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ABSTRACT: Introduction: Dietary patterns are based on the concept that food consumed together or by 
itself  is as important as food or nutrient intake. Objectives: To identify dietary patterns in a sample of  nursing 
professionals and to explore the differences between the patterns found using two techniques: principal 
components (PC) and principal factorial axis (PAF). Method: The current report was based on data from 
309 participants on a nursing team at a public hospital in Rio de Janeiro. A 24-hour dietary recall was used, 
resulting in 24 food groups. To identify the dietary patterns, we applied a multivariate analysis, specifically 
the PC and the PAF, followed by a Varimax orthogonal rotation. Results: The Cattell graphic test indicated 
three factors to be extracted. The communality varied between 0.41 and 0.76. Higher loads than 0.30 were 
considered in the pattern composition. The two methods identified similar dietary patterns, called traditional 
patterns. The other two patterns were nominated as healthy and snacks, having inverted position of  factors in 
the applied techniques. Conclusion: The observed differences refer to: the number of  food groups that enter 
the composition of  components and factors; the size of  the smaller loads in the PAF and the order of  the 
alimentary patterns, especially those derived from loads of  a smaller magnitude. However, these differences 
do not seem to impact the interpretability of  dietary patterns in this population.

Keywords: Feeding behavior. Statistical analysis. Factor analysis.

The identification of food patterns: a 
comparison of principal component and 
principal axis factoring techniques 
Identificação de padrões alimentares: comparação das 
técnicas de análise de componentes principais e de principais eixos fatoriais

Odaleia Barbosa de AguiarI , Ana Glória Godoi VasconcelosII , Patrícia Lima Dias BarreiroIII 

ORIGINAL ARTICLE / ARTIGO ORIGINAL

INutrition Institute, Department of Applied Nutrition, Universidade do Estado do Rio de Janeiro – Rio de Janeiro (RJ), Brazil.
IINational School for Public Health, Epidemiology Department, Oswaldo Cruz Foundation – Rio de Janeiro (RJ), Brazil.
IIINutrition Institute, Graduate program in Food, Nutrition and Health, Universidade do Estado do Rio de Janeiro – Rio de Janeiro 
(RJ), Brazil.
Corresponding author: Odaleia Barbosa de Aguiar. Rua Santa Luzia 10, 25 de Agosto, CEP: 25075-190, Duque de Caxias, RJ, 
Brazil. E-mail: odaleia@uerj.br 
Conflict of interests: nothing to declare - Financial support: Ministry of Health/Secretariat for Sanitary Surveillance – 25030.001 
2069/2012-76.

DOI: 10.1590/1980-549720190048

https://orcid.org/0000-0001-9951-042X
https://orcid.org/0000-0003-2413-3767
https://orcid.org/0000-0002-9613-7057


AGUIAR, O.B. ET AL.

2
REV BRAS EPIDEMIOL 2019; 22: E190048

INTRODUCTION

Research in nutritional epidemiology has long been interested in estimating habitual 
food intake in order to assess whether food consumption is in compliance with dietary rec-
ommendations and in order to relate it to health parameters. However, since 1969, interest 
has arisen in investigating the effect of  foods by thinking about how they are actually con-
sumed in various combinations, called dietary patterns1.

Dietary patterns are conceptually based on the fact that food consumed together is as 
important as the consumption of  food or nutrients alone. In addition, it has been an alter-
native approach to study the relationship between nutrition and disease2.

In the identification of  dietary patterns, statistical methods of  multivariate analysis have 
been used, among them principal components (PC) and exploratory factorial analyses. 
An important step in the application of  these methods is the factor extraction technique. 
Although several methods are available, “factor extraction using principal components” is 
the most common method applied in nutritional epidemiology3.

In general, food consumption data do not have a multivariate normal distribution and 
are subject to substantial errors regarding the habitual consumption estimates because indi-
viduals have difficulty in reporting their food intake accurately4. Thus, in the exploratory 
factorial analysis, the technique of  principal axis factoring (PAF)5,6 could be applied in the 
extraction of  factors, since, like PC, it does not assume a probability distribution that is 
associated with the food consumption variable. In addition, this technique allows for the 

RESUMO: Introdução: O padrão alimentar tem como base conceitual o fato de que os alimentos consumidos em 
conjunto são tão importantes quanto o consumo de alimentos ou nutrientes isoladamente. Objetivos: Identificar 
padrões alimentares em amostra de profissionais de enfermagem e explorar a diferença entre os padrões encontrados, 
utilizando para isso duas técnicas: componentes principais (CP) e principais eixos fatoriais (PAF). Método: O presente 
estudo foi baseado nos dados de 309 participantes de enfermagem de um hospital público do Rio de Janeiro. 
Foi utilizado o recordatório alimentar de 24 horas, resultando em 24 grupos alimentares. Para identificar os padrões 
alimentares, foram aplicadas as técnicas CP e PAF, seguidas da rotação ortogonal Varimax. Resultados: O gráfico 
de Cattell indicou três fatores a serem extraídos. A comunalidade variou de 0,41 a 0,76, considerando cargas 
maiores do que 0,30 na composição do padrão. Os dois métodos identificaram padrões alimentares semelhantes, 
destacando o primeiro padrão, tradicional, nas duas técnicas. Os outros dois padrões foram nomeados de saudável 
e lanche, tendo posição inversa nas técnicas aplicadas. Conclusão: As diferenças observadas referem-se: ao número 
de grupos alimentares que entram na composição dos componentes e dos fatores; à magnitude das cargas menores 
com PAF e à ordem dos padrões alimentares, especialmente aqueles derivados com cargas de menor magnitude. 
Essas diferenças, entretanto, parecem não impactar na interpretabilidade dos padrões alimentares nessa população.
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exclusion of  the portion of  food group (FG) variability that is considered to be a measure-
ment error, from the food standard identification process.

The present article aims to identify the dietary patterns in a sample of  nursing professionals 
and to explore the difference between the patterns found using two techniques, PC and PAF.

METHOD

DESIGN AND STUDY POPULATION

The data used in this study were obtained in the second phase of  the longitudinal study 
“Night work and risk factors for cardiovascular diseases: in nursing teams”, from February 
to July 2013, which was coordinated by the Laboratory of  Education in Environment and 
Health of  the Oswaldo Cruz Foundation (FIOCRUZ). It was approved by the Fiocruz Ethics 
Committee at the Oswaldo Cruz Institute (IOC) nº 635/11, of  2012.

Considering the sample size of  this study, with 309 participants and 24 FG, the ratio 
(309/24) is approximately equal to 12, therefore, it is higher than the appropriate limit(10) 
considered for the application of  the factorial method5.

GENERAL AND ANTHROPOMETRIC EVALUATION

Participants were invited to respond to a multidimensional questionnaire using a face-
to-face interview technique. Height was measured with the Alturexata stadiometer (Belo 
Horizonte, MG, Brazil), and body weight was measured with a Tanita scale (Tokyo, Japan).

FOOD CONSUMPTION ASSESSMENT

The 24-hour food recall (R24h) was answered on two non-consecutive days and with a seven-day 
interval, by all nursing professionals, with the support of a photo album of utensils and food portions7.

Culinary preparations, beverages and processed foods consumed in the period preceding 
the interview were recorded in household measurements, and the brands of  the product 
manufacturers were requested. To digitize the information, food and beverages were con-
verted to grams (g) and milliliters (mL), and were analyzed according to their nutritional 
composition and classified according to the groups described in the Table of  Measures for 
Food Consumption in Brazil (TMRAC)8. The composition of  the processed foods was ana-
lyzed according to the nutritional label available on the websites.

The R24h was entered once in excel spreadsheets. In order to perform quality control 
on the data, a comparison of  the entire original food recall was made, independently, by 
two nutritionists with the spreadsheet records.
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STRATEGIES FOR GROUPING FOODS IN ORDER TO MAKE FOOD GROUPS

The formation of  FG for standard analysis is not a trivial task. Considering that the 
food combinations result in the multivariate analysis variables, this is an important step in 
identifying patterns. This phase requires several attempts to combine the reported foods. 
The first basic rule in the formation of  FG is to look at the similarity of  the nutritional 
composition of  the foods9,10.

