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ABSTRACT
Background: Dietary patterns may be an important predictor of breast cancer risk.
However, they cannot completely explain the pairwise correlations among foods. The pur-
pose of this study is to compare food intake networks derived by Gaussian Graphical
Models (GGMs) for women with and without breast cancer to better understand how foods
are consumed in relation to each other according to disease status.
Methods: A total of 134 women with breast cancer and 267 hospital controls were selected
from referral hospitals of Tehran, Iran. Dietary intakes were evaluated by using a validated
168 food-items semi-quantitative food frequency questionnaire. GGMs were applied to log-
transformed intakes of 28 food groups to construct outcome-specific food networks.
Results: Among cases, a main network containing intakes of 12 central food groups (vege-
tables, fruits, nuts and seeds, olive oil and olive, processed meat, sweets, salt, soft drinks,
fried potatoes, pickles, low-fat dairy, pizza) was detected. In controls, a main network includ-
ing six central food groups (liquid oils, vegetables, fruits, sweets, fried potatoes and soft
drinks) was identified.
Conclusions: The findings of this study revealed a difference in GGM-identified networks
graphs between cases and controls. Overall, GGM may provide additional understanding of
relationships between diet and health.
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Introduction

Breast cancer is the most prevalent cancer in women
both in the developed and less developed world (1).
Furthermore, it is the cancer that causes the highest
mortality amongst females, resulting in about half a
million total deaths each year worldwide (2).
Although Breast cancer is thought to be a disease of
the developed world, almost 50% of breast cancer
cases and 58% of deaths occur in less developed coun-
tries (3). There are various genetic and well-estab-
lished environmental factors associated with Breast
cancer risk (4, 5). Among environmental factors, diet
has been considered as an important modifiable
exposure (6). However, the complexity of dietary

intake, eg., consumption of food in different combina-
tions, makes it difficult to examine the role of specific
food groups or foods in the development of diseases
(7). So far, epidemiologic studies addressing the role
of diet in breast cancer development have mostly
examined dietary intake in terms of dietary patterns
(7–12), single nutrients or nutrient patterns (13–16).
Dietary pattern analysis is a preferred method for
describing dietary intake. Two frequently used meth-
ods to derive dietary patterns are principal component
analysis (PCA) and cluster analysis (CA) (17). PCA
has been of particular interest because it compresses
food groups according to the correlation or covariance
between original variables into a number of uncorre-
lated patterns named factors or components (18).
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There are, however, a few draw backs in the use of
existing methods of dietary pattern analysis, such as
the subjective choices made during data analysis (19),
difficulties in interpretation of identified patterns (18,
19) and lack of association between these patterns and
health (20). Second, dietary patterns cannot com-
pletely explain the pairwise correlations among food
variables. If they are independent of the effect of other
food groups, pairwise correlations among food groups
can be more informative (21).

Recently, Gaussian graphical models (GGM) were
introduced as a complementary approach for dietary
pattern analysis (21). These are graphical methods
exploring conditional independence structure in the
data by taking into account the pairwise correlation
among two variables controlling for others (21, 22). In
addition, the main advantage of GGM patterns is their
ability to show how foods are consumed in different
combinations, which might be important to interpret
the eating pattern of the population (21).

The aim of the current study is to apply GGMs in
order to identify specific dietary intake networks
among Iranian breast cancer patients and their corre-
sponding control subjects for further understanding
the interrelation between food intakes and comparing
these relationships among cases and controls. To the
best of our knowledge, this is the first study that
explores GGM-identified networks among dietary
intake of Breast cancer patients.

Methods

Study Design and Sample

This study is a hospital-based case-control study,
which included 136 female cases aged over 30 years
who had been hospitalized at two referral cancer hos-
pitals in Tehran province, Iran. Cases were women
with a histo-pathologically confirmed diagnosis of
breast cancer within the past 6mo, with no history
of other cancers. Eligible cases were all incident cases
of breast cancer who did not undergo any cancer
treatments at the time of interview. Controls (n¼ 272)
were selected from female patients with the same age
range who were admitted to the same hospitals as the
cases for acute, non-neoplastic conditions that, to our
knowledge, are unrelated to diet.

The exclusion criteria for controls were any history
of cancer or benign breast disease, pregnancy or
breast-feeding, and special dietary habits. Six controls
and 2 cases were excluded from the study because
their reported energy intakes were outside the range
of ±3 standard deviation (SD) from the mean energy

intakes of the study population. Finally, data from 134
cases and 266 controls were analyzed. The ethical
committee of Shahid Beheshti University of Medical
Sciences approved the study protocols and procedures.

Dietary Assessment

Information regarding the dietary habits of the cases
in the year prior to diagnosis and of the controls in
the year before the interview was collected by trained
dietitians through private face-to-face interview using
a valid and reliable semi-quantitative 168-food item
food frequency questionnaire (FFQ) (23). Frequency
of consumption for each food item was assessed on a
daily, weekly, monthly or yearly basis. Data were
transformed to daily frequencies. Using a manual for
household measures, dietary intake was calculated in
terms of grams of food intake/day (24). USDA and
Nutrition Composition of Iranian Foods were used to
analyze energy and nutrient content of foods (25).
Nutrