were assessed with Pearson’s test (χ2).

3. Results

The baseline characteristics of the study participants are shown in 

Table 1 
Baseline characteristics of the study participants.

Men Women p-value

n 
(mean)

% (SD) n 
(mean)

% (SD)

​ 3509 51.44 3312 48.56 ​
Age (y) 63.73 5.31 66.27 4.06 <0.001
Education level ​ ​ ​ ​ <0.001

primary school 1340 38.42 1923 59.24
secondary school 1144 32.80 826 25.45
more than secondary 1004 28.78 497 15.31

Diabetes 1020 29.07 836 25.24 <0.001
Fasting plasma glucose 

(mg/dl)
112.67 29.23 108.89 26.62 <0.001

Waist circumference (cm) 111.01 8.79 103.97 9.25 <0.001
Systolic blood pressure 

(mmHg)
141.10 16.49 137.93 17.24 <0.001

Diastolic blood pressure 
(mmHg)

82.63 9.78 79.02 9.76 <0.001

HDL-c (mg/dl) 43.80 10.30 52.70 11.66 <0.001
Triglycerides (mg/dl) 158.38 85.71 145.28 66.67 <0.001
BMI (kg/m2) 32.28 3.28 32.86 3.61 <0.001
Total energy intake 

(Kcal/d)
2563.90 644.75 2258.32 576.33 <0.001

Continuous variables are described using mean and standard deviation (SD) and 
categorical variables using n and percentage.
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Table 1. The mean age of the study participants exceeded 60 years, with 
women being older than men. In terms of education level, the low 
schooling rates of women compared to men was significant at all three 
academic levels. Regarding the components of MS, men presented worse 
metabolic control with slightly higher values of glucose levels, blood 
pressure, triglycerides and total energy intake. On the other hand, 
women had a slightly higher BMI than men.

3.1. Principal component analysis

As a result of the PCA (Supplementary Material-Table S2), two pat-
terns were identified, labeled “healthy” and “unhealthy”. The first 
consisted of 9 items, including: nuts, seasonal fruits, vegetables, le-
gumes, sofrito (sauce made with tomato and onion, leek, or garlic, 
simmered with olive oil), fish and seafood, and salads. The second or 
“unhealthy” pattern consisted of 10 items with the following composi-
tion: potatoes, olives, ultra-processed foods, sauces, non-distilled bev-
erages, cottage cheese, sweets, white cereals, red meat and offal. In the 
sex distribution, two dietary patterns were obtained in both men and 
women. Among the differences found, higher factor loadings were 
observed for whole dairy products and milkshakes among men, as well 
as higher loadings for nuts and gazpacho (a Spanish cold soup based on 
tomato, cucumber, garlic, stale bread, olive oil, water and salt) among 
women. In the healthy pattern, women had a higher vegetable intake. As 
for the unhealthy pattern, women had a higher intake of cottage cheese, 
sweets white cereals and red meat and offal. The percentage of variance 

explained is similar in men and women, the healthy pattern is able to 
explain 8.9 % of the total variance of the diet in both men and women, 
while the unhealthy one explains 7.4 % in women and 7.7 % in men.

3.2. Cluster analysis

In the CA (Supplementary Material-Table S3), three clusters were 
obtained, of which two are well differentiated, while the remaining one 
is formed by a mixed group of individuals who consume both healthy 
and unhealthy foods, practically to the same extent (cluster 2 or inter-
mediate). As for the other two clusters, they are formed by individuals 
who adhere to a “healthy” and to an “unhealthy” one. The mean of the 
most consumed foods in each cluster was significantly different from the 
rest (p < 0.05), thus defining which foods belonged to each cluster.

The unhealthy cluster was composed of individuals with higher in-
takes (grams/day) of 17 items: whole dairy products, milkshakes, cot-
tage cheese, red meat and offal, eggs, sofrito, potatoes, olives, olive oil, 
sweets, processed and ultra-processed foods, white cereals, sauces, non- 
distilled beverages, juices and soft drinks, coffee and tea. The healthy 
cluster consisted of individuals with higher intakes of 14 items: skimmed 
dairy products, vegetables (green vegetables, white vegetables and other 
vegetables), legumes, nuts, seafood and fish, salads, gazpacho, seasonal 
fruit and white meats (chicken and rabbit), legumes and whole grains. In 
the stratified analysis by sex, among men, there is a greater tendency 
towards whole milk products, milkshakes, red meat and offal, processed 
foods, olives, white cereals, juices and soft drinks and non-distilled 

Fig. 1. Mean of each component identified in the principal component analysis in each cluster by sex.
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beverages. Meanwhile, among women, there is a higher intake of 
skimmed dairy, green and white vegetables and whole grains. As for the 
intermediate pattern, there is a higher intake of wholegrain cereals 
among women and of dairy products (skimmed and whole), fruit (reg-
ular and seasonal), cereals (white and whole) and non-distilled bever-
ages among men. Also in the mixed pattern, olive oil is consumed 
similarly by men and women.

3.3. Comparison between cluster analysis and principal component 
analysis

Fig. 1 shows the mean of each pattern obtained in the PCA and in 
each cluster by sex. As shown in Fig. 1a and Table 2, women grouped in 
the unhealthy cluster explain a higher percentage of variability (49 %) in 
the unhealthy pattern, while in the healthy cluster, the highest per-
centage of variability is explained by the healthy pattern (56 %). Similar 
data were found in men (Fig. 1b and Table 2), with a percentage of 
variability related to the unhealthy cluster and the unhealthy pattern of 
48 %, as well as a percentage of variability associated with the healthy 
pattern and the healthy cluster of 57 %. The expected agreement beyond 
chance between the clusters and the identified patterns was 70 % 
(weighted Kappa of 0.703) in women and 69 % (weighted Kappa of 
0.691) in men. In both cases, the intermediate cluster did not correlate 
with any of the identified patterns.

Table 3 shows the MS criteria met by the study participants. 14.5 % 
met all inclusion criteria: WC, TG, reduced HDL-c, HBP and high gly-
cemia, while 33.3 % met only four. Most individuals (51.7 %) met only 
three inclusion criteria, with elevated WC, HBP and high glycemia being 
the most prevalent (27.2 %), followed by WC, HBP, high glycemia and 
TG (15.40 %). In general, individuals tended to group in the interme-
diate cluster.

In the distribution by sex (Table 4) and without taking into account 
the intermediate cluster, the tendency of men towards the unhealthy 
cluster was observed with a higher number of MS criteria: with 26.1 % in 
the healthy cluster compared to 23.3 % in the unhealthy one in those 
men with 5 MS components (p = 0.269). Contrary to men, women 
grouped more in the healthy cluster when they had fewer components 
(with 3 criteria) of MS:27.3 % grouped in the healthy cluster versus 24.5 
% in the unhealthy one (p = 0.063). These differences by sex, were not 
significant between men and women who met 5 criteria and were 
grouped in the healthy cluster (26.1 % vs. 23.8 %, respectively, p =
0.399). However, significant differences were found between men and 
women who met 3 criteria and were grouped in the healthy cluster (24.3 
% vs. 27.3 %, respectively, p = 0.017).

4. Discussion

4.1. Main findings

The results of our study suggest the identification of two a posteriori 
DPs, regardless of the statistical technique used (PCA or CA), with high 
concordance when analyzed separately for men and women. The 
composition of these two patterns was similar to that observed in other 
studies, with some variations depending on the dietary and cultural 
habits of the studied population [26–28]. The healthy pattern presented 

characteristics of several patterns considered healthy: Mediterranean 
dietary pattern (high intake of vegetables, fruits and nuts, legumes, fish, 
whole grains, olive oil as the main culinary fat) [29] or the Atlantic 
dietary pattern (typical of northern Spain and Portugal, characterized by 
a majority intake of fish, seafood, potatoes, legumes, cereals, fruits, 
dairy product and vegetables) [30]. The “unhealthy” pattern was 
composed of foods included in the Western pattern (meat, processed 
meat and poultry, refined grains, sweets, desserts, fast food, soft drinks 
and sweetened beverages).

4.2. Dietary patterns: principal components analysis vs cluster analysis

As for the statistical techniques used in the determination of a pos-
teriori DP, PCA is the most widely used [31–33], followed by CA [32,34], 
with few studies comparing the two methods [10,12,24]. Our PCA 
identified two opposing patterns in both men and women, while in the 
CA three clusters were found: a healthy one, an unhealthy one and a 
third, intermediate, majority cluster. Although in the CA olive oil was 
included in the unhealthy cluster, in the PCA it was not included in any 
group, neither in men nor in women. This may be due to the fact that 
both olive oil and virgin olive oil were included in the same group in the 
analysis and that the use of fats remains controversial, especially when 
consumed with other foods such as ultra-processed fried foods [35]. As 
for the consumption of extra virgin olive oil, studies show that it slightly 
lowers LDL cholesterol levels and may reduce some CVR factors, 
although more solid evidence needs to be generated [36,37]. The 
strongest evidence has been generated in the PREDIMED trial, which 
showed a reduction in cardiovascular events in people who had followed 
a Mediterranean diet supplemented with extra virgin olive oil and nuts, 
compared to a diet restrictive in fat intake [38]. Other foods that do not 
fit any pattern were found in the PCA, such as coffee and tea, eggs or 
juices and soft drinks. This could be due to the fact that these foods are 
consumed similarly among people following both healthy and unhealthy 
diets. Whereas consumption of juices and soft drinks [39] has been 
found to have a detrimental effect due to their high amount of free 
sugars, moderate consumption of coffee or tea [40] is not related to an 
increase in MS components. As for egg consumption, recent studies [41] 
associate it with an increase in CVR in the context of a cholesterol-rich 
diet. Olives and non-distilled beverages were grouped in the total 
analysis in the unhealthy pattern, however, in the analysis by sex, they 
did not belong to any group, demonstrating the importance of the 
approach by sex. Olive consumption, although generally considered 
healthy, is associated in the Iberian Peninsula with snacking and 
increased salt intake [42]. As to the reproducibility of the DPs identified 
by the two techniques described above, a correlation was observed be-
tween healthy and unhealthy DP in both men and women, in PCA and 
CA. This allowed us to identify the mixed group that did not correlate 
with either of the other two PCA patterns. Other studies comparing both 
methods agree on the consistency between them [24,43].