In addition to combining foods to form FG, another approach is to exclude food that does 
not fit the criterion of  nutritional similarity or low consumption frequency in the study pop-
ulation11,12. When grouping foods, the literature shows studies that vary from 2010 to 6713 FG, 
but the studies’ authors do not always make clear the method used for forming the groups.

The method of  grouping foods used in this study was performed respecting nutri-
tional similarity and the groups indicated in the TMRAC, resulting in 24 FG, out of  a list 
of  459 foods.

Before initiating the multivariate analysis, FG were subjected to the reduction of  intra-
personal variability of  information using Multiple Source Method (MSM) software, which 
aims to estimate the distribution of  usual consumption of  the population in question14.

STATISTICAL ANALYSIS

Initial assessment of the data’s suitability for the technique

The Kaiser-Meyer-Olkin index (KMO) was applied to evaluate the adequacy of  the data 
in relation to the factorial analysis. Acceptable values range from 0.50 to 1.00, but it is not 
a limiting parameter for the continuity of  the analysis14.

The Bartlett sphericity test evaluates the correlations between the variables and is very 
sensitive to the size of  the sample. In this test, we expect to reject the null hypothesis that 
the correlation matrix approaches an identity matrix15.

Number of components / factors to be extracted

The Cattell graph, Scree Plot, was used to identify the number of  factors to be extracted. 
In this graph the relation of  the eigenvalues (ordinate) with the number of  components 
(abscissa) is observed; the first point corresponds to the one with the highest eigenvalue, 
which is the first component to be withheld. The cutoff  point shown in the curve, known 
as an elbow, indicates that there is no relevant gain in terms of  variance, which is explained 
by adding more components in the analysis16,17. Ruscio and Roche18 argue that there is not 
always an elbow detected in the visual inspection, in case a subjective judgment in the iden-
tification of  the cut-off  point is required.
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Extraction of Factors/Components

The PC technique is widely used in food patterns analysis when compared to PAF19, 
however differences between these techniques are rarely discussed in the literature. The PC 
analysis is based on the total FG variance and does not distinguish between specific variance 
and common variance. On the other hand, in PAF, the specific part of  FG variability is not 
included in the derivation of  the factorial structure17. 

The specific part refers to the variance portion of  the FG that is not shared with any other 
one, which is unique to the FG in question. The common variance indicates the amount of  
FG variability that is shared with the others, known as commonality.

Since the PAF technique aims to reveal latent constructs (variables that cannot be directly 
observed) that explain the covariance between items, the specific variances (individual par-
cels of  items) that would not covariate with each other, are not considered in the model19.

Another aspect concerns loads (the correlation of  the variable with the component) and 
commonalities resulting from the application of  the two methods. In the PC, the loads and 
commonalities tend to be higher in relation to those obtained from the PAF. Consequently, 
the same occurs with regard to the percentage of  explained variance of  FG by the com-
ponents. On the other hand, these differences are less pronounced in situations where the 
share of  the common variance is high (compared to the specific variance) for most vari-
ables. According to Hair et al.15, in most cases, both PC and PAF attain the same results if  
the number of  variables exceeds 30 and if  the commonalities exceed 0.60, for most variables.

Costello and Osborne5 recommend being parsimonious in choosing the factorial analy-
sis technique, since there are several methods available that have their own objectives and 
assumptions, and the information on the strengths and weaknesses of  these techniques are 
not always presented clearly. Although the PC and the PAF are data reduction techniques, 
they reduce data in different ways with regard to the treatment given to the variance plots 
of  the variables contemplated in the analysis. In addition, the PC is not classified as a fac-
torial analysis technique, as it is more appropriate for dimensionality reduction purposes, 
whereas factorial analysis is more adequate when the objective is to identify latent struc-
tures or constructs5,20. 

In this study, dietary patterns were derived using the PC and PAF that were appropriate 
for data without a normal multivariate distribution. The loads and commonalities of  each 
food group were obtained, as well as the % of  explained variance.

In the interpretation of  eating patterns, the cut-off  point | 0.3 | was adopted. Thus, FG 
with loads > 0.3 directly contributed to the pattern, while FG with loads < -0.3 correlated 
negatively with the food pattern. In both methods, Varimax orthogonal rotation21 was 
applied. It was decided not to exclude FG with low loads, nor those with cross loads (above 
the cut-off  point in more than one component/factor), in order to compare FG behavior 
in both methods.

