
Introduction

Factor analysis, originated in psychometrics, is com-
monly used in socio-economic studies. The scope of
this multivariate statistical method is to describe the va-
riance-covariance structure among a potentially large
set of variables in terms of a few underlying, unob-
servable and randomly varying factors (1).
Single nutrients and foods are consumed in combina-
tion and their joint effects may be better investigated

by considering the key aspects of the whole eating pro-
file. The application of factor analysis in nutritional epi-
demiology may allow to identify those dietary patterns
that overall represent the whole eating profile of a gi-
ven population. A set of different nutrients, foods or food
groups represents the variables, different subjects are
the observations, and the so-called dietary patterns are
the factors summarizing dietary information. This is of
interest particularly when many dietary components are
relevant for a disease. 
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Summary
Objectives. Our aims are to describe the steps through which we identified nutrient-based dietary patterns using factor ana-
lysis, and to compare results from three different factor analysis solutions. 
Methods. We derived data from an Italian case-control study of gastric cancer, including 230 cancer cases and 547 frequency
matched controls. We applied exploratory principal component factor analyses on a selected set of 28 micro- and macro-
nutrients. We estimated odds ratios and corresponding 95% confidence intervals using conditional multiple logistic regres-
sion models.
Results. The cumulative explained variances were 75%, 80%, 84% for the four-, five-, and six-factor solutions, respective-
ly. The patterns shared across the three solutions were named: Animal products, Vitamins and fiber, Starch-rich, and Vege-
table unsaturated fatty acids. Consistent associations emerged between the identified patterns and gastric cancer, but their
significance varied across the three solutions.
Conclusions. All of the solutions were characterized by a fair proportion of total variance explained and had an appealing
interpretation. The four-factor solution led to a higher number of retained factors significantly related to gastric cancer, whe-
reas the five-factor solution identified an extra pattern with a consistent interpretation. The six-factor solution may not be
adopted, since it showed a pattern based only on a single nutrient.
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Nevertheless, factor analysis combines both metho-
dological and subjective aspects, so the investigators
have to make many arbitrary decisions.
In this paper, we describe the steps through which we
identified nutrient-based dietary patterns in the context
of a case-control study of gastric cancer conducted in
northern Italy. We also evaluated a potential associa-
tion between the identified dietary patterns and gastric
cancer. We compared results derived from three factor
analysis solutions, characterized by a different number
of retained factors.

Methods

Design and participants
We derived data from a case-control study of gastric
cancer conducted between 1997 and 2007 in the
Greater Milan area, Italy (2). Briefly, cases were 230
patients (143 men and 87 women; median age 63 ye-
ars, range 22-80 years), admitted to major teaching and
general hospitals in the study area with incident, hi-
stologically confirmed gastric cancer (ICD IX, 151.0-
151.9), diagnosed no longer than 1 year before the in-
terview, and with no previous diagnosis of cancer. The
control group included 547 patients (286 men and 261
women; median age 63 years, range 22-80 years) fre-
quency matched to cases by age and sex (with a ratio
of 2:1 for men, and 3:1 for women), admitted to the
same hospitals as cases for a wide spectrum of acute,
non neoplastic conditions, unrelated to known or po-
tential risk factors for gastric cancer and long term diet
modification. 
For both cases and controls, data were collected during
their hospital stay by centrally trained interviewers. The
questionnaire included information on socio-demo-
graphic characteristics, anthropometric measures, se-
lected lifestyle habits, such as tobacco smoking and al-
cohol consumption, a personal medical history and a
family history of cancer. A satisfactorily reproducible
(3) and valid (4) food frequency questionnaire (FFQ)
was used to assess the patients’ usual diet in the two
years preceding diagnosis (for cases) or hospital ad-
mission (for controls). The FFQ included questions on
78 foods and beverages, including a range of the most
common recipes in Italian diet. Subjects were asked to
indicate the average weekly raw frequency and corre-
sponding portion size (small, medium, large) of con-
sumption for each dietary variable. To estimate micro-

and macro-nutrients, an Italian food composition da-
tabase was used, integrated with other sources, when
needed (5, 6).

Factorability of the original matrix
We identified a preliminary set of 28 variables, selec-
ted among micro- and macro-nutrients for potential ap-
plication of factor analysis. Throughout the literature
a strong correlation among nutrients is widely docu-
mented (7).
We calculated the correlation matrix R of the original
data to assess its factorability. We checked variables that
were:
1) too highly correlated (r ≥ 0.80); this reflects pro-

blems of multicollinearity, so that one or more of
these variables would be dropped from the analy-
sis;

2) not sufficiently correlated (r < 0.30) with one ano-
ther; this means these variables will not share much
of the common variance, thus potentially leading
to solutions with as many factors as variables. 

Then, we evaluated matrix factorability through stati-
stical procedures. Measures of sampling adequacy that
compare the simple and partial correlation coefficients
may be defined either overall or for single variables.
The overall measure, called Kaiser-Meyer-Olkin sta-
tistic (KMO), is defined as follows (8):

where ∑∑ are the sum over all variables in the matrix
when variable i =/ variable j, rij

is the Pearson correla-
tion coefficient between i and j, and aij the partial cor-
relation coefficient between i and j. Individual measu-
res of sampling adequacy are computed using only the
simple and partial correlation coefficients involving the
specific variable under consideration. The overall and
individual measures range between 0 and 1. Smaller va-
lues indicate that the squared pearson correlation co-
efficient is small relative to the squared partial corre-
lation coefficient and therefore a factor analysis may be
imprudent. If the sum of the squared partial correlation
coefficients is small compared with the sum of the squa-
red correlation coefficients, the measures approach 1.
Bartlett’s test of sphericity tests the null hypothesis
that the correlation matrix is an identity matrix. It is
a chi-square test (8), whose statistic is defined as fol-
lows:
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where χ2 is the calculated chi-square value for Bartlett’s
test, N is the sample size, k is the number of variables
in the matrix and |R| the determinant of the correlation
matrix. The degrees of freedom for this chi-square sta-
tistic are k(k–1)/2. Larger values of the test suggest that
the null hypothesis should be rejected. 
Since Bartlett’s test statistic depends explicity on the sam-
ple size, N, for larger samples this test tends to indica-
te that the correlation matrix is not an identity matrix.
For this reason, it should be used only as a minimum stan-
dard for assessing the quality of the correlation matrix. 
We performed this test using the statistical software R
(9).

Identification of factors through factor analysis
We applied exploratory principal component factor ana-
lyses (PCFA) on the overall original dataset. The ana-
lyses were conducted using the PROC FACTOR pro-
cedure, provided by SAS software, version 9.1 (SAS
Institute, Inc., Cary, NC). This approach assumes that
the variables included in the analysis can be calcula-
ted by the extracted components or factors. Because
each standardized variable has a mean of 0 and variance
of 1, the initial estimate of communality for each va-
riable is 1. This is what will be placed initially on the
diagonal of the correlation matrix. The first principal
component is a linear combination of the original va-
riables, such that it explains the maximum amount of
the variance among the variables. After the first ex-
traction, a residual correlation matrix is created. This
matrix contains the variances not explained by the first
factor on the diagonal and the partial correlations of the
variables with each other after extracting the first fac-
tor on the off-diagonal. The second one is extracted from
this residual matrix, so it will be uncorrelated to the first
one. This process of extracting principal components
is repeated on subsequent residual matrices, until the
elements in the residual variance-covariance matrix are
reduced to random error.

Choosing the number of factors to retain
A crucial aspect of factor analysis is the choice of the
number of factors to retain. The choice was based on
three main criteria. The first one is to retain those fac-
tors with eigenvalues greater than 1. In SAS, we choo-
se the option MINEIGEN=1, so that the unity repre-
sents the smallest eigenvalue for which a factor is re-

tained. The second criterion is to add successive fac-
tors until the cumulative percentage of variance ex-
plained by the retained factors is satisfactory. To ter-
minate the factor extraction process, we considered 75-
80% to be a valid threshold for the cumulative variance
extracted. The third one, suggested by Cattell (10), is
to plot, by the option SCREE in SAS, the extracted fac-
tors against their eigenvalues in descending order of ma-
gnitude to identify distinct breaks in the slope of the
plot, called “scree plot”. To determine where the bre-
ak occurs, a straight line should be drawn with a ruler
through the lower values of the plotted eigenvalues. That
point where the factors curve above the straight line
drawn through the smaller eigenvalues identifies the op-
timal number of factors to retain.
Finally, to determine the number of factors to retain,
a researcher should also consider factor interpretabi-
lity. In nutritional epidemiology, the identified factors
represent potentially uncorrelated dietary habits that,
considered altogether, summarize the overall dietary pro-
file of a given population.
In the following we will present results coming from
three different solutions: four-, five- and six-factor. We
will compare them in terms of eigenvalues, explained
variances, scree plot, and factor interpretation. 

Estimating factor scores
Factor scores were estimated for each subject and fac-
tor. They indicate the degree to which each subject’s
diet conforms to one of the identified factors (11). In
the main analysis we calculated them using the weighted
least square method, where variables that have lower
loadings on the factor are given less weight than tho-
se with higher loadings, in the calculation of factor sco-
res.

Rotating the identified factors
To improve the interpretation of the generated factors,
suggestions have been made to rotate them. If a rota-
tion is not performed, the first unrotated factor is most
often a general factor on which most variables load hi-
ghly in absolute value. The rotation consists in turning
the reference axes of the factors about their origin to
achieve a simple structure where variables should load
highly (in absolute value) on one factor only, and each
factor should have high absolute loadings only on some
of the variables.
There are two types of rotation: orthogonal and obli-
que. In the first one, pairs of axes are kept at right an-
gles (90°) to one another during rotation, so that they
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are still uncorrelated after rotation. In the second one,
each axis may be rotated independently, so that they
are not necessarily perpendicular after rotation.
We preferred forms of orthogonal rotation. This is a cru-
cial aspect in nutritional epidemiology, where one may
deal with severe multicollinearity problems. Another
property of orthogonal rotation is that the amount of
total variance accounted for by the factors under con-
sideration is unaffected by the rotation itself (12).
In detail, we performed a varimax rotation that consists
in rotating the axes to orientations that maximize va-
riances of the loadings within the factors, while ma-
ximizing differences between the high and low loadings
on a particular factor.

Naming the identified factors
To name the identified factors, we considered only tho-
se ones having factor loadings greater or equal to |0.63|
on a given factor. The contribution that a factor gives
to a nutrient’s sample variance is equal to the square
of its loading on that factor, so if we choose a |0.63|
cut-off, we expect a minimum contribution of the fac-
tor on the nutrient’s variance of approximately 0.40
(11).

Evaluating the identified solution 
To determine the internal consistency of the identified
factors we considered those variables having rotated fac-
tor loading greater or equal to |0.40| on any factor, and
we examined Cronbach’s coefficient alphas (α) (8, 13).
We also calculated standardized Cronbach’s coefficient
alpha when variable deleted for each factor and for each
variable. This measure of reliability represents the pro-
portion of total variance in a given scale that can be at-
tributed to a common source. 
The general formula for α is given as follows:

where k is number of variables, ∑σi
2 is the sum of the

variances of the variables and ∑σij is the sum of the co-
variances of all possible pairs of variables. 
When the variances of the items are all equal, the for-
mula for standardized coefficient is given as follows:

where r-ij
is the average correlation among the k varia-

bles. Values for α should range between 0 and 1. If the-
re is little correlation among the variables, α will equa
l to 0. The higher the correlation among the variables,
the higher will be the value of α. Its value is influen-
ced not only by the size of the correlation among the
variables but also by the number of variables in the set.
Indeed, increasing the number of variables will increase
the size of α, even when the correlations among the va-
riables are small.
To evaluate the robustness of the factors identified with
PCFA, we carried out a series of checks on the iden-
tified solution. First, we applied another solution me-
thod for factor analysis, specifically principal axis fac-
toring (PAF). Briefly, it consists in adopting the squa-
red multiple correlation coefficients of each variable
with all the other ones as an estimate of the initial com-
munality. Then, the analysis is undertaken in the
same way as that outlined for PCFA. This approach gave
essentially the same results as PCFA. Second, we per-
formed subgroup analysis by sex and quinquennia of
period of interview. Third, we calculated factor scores
applying the multiple regression method, as follows:

F̂
ij = estimated standardized score for respondent i on

factor j
W

jk = factor score coefficient for variable k on factor j
and standardizing the results (11).
The correlations between scores referring to the same
factor calculated with different methods were 0.99 for
all the comparisons. Fourth, to confirm internal re-
producibility of the identified factors, individuals
were randomly placed into one of two equally sized
groups, or split-samples, and factor analysis was per-
formed separately in both split-samples using the same
approach of the main analysis. Each split sample con-
tained cases selected by chance together with the cor-
responding matched controls. We also performed a sta-
bility analysis, where split samples were created se-
parately within quinquennia of period of interview.

Risk estimate
For each solution (four-, five- and six-factor), partici-
pants were grouped into 4 categories according to quar-
tiles of factor scores calculated among the control po-
pulation. We estimated the odds ratios (OR) and the cor-
responding 95% confidence intervals (CI) for each quar-
tile, using conditional multiple regression models
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(14) conditioned on age and sex, and adjusted for quin-
quennia of period of interview, education, body mass
index, tobacco smoking and family history of stomach
cancer. We fitted a composite model allowing for all
the identified factors simultaneously. We also fitted se-
parate models for each factor and obtained compara-
ble results. Tests for linear trend were also calculated
assigning to each subject the median value of each fac-
tor within the quartile class. 

Results

Identification of dietary patterns
The correlation matrix of the selected nutrients resul-
ted to be amenable to factor analysis (15). From visual

inspection of the matrix, all the nutrients showed at le-
ast ten correlation coefficients above 0.30 in absolute
value, with retinol and vitamin D having a more limi-
ted number of correlations above 0.30 in absolute va-
lue. The KMO statistic was equal to 0.82, suggesting
that we have a good sample size relative to the num-
ber of nutrients. The individual measures of sampling
adequacy were generally very high, suggesting that ove-
rall the correlations among the individual nutrients were
strong enough to proceed with a factor analysis. Ac-
cordingly, Bartlett’s test was highly significant (p-va-
lue<0.0001). We then decided to carry out the analy-
ses on the entire set of originally selected nutrients.
Given the satisfactory results obtained by the com-
plementary checks, we carried out a factor analysis with
principal component method on the overall sample and
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Table 1. Factor loading matrix1, communalities and explained variances from principal component factor analysis: four-fac-
tor solution.

1 Loadings greater or equal to 0.63 (in absolute value) were shown in bold typeface; loadings smaller than 0.10 (in absolute value) were
not shown.

Nutrient Factor 1 Factor 2 Factor 3 Factor 4 Communality

Animal protein 0.80 0.10 0.41 0.23 0.873
Vegetable protein 0.15 0.39 0.29 0.80 0.902
Cholesterol 0.72 - 0.41 0.30 0.780
Saturated fatty acids 0.56 0.15 0.50 0.41 0.758
Monounsaturated fatty acids 0.20 0.29 0.72 0.28 0.730
Linoleic acid 0.19 0.16 0.71 0.33 0.677
Linolenic acid 0.33 0.27 0.68 0.34 0.763
Other polyunsaturated fatty acids 0.48 - 0.75 - 0.791
Soluble carbohydrates 0.40 0.66 - 0.17 0.625
Starch 0.18 0.11 0.26 0.88 0.892
Sodium 0.41 - 0.16 0.80 0.846
Calcium 0.65 0.34 - 0.28 0.622
Potassium 0.42 0.76 0.29 0.28 0.908
Phosphorus 0.70 0.37 0.31 0.45 0.922
Iron 0.42 0.48 0.39 0.37 0.705
Zinc 0.63 0.29 0.45 0.47 0.913
Thiamin 0.53 0.51 0.30 0.45 0.827
Riboflavin 0.76 0.47 0.10 0.26 0.877
Vitamin B6 0.53 0.58 0.41 0.29 0.871
Total folate 0.40 0.71 0.22 0.28 0.796
Niacin 0.54 0.37 0.47 0.21 0.693
Vitamin C 0.12 0.85 0.13 -0.11 0.763
Retinol 0.47 - - - 0.223
Beta-carotene equivalents - 0.67 0.20 - 0.494
Lycopene - 0.26 0.49 0.32 0.417
Vitamin D 0.54 - 0.54 -0.23 0.635
Vitamin E - 0.53 0.74 0.22 0.877
Total fiber - 0.85 0.15 0.31 0.845

Proportion of variance explained (%) 21.67 20.30 18.02 15.10
Cumulative variance explained (%) 21.67 41.97 59.99 75.09
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calculated factor scores applying the weighted least
squares method.
Tables 1, 2, 3 present the factor loading matrix for the
four-, five-, and six-factor solutions, respectively. The cu-
mulative percentages of variance explained by these fac-
tor solutions were approximately equal to 75%, 80% and
84%, respectively, with single factors accounting for a
minimum of about 6% to a maximum of about 22% of
the total variance. The communalities generally indicate
that the retained factors account for a large percentage
of the sample variance of each variable. Retinol, beta-
carotene equivalents and lycopene nutrients presented
the lowest values of communalities across the three fac-
tor solutions. Retinol reached a satisfactory value in the
six-factor solution, in accordance with the presence of
a sixth factor where it loaded highly.

The larger the loading of a given nutrient to the factor,
the greater the contribution of that nutrient was on that
factor. In each table, all the examined nutrients showed
at least one loading greater than 0.30 on any dietary pat-
tern, thus confirming a role for each nutrient in the ori-
ginal set. 
Table 4 compared the three selected solutions, providing
names for the identified factors in terms of those nutrients
having factor loadings greater or equal to |0.63|. The Ani-
mal products pattern was characterized by a consistent
core of selected nutrients given by calcium, riboflavin,
animal protein and phosphorus (five-factor solution), in-
tegrated by cholesterol and zinc, in the four-factor so-
lution, and by saturated fatty acids, in the six-factor so-
lution. The Vitamins and fiber pattern was consistent
across the three solutions, with the greatest loadings on

Table 2. Factor loading matrix1, communalities and explained variances from principal component factor analysis: five-fac-
tor solution.

1 Loadings greater or equal to 0.63 (in absolute value) were shown in bold typeface; loadings smaller than 0.10 (in absolute value) were
not shown.

Nutrient Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communality

Animal protein 0.11 0.63 0.21 0.32 0.57 0.878
Vegetable protein 0.36 0.15 0.85 0.24 0.11 0.950
Cholesterol - 0.55 0.30 0.32 0.53 0.780
Saturated fatty acids 0.13 0.62 0.28 0.59 0.24 0.880
Monounsaturated fatty acids 0.27 0.19 0.24 0.75 0.22 0.777
Linoleic acid 0.14 0.23 0.26 0.77 0.16 0.757
Linolenic acid 0.25 0.37 0.25 0.75 0.20 0.871
Other polyunsaturated fatty acids - - 0.11 0.47 0.78 0.850
Soluble carbohydrates 0.65 0.42 0.13 - 0.11 0.634
Starch - 0.21 0.90 0.22 - 0.926
Sodium - 0.49 0.75 0.19 0.10 0.846
Calcium 0.31 0.83 - 0.21 - 0.837
Potassium 0.76 0.31 0.32 0.22 0.30 0.913
Phosphorus 0.36 0.63 0.41 0.29 0.38 0.928
Iron 0.49 0.22 0.48 0.23 0.45 0.767
Zinc 0.29 0.47 0.51 0.34 0.50 0.922
Thiamin 0.50 0.47 0.44 0.26 0.31 0.827
Riboflavin 0.46 0.71 0.21 - 0.35 0.889
Vitamin B6 0.59 0.33 0.37 0.27 0.48 0.894
Total folate 0.71 0.31 0.32 0.15 0.27 0.804
Niacin 0.39 0.18 0.38 0.20 0.68 0.834
Vitamin C 0.85 - - 0.12 - 0.763
Retinol 0.10 0.20 0.12 -0.17 0.47 0.310
Beta-carotene equivalents 0.67 - - 0.23 - 0.503
Lycopene 0.27 -0.23 0.46 0.33 0.27 0.517
Vitamin D - 0.10 - 0.25 0.79 0.713
Vitamin E 0.51 - 0.18 0.78 0.14 0.929
Total fiber 0.84 - 0.34 0.15 - 0.850

Proportion of variance explained (%) 19.93 15.50 15.32 14.61 14.46
Cumulative variance explained (%) 19.93 35.43 50.75 65.36 79.82
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vitamin C, total fiber, potassium, total folate, beta-ca-
rotene equivalents and soluble carbohydrates. The
Starch-rich pattern was also consistent across the three
solutions, with the greatest loadings on starch, vegeta-
ble protein and sodium. The Vegetable unsaturated fat-
ty acids (VUFA) pattern was characterized by a consi-
stent core of selected nutrients given by vitamin E, li-
noleic acid, linolenic acid and monounsaturated fatty
acids, with other polyunsaturated fatty acids included
in the four-factor solution only, and in the successive
solutions included in the Animal unsaturated fatty acids
(AUFA) pattern. The AUFA pattern was consistent across
the two solutions where it was present, with the grea-
test loadings on vitamin D, other polyunsaturated fat-
ty acids and niacin. Finally, the Retinol pattern, selec-
ted in the six-factor solution only, had only one nutrient

with a loading greater or equal to 0.63, that is retinol.
Table 5 gives the values of the standardized Cronba-
ch’s coefficient alpha for each factor. They were cal-
culated considering only those nutrients that loaded
greater or equal to |0.40| on any factor. Standardized
Cronbach’s coefficient alphas were generally very high,
indicating that more than 90% of the variance of the
total scores on these subscales for each factor can be
attributed to reliable, systematic variance. Only the Re-
tinol pattern in the six-factor solution showed a modest
coefficient alpha of about 0.67. Moreover, most stan-
dardized coefficient alpha when item deleted, were lo-
wer than the corresponding standardized coefficient al-
pha for the factor, although the differences were ge-
nerally limited (data not shown). These findings indi-
cate that almost all of the nutrients were contributing
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Table 3. Factor loading matrix1, communalities and explained variances from principal component factor analysis: six fac-
tor solution.

1 Loadings greater or equal to 0.63 (in absolute value) were shown in bold typeface; loadings smaller than 0.10 (in absolute value) were
not shown.

Nutrient Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Communality

Animal protein 0.11 0.69 0.21 0.25 0.55 0.10 0.903
Vegetable protein 0.35 0.17 0.85 0.24 - - 0.950
Cholesterol - 0.58 0.29 0.31 0.45 0.25 0.782
Saturated fatty acids 0.11 0.64 0.28 0.57 0.23 - 0.880
Monounsaturated fatty acids 0.26 0.19 0.23 0.76 0.25 - 0.796
Linoleic acid 0.12 0.22 0.25 0.79 0.19 - 0.785
Linolenic acid 0.23 0.37 0.24 0.77 0.21 - 0.892
Other polyunsaturated fatty acids - 0.14 0.13 0.37 0.83 - 0.863
Soluble carbohydrates 0.66 0.45 0.14 - 0.10 - 0.669
Starch - 0.23 0.90 0.23 - - 0.927
Sodium - 0.50 0.74 0.19 - - 0.848
Calcium 0.31 0.85 - 0.19 - - 0.862
Potassium 0.76 0.36 0.33 0.19 0.30 - 0.931
Phosphorus 0.35 0.67 0.41 0.26 0.34 0.11 0.939
Iron 0.48 0.23 0.47 0.25 0.36 0.29 0.779
Zinc 0.28 0.50 0.51 0.31 0.45 0.18 0.924
Thiamin 0.49 0.51 0.45 0.24 0.27 - 0.836
Riboflavin 0.44 0.69 0.18 0.17 0.18 0.40 0.923
Vitamin B6 0.58 0.37 0.37 0.24 0.45 0.15 0.899
Total folate 0.69 0.28 0.30 0.24 0.13 0.39 0.869
Niacin 0.39 0.23 0.39 0.16 0.63 0.24 0.836
Vitamin C 0.85 - - 0.11 0.10 - 0.767
Retinol - - - - 0.11 0.95 0.930
Beta-carotene equivalents 0.66 - - 0.27 - - 0.515
Lycopene 0.27 -0.18 0.48 0.25 0.36 -0.11 0.543
Vitamin D 0.10 0.19 - 0.10 0.85 - 0.789
Vitamin E 0.50 - 0.18 0.79 0.19 - 0.948
Total fiber 0.84 0.10 0.35 0.15 - - 0.856