The existence of a mixed majority cluster can be explained by the 
tendency of people to consume foods of all types or to have a less defined 
eating pattern. Other studies have described an intermediate cluster, 
although, unlike ours, they consist of foods with minimal intakes in the 
population [24] or simply include food groups that are distinct from 
each other [44]. Most studies tend to label all individuals in one or the 

Table 2 
Mean of each component identified in the principal component analysis in each cluster and variability by sex.

Cluster Women Men

Healthy pattern Unhealthy pattern Healthy pattern Unhealthy pattern

Mean (SD) R2 Mean (SD) R2 Mean (SD) R2 Mean (SD) R2

1.Unhealthy − 0.31 (0.67) 0.033 1.17 (0.84) 0.487 − 0.28 (0.69) 0.025 1.21 (0.89) 0.482
2.Intermediate − 0.49 (0.57) 0.233 − 0.55 (0.56) 0.296 − 0.51 (0.56) 0.265 − 0.50 (0.55) 0.256
3.Healthy 1.31 (0.80) 0.558 − 0.14 (0.78) 0.007 1.31 (0.76) 0.569 − 0.18 (0.78) 0.010
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other, depending on their similarities [9,45]. The finding of this mixed 
cluster may be due to the fact that people do not only consume healthy 
or unhealthy foods, but continuously mix all kinds of foods. According to 
some studies [46,47], dietary variety would not be as beneficial 
compared to a healthy diet in the prevention of MS. This could explain 
the presence of a majority mixed pattern in a population meeting the 
criteria for MS. Nevertheless, some dietary recommendations considered 
healthy, such as decreasing fat intake, need further studies to demon-
strate their relationship with MS [36].

4.3. Sex approach and metabolic syndrome

In terms of the MS criteria met, approximately half of the population 
sample met only three criteria for MS, with WC being the most preva-
lent, followed by HBP and elevated glycemia. Overall, central obesity is 
the most prevalent component of MS [48], being, along with HBP, one of 
the components that most increases CVR [4]. Also WC is the most 
modifiable through lifestyle changes [49]. Analyses by sex allowed us to 
identify differences in the criteria for MS. We observed that as the 
number of MS criteria increased, more men tended to cluster in the 
unhealthy group, while more women clustered in the healthy group. 
This finding may be due to differences in response to 
non-pharmacological treatment in men and women, as well as in life-
style habits [16], but also to a possible change in dietary habits after 
diagnosis (reverse causality) [50]. Regarding treatment response, some 
authors report differences in lifestyle modifications and weight loss 
between men and women, as well as a better response to 
non-pharmacological treatment among men [16], with the Mediterra-
nean diet being one of the most beneficial [20,29]. The biological and 
biochemical differences, the distribution of central obesity, lifestyle and 
dietary habits, as well as the different lipid and hormonal profile make it 
necessary to analyze DP by sex [16,51]. There is a vast literature [10,15,

24] that analyzes, separately, DP in men and women, although research 
in this field still needs to be increased.

4.4. Clinical relevance

The use of different statistical methods to determine dietary patterns 
and the comparison of the results obtained provide consistency and 
greater clinical relevance. The identification of a mixed dietary pattern, 
consisting of individuals consuming both healthy and unhealthy foods 
and its association with MS criteria represents a novelty and opens up 
new lines of research. Furthermore, the differences found between men 
and women highlight the importance of considering sex analysis and 
developing prevention strategies in line with the findings.

4.5. Limitations

. Our population consists of elderly Spanish individuals with MS, so 
our results cannot be extrapolated to the general Spanish population or 
to other countries. Furthermore, it is a cross-sectional study with its own 
limitation. In addition, PREDIMED-Plus participants present metabolic 
disorders and some of them follow specific therapeutic diets. Another 
limitation is that the self-reported dietary information may have led to 
some misclassification and possible measurement errors, however, the 
FFQ was administered by trained dietitians and previously validated in 
the Spanish adult population showing good reproducibility and validity 
[22]. Another limitation related to pattern analyses is that they do not 
allow to specifically identify the particular dietary component within 
the pattern that may be responsible for the observed differences between 
population subgroups. That is another reason for performing analyses by 
sex.

Table 3 
Percentage of total sample, men and women distributed according to the number and type of metabolic syndrome components and to the cluster.

Total Men Women

C1 C2 C3 C1 C2 C3

5 components WC HBP Glycemia TG HDL 14.5 3.8 7.3 3.3 3.5 7.4 3.8
4 components WC HBP Glycemia TG ​ 15.4 4.6 9.5 3.8 3.1 6.7 3.0

WC HBP Glycemia HDL ​ 8.5 1.5 3.6 2.0 2.9 4.8 2.4
WC HBP TG HDL ​ 6.5 1.5 2.8 1.5 1.7 3.6 2.0
WC Glycemia TG HDL ​ 1.9 0.3 1.0 0.5 0.5 1.0 0.5
HBP Glycemia TG HDL ​ 1.0 0.4 0.8 0.5 0.1 0.1 0.0

3 components WC HBP Glycemia ​ ​ 27.2 6.2 12.9 7.0 7.5 13.9 6.9
WC HBP TG ​ ​ 9.7 2.8 5.1 1.9 2.5 4.9 2.3
WC HBP HDL ​ ​ 5.9 1.0 2.3 1.2 2.1 3.5 1.7
WC Glycemia TG ​ ​ 2.9 0.7 1.3 0.9 0.9 1.4 0.7
WC Glycemia HDL ​ ​ 1.6 0.3 0.6 0.4 0.4 0.8 0.7
WC TG HDL ​ ​ 1.5 0.2 0.5 0.3 0.7 0.7 0.7
HBP Glycemia TG ​ ​ 1.4 0.6 1.4 0.6 0.1 0.1 0.0
HBP TG HDL ​ ​ 0.7 0.2 0.6 0.3 0.0 0.2 0.0
HBP Glycemia HDL ​ ​ 0.6 0.2 0.5 0.5 0.0 0.0 0.0
Glycemia TG HDL ​ ​ 0.2 0.1 0.2 0.1 0.0 0.0 0.0

*C1 = Unhealthy cluster; C2 = Intermediate cluster; C3 = Healthy cluster; HBP indicates high blood pressure; TG indicates hypertriglyceridemia, WC indicates waist 
circumference.

Table 4 
Sex differences according to the number of metabolic syndrome criteria.

Men Women

Total C1 C2 C3 Total C1 C2 C3

n % n % n % n % n % n %

5 components 505 132 26.1 256 50.7 117 23.2 487 116 23.8 246 50.5 125 25.7
4 components 1203 293 24.4 618 51.4 292 24.3 1065 273 25.6 533 50.0 259 24.3
3 components 1780 432 24.3 891 50.1 457 25.7 1741 475 27.3 839 48.2 427 24.5

*C1 = Unhealthy cluster; C2 = Intermediate cluster; C3 = Healthy cluster.

M.L. Popescu et al.                                                                                                                                                                                                                             Diabetes & Metabolic Syndrome: Clinical Research & Reviews 18 (2024) 103123 

6 



4.6. Strengths

The present study has a number of strengths, such as the multicenter 
design, the large sample size and the detailed and high quality infor-
mation collected by qualified interviewers. Another strength of our 
study is the determination of patterns using different statistical methods, 
both PCA and CA and the comparison of both. A strength that can be 
considered novel is the identification of a mixed pattern, consisting of 
people consuming both healthy and unhealthy foods. Also, this mixed 
pattern was determined using mathematical methods to determine the 
optimal number of clusters. Finally, sex-differentiated patterns are 
created, taking into account the differences between men and women.

5. Conclusions

The DPs identified by using two statistical techniques, PCA and CA, 
have had a high concordance, both in men and women. The finding of a 
majority intermediate pattern in the CA explains the tendency of this 
population to consume both healthy and unhealthy foods altogether. 
Adherence to both healthy and unhealthy DPs appears to be related to 
the development of MS, such that women who meet more criteria for MS 
adhere more to the healthy pattern than men. Therefore, to develop 
effective interventions for DPs modification, a sex-specific approach is 
necessary.

Funding

The PREDIMED-Plus trial was supported by the European Research 
Council (Advanced Research Grant 2013–2018, 340918) to Dr Martínez- 
González, and the official funding agency for biomedical research of the 
Spanish government, Instituto de Salud Carlos III, through the Fondo de 
Investigación para la Salud, which is cofunded by the European Regional 
Development Fund (5 coordinated Fondo de Investigación para la Salud 
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