The Statistical Package for the Social Sciences software (SPSS) version 20.0 was used for 
determining and extracting the number of  components/factors.
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RESULTS

Regarding the characteristics of  the interviewees, the majority were female (85.8%) and 
had a mean age of  43.7 (standard deviation – SD = 11.5). Regarding race/skin color, 40.5% 
of  the professionals said they were white/yellow. The majority had completed a university 
degree (60.9%). The nursing assistant position had the highest concentration of  professionals 
(49.5%). Regarding the net family income, 1.3% were in the lower range (R$ 901 to 1,800) 
and 17.8% earned between R$ 5,401 and R$ 7,200. The nutritional diagnosis of  the nursing 
professionals indicated 63.8% were overweight.

The KMO test (0.52) and Bartlett (p <0.001) indicated acceptable values for applying the 
proposed techniques. The scree plot (Graphs 1 and 2) pointed out three components and 
an equal number of  factors.

In the PC technique, the three withdrawn components individually explain 8% of  the 
variance of  the food groups and, together, 23.47% of  the total variance (Table 1). The FGs 
with positive loads above 0.30 in the first component were rice (0.747), beans (0.702), pota-
toes (0.348), beef, pork and poultry (0.713), while the fish and seafood group (- 0.322) pre-
sented a negative load.

In the second component, the FG vegetables (0.444), greens (0.450), fruits (except for 
bananas and oranges) (.459), bananas and oranges (.379) were positively loaded. The fol-
lowing were negatively loaded: sweets and desserts (-0.297), cold cuts and sausages (-0.329), 
sugary and soy drinks (-0.549), and fast food and ready-made meals (-0.530).

In the third component, positive loads included sugar-added (0.661), white and whole-
grain breads (0.471), cakes and cookies (0.334) and tea and coffee (0.727). Negative loads 
were fruits (except for bananas and oranges) (-0.422). The conformation of  loads in the 
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Chart 1. A Scree Plot derived by the principal components in food groups among nursing 
professionals, Rio de Janeiro, 2013.
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components described previously suggests that the first component reflects traditional food 
patterns; the second component, healthy food patterns; and the third, snack food patterns.

Seven FG did not reach the cut-off  point, therefore they did not contribute to the inter-
pretation of  the food pattern derivatives for PC (legumes, and pea, garbanzo bean, and lentil 
soups; roots and tubers; cereal, popcorn, corn, granola; eggs; milk and cheese products; natu-
ral juices, and, finally, vegetable oils). The commonalities of  these FG were also low (< 0.20).

In the PAF technique, the three factors approximately explain 15% of  the total variance 
of  FG, 10% less variability in relation to the components. Individually, each factor accounts 
for 6 to 4.5% of  FG variance. Among the 24 food groups included, 14 presented no loads 
higher than the cutoff  point. In addition to the seven FG mentioned in the PC extraction, 
the following stand out: potatoes; bananas and oranges; sweets and desserts; fish and sea-
food; white and whole grain breads; cakes and cookies; cold cuts and sausages. In terms of  
commonalities, these FG had lower values (<0.15).

It should be emphasized that a greater number of  FG enters the standards derivation 
obtained by the PC. Differences between the techniques occur in FG with intermediate 
loads, values between | 0.3 | and | 0.15 | which have no relevance in the interpretation of  
patterns. For example, in the healthy pattern, eight groups had loads > | 0.3 | in the PC, 
while in the PAF, there were five groups. The following FG were excluded: bananas and 
oranges (0.243), sweets and desserts (-0.187) and cold cuts and sausages (-0.213).

Considering that the interpretation of  the food pattern is largely given by the loads with 
higher FG values, positively or negatively, it is observed that there is no difference in the 
methods in relation to the naming of  the pattern, while adopting this criterion. The two 
techniques identified similar eating patterns, highlighting the first pattern as the same, and 
thus termed the traditional one. The other two patterns were named as healthy and snacks, 
though not in the same order in applied techniques.
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Chart 2. A Scree Plot derived by principal components in food groups among nursing professionals, 
Rio de Janeiro, 2013.
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Groups PC PAF

Food Traditional Healthy Snacks Traditional Snacks Healthy

Rice .747 .096 .052  .661 .005 .105

Legumes -.154 .001 -.125 -.122 -.031 .006

Beans  .702 .098 .049  .599 -.014 .098

Potatoes  .348 -.134 .051 .233 .018 -.089 

Roots -.008 .226 .001 -.006 .018 .137

Cereals -.219 -.130 .081 -.118 -.013 -.104 

Vegetables and 
legumes

-.040  .444 -.124 -.047 -.026  .329 

Greens .094  .450 -.252 .020 -.093  .381 

Fruits -.194  .459 -. 422 -.233 -.200  .447 

Bananas and oranges -.027  .379 .130 .001 .064 .243

Sweets and desserts -.100  -. 297 .006 -.054 -.021 -.187 

Sugar .140 -.012  .661 .198  .403 -.096 

Fish and seafood  -. 322 .228 .029 -.224 .062 .142

Meat  .713 .051 .001  .583 -.051 .068

Eggs -.158 .153 -.010 -.104 .014 .099

Dairy products -.043 .205 .022 -.023 -.006 .137

Bread -.118 .127  .471 -.018 .251 .030

Cakes and cookies .036 -.218  .334 .077 .153 -.184 

Cold cuts and 
sausages

-.140  -. 329 -.008 -.088 -.052 -.213 

Sugary and soy drinks .050  -. 549 -.152 .039 -.182  -. 376 

Natural juices 
(without sugar)

.060 -.081 -.069 .034 -.087 -.046 

Vegetable oils .202 -.009 .187 .158 .067 -.021 

Fast food and ready-
made meals

.039  -. 530 -.058 .034 -.105  -. 378 

Tea and coffee .063 .294  .727 .136  .851 .167

KMO 0.55

Variance 8.532 7.982 6.957 6.000 4.564 4.425

% total variance 8.532 16.514 23.471 6.000 10.564 14.989

Table 1. Food patterns obtained in the principal component (PC) and principal axes factoring (PAF) 
techniques with varimax rotation among nursing professionals, Rio de Janeiro, 2013. 

Note: values in bold are of loads equal to or greater than | 0.3 | KMO: Kaiser-Meyer-Olkin.
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DISCUSSION

This study allowed us to compare derived dietary patterns by means of  two extraction 
techniques. It should be noted that the loads derived by the PC are higher in relation to 
those obtained by the PAF. Consequently, the parameters calculated by the PC will be higher 
when compared to those obtained from the PAF. The inclusion of  the specific variability 
plot in the derivation of  the structure explains these larger values of  the loads by the PC.

Among the 24 FG included in the analysis, seven presented no higher loads than the cutoff 
point in any of  the methods (legumes and soups, roots and tubers, cereals, eggs, dairy and 
milk products, natural juices, and finally, vegetable oils). From a more conservative perspec-
tive, it would be advisable to exclude them from the analysis, one at a time, and carry out 
a new analysis. For our purposes of  comparing techniques, we have decided to keep them.

In this study, in each method, the percentages of  the variance explained by the compo-
nents/factors are close. That is, it is observed that no component or factor explained a more 
relevant portion of  total variability than another. In general, the first component, or factor, 
explains a higher % of  the variability of  the original variables when compared to the oth-
ers. Such behavior did not occur in these data, possibly because the correlations between 
FG are of  moderate to low magnitude, which can be reflected in the borderline KMO test.

Arruda et al.2 analyzed an adult food pattern in the cohort of  Ribeirão Preto, São Paulo, 
and found a total variance explained of  20.92% in the extraction of  four factors. In the study 
by Olinto et al.22, with young adults from the city of  Pelotas, Rio Grande do Sul, analyzes of  
dietary patterns explained 15.7% of  the total variance. We found studies with an explained 
variance of  9%21, as well as studies with values greater than 39%23. We did not find, in the 
literature of  dietary patterns, parameters that point out the desired percentages of  variance 
explained. For Hair et al.15, 60% would be an acceptable value for accumulated variance, 
since the higher the cumulative percentage, the greater the variability of  the original data 
that will be preserved in later analyzes with the derived components.

In general, in our study, the loads derived by the PAF have a lower magnitude, but sim-
ilar patterns to those obtained by the PC. Groups with a greater load in a certain compo-
nent maintained this behavior in the PAF. Regarding the direction of  the association, the 
FG maintained the same meaning in the two extraction methods. A higher number of  FG 
presented a load below the cutoff  point in the PAF. The inversion between the healthy and 
snack food patterns versus the extraction techniques is noteworthy. Snacks appear as the 
third component in the PC, while in the PAF, it is the second factor. These results reflect 
the fact that the PAF is based on the portion of  variance shared with the others, exclud-
ing the specific portion. On the other hand, the low correlation between the FG may have 
contributed to this result by univariably indicating the FG that covariate or go together.

However, since it is possible to assume that the pattern of  correlations or covariates 
observed between the FG is due to cultural and behavioral processes combined with the 
sociodemographic characteristics of  the population, which cannot be directly observed, 
the FAP can be used for the purpose of  identifying the structure underlying the data that 
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generate the observed correlation pattern. This part of  the variability is explained by external 
sources, thus it is considered a measurement error in the food pattern identification process.

In the literature review, we did not find food pattern articles among nursing professionals 
in Brazil, which limited the possible comparisons with our findings. Fernandes et al.24, studying 
working days and health behavior among Brazilian nurses, in a population of  87.3% women, 
reported that, compared to female nurses, male nurses had less healthy health behaviors, such 
as: a higher consumption of  alcoholic beverages, coffee and fried foods, and a lower consump-
tion of  fruits and vegetables. In this context, where the majority of  the participants in our study 
were also female, it is possible to assume that the first traditional food pattern in both tech-
niques seems to indicate that nursing professionals adopt the same food pattern as the Brazilian 
population. In the 2008-2009 National Food Survey (Inquérito Nacional de Alimentação – INA), 
food consumption was determined to be rice, coffee, beans, bread, and beef25.

Sichieri et al.11 analyzed data from the Life Standards Survey (Pesquisa sobre Padrões de 
Vida – PPV) in the Northeast and Southeast regions of  Brazil, identifying in the traditional 
pattern, rice, beans, flour and sugar, foods that represent the food culture of  the Brazilian 
population. Results similar to ours were found in studies by Gimeno et al.10 and Arruda 
et al.2, both in Ribeirão Preto, in which the popular/traditional pattern included beans, 
cereals, vegetable fat and beef.

In the so-called healthy pattern are vegetables and legumes, greens, fruits (except 
bananas and oranges) and bananas and oranges. Arruda et al.2 describe the healthy pattern 
as vegetables, fruits, peas and other legumes, fish, cassava and polenta, chicken and cereals. 
Gimeno et al.10 describe the health pattern as greens, fruits and skimmed dairy products. 
The low participation of  fruits and vegetables in the Brazilian basic diet was pointed out in 
the INA 2008-2009 survey.

Our findings showed added sugar, white and whole-grain breads, cakes and cookies, 
and tea and coffee in the snacks pattern. In the analyzes of  Hoffmann et al.26, the snacks 
pattern was made up of  cake, pizza, and cuca. The change in eating patterns seems to be a 
result of  work routines added to food outside the home. In this sense, the consumption of  
fast food, the use of  processed foods and the easy availability of  these foods contribute to 
the consumption of  them27.

In the comparison of  the patterns identified in this study with those of  other stud-
ies2,10-12,22,23,26, there is similarity between most of  the foods, but the authors subjectively 
name the pattern differently, choosing diverse FG as markers in naming the pattern, thus 
making it difficult to compare the findings. It is assumed that the corresponding traditional 
pattern of  the Brazilian population is the most commonly described.

CONCLUSION

Much is discussed about the characteristics of  the methods of  factor extraction in the 
specialized literature, but we did not locate studies empirically comparing the performance 
of  these techniques in the identification of  dietary patterns. In this study, the observed 
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differences refer to the number of  FG that enter the composition of  the components and 
factors, the magnitude of  the smaller loads with FAP, and the order of  the food patterns, 
especially those derived with loads of  a smaller magnitude. These differences, however, 
do not seem to impact the interpretability of  the food patterns of  the nursing team pop-
ulation evaluated. In the context where FG show a high correlation with the portion of  
common variability representing the greatest part of  the total variance, the derived pat-
terns tend to resemble each other.
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