Proportion of variance explained (%) 19.36 16.77 15.27 13.93 12.80 5.60
Cumulative variance explained (%) 19.36 36.13 51.40 65.33 78.13 83.73
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to a high reliability, and none of the nutrients appre-
ciably reduced the value of coefficient alpha when re-
moved from the factor.

Gastric cancer risk estimate
A relevant use of the dietary patterns obtained by the
three different factor solutions is in the estimation of
a potential association between them and gastric can-
cer risk. 
Table 6 gives the OR and the corresponding CI for ga-
stric cancer according to quartiles of factor scores for
the four- five- and six-factor solutions, respectively. Re-
sults refer to the composite model including all the four
patterns simultaneously, and the same confounding va-
riables as well. In the four-factor solution, we obser-
ved an increased risk of gastric cancer with the Ani-
mal products pattern (OR=2.13, 95% CI: 1.34, 3.40,
for the highest vs the lowest quartile of factor score;
p-value for trend: 0.0003), and the Starch-rich one
(OR=1.67, 95% CI: 1.01, 2.77; p-value for trend:
0.046). In contrast, the Vitamins and fiber pattern was

inversely associated with gastric cancer, with an OR
of 0.60 (95% CI: 0.37, 0.99; p-value for trend:
>0.05), and the VUFA pattern was not significantly in-
versely related to it. Considering the five-factor solu-
tion, there was a significant positive association bet-
ween the AUFA pattern and gastric cancer risk
(OR=1.81, 95% CI: 1.13, 2.90; p-value for trend: 0.03).
Also the Animal products (OR=1.50, 95% CI: 0.93,
2.40; p-value for trend: >0.05) and the Starch-rich pat-
terns (OR=1.47, 95% CI: 0.89, 2.42; p-value for trend:
>0.05) were positively related to gastric cancer risk,
but these associations were not significant. For the Vi-
tamins and fiber and VUFA patterns, no significant in-
verse association emerged. The six-factor solution sho-
wed that the Animal products and the AUFA patterns
were significantly positively related to gastric cancer,
with OR=1.61, 95% CI: 1.01, 2.57 and OR=1.69, 95%
CI: 1.04, 2.76, respectively. No significant association
emerged for the Vitamins and fiber, Starch-rich,
VUFA and Retinol patterns. Test for trend was signi-
ficant for the Animal products pattern (p-value=0.04)
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Table 6. Odds ratios (OR)1 of gastric cancer and corresponding 95% confidence intervals (CI) on quartiles of factor scores
from principal component factor analysis: four-, five-, six-factor solutions.

1 Estimates from conditional multiple logistic regression models conditioned on age and sex and adjusted for quinquennia of interview, ed-
ucation, body mass index, tobacco smoking and family history of gastric cancer. Results refer to the composite model including all the four
factors simultaneously.
2 Reference category.
3 p-value for linear trend.
4 VUFA: Vegetable unsaturated fatty acids; AUFA: Animal unsaturated fatty acids.

Quartile category, OR (95% CI)

Dietary pattern I2 II III IV ptrend
3

Four-factor solution
Animal products 1 1.08 (0.64-1.80) 1.47 (0.90-2.40) 2.13 (1.34-3.40) 0.0003
Vitamins and fiber 1 0.84 (0.53-1.32) 1.00 (0.64-1.56) 0.60 (0.37-0.99) 0.0861
VUFA4 1 0.84 (0.53-1.34) 0.89 (0.56-1.42) 0.89 (0.56-1.42) 0.7325
Starch-rich 1 1.37 (0.83-2.25) 1.37 (0.82-2.28) 1.67 (1.01-2.77) 0.0463

Five-factor solution
Vitamins and fiber 1 0.99 (0.63-1.55) 0.99 (0.63-1.56) 0.69 (0.42-1.14) 0.1625
Animal products 1 1.30 (0.80-2.11) 1.01 (0.62-1.65) 1.50 (0.93-2.40) 0.1246
Starch-rich 1 1.09 (0.66-1.82) 1.55 (0.96-2.52) 1.47 (0.89-2.42) 0.0557
VUFA4 1 0.92 (0.58-1.45) 0.76 (0.48-1.22) 0.71 (0.44-1.14) 0.1396
AUFA4 1 1.43 (0.88-2.31) 1.03 (0.62-1.71) 1.81 (1.13-2.90) 0.0302

Six- factor solution 
Vitamins and fiber 1 1.10 (0.70-1.72) 0.90 (0.56-1.44) 0.76 (0.45-1.27) 0.2312
Animal products 1 1.19 (0.73-1.94) 1.25 (0.77-2.04) 1.61 (1.01-2.57) 0.0448
Starch-rich 1 1.11 (0.66-1.86) 1.62 (0.99-2.64) 1.61 (0.98-2.65) 0.0673
VUFA4 1 1.22 (0.77-1.93) 0.91 (0.57-1.46) 0.77 (0.47-1.26) 0.2028
AUFA4 1 1.38 (0.84-2.26) 1.33 (0.82-2.18) 1.69 (1.04-2.76) 0.1401
Retinol 1 1.23 (0.75-2.02) 1.30 (0.76-2.20) 1.47 (0.92-2.36) 0.0300
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and for the Retinol pattern (p-value=0.03). Consistent
results were observed for the single models including
one dietary pattern at a time.

Conclusions

The application of factor analysis in nutritional epi-
demiology has become increasingly popular in the last
fifteen years, as a way to overcome both conceptual and
methodological problems inherent to the definition of
diet as an exposure measure. In the current paper, we
described the steps through which we applied this me-
thod to a set of nutrients derived from an Italian case-
control study of gastric cancer. There are many deci-
sions that must be taken in any factor analysis. Probably
the most important one is the choice of the number of
factors to retain. Most often, this final choice is based
on some combination of factor eigenvalue greater or
equal to 1, proportion of sample variance, and factor
interpretability. The simultaneous use of more than one
criterion may avoid specifying a higher number of fac-
tors to retain. 
In the current paper, we presented three alternative so-
lutions, with four- five- and six-factors. All of them ex-
plained a fair proportion of the total variance of the ori-
ginal nutrients and had an appealing interpretation. In
the six-factor solution, we retained a pattern based only
on a single nutrient. This could be a reason not to choo-
se this solution.
We also estimated the association between dietary pat-
terns and gastric cancer risk. The Animal products pat-
tern was positively related to gastric cancer in all the
three solutions, although it was not statistically signi-
ficant in the five-factor one. The Vitamins and fiber and
Starch-rich patterns were inversely associated with ga-
stric cancer, but the ORs were significant only in the
four-factor solution. The VUFA pattern was not si-
gnificantly associated to gastric cancer in any factor so-
lution. There was a significant positive association with
the AUFA pattern in the five- and six-factor solutions.
The four-factor solution led to a higher number of re-
tained factors significantly related to gastric cancer, whe-
reas the five-factor solution identified an extra pattern,
the AUFA one, with consistent interpretation.
Reproducibility and validity of an identified factor so-
lution need to be assessed, though strongly influenced
by unsolved methodological issues. Confirmatory fac-
tor analysis is used when the researcher has some kno-

wledge about the underlying structure of the construct
under investigation, when he wants to compare factor
structures across studies, and to test specific theories or
hypotheses concerning the linear structural relationships
among a set of factors (8,16). It may be used in combi-
nation with exploratory factor analysis (EFA) to test the
utility of the underlying dimensions of a construct iden-
tified through EFA. This is the purpose of future analyses.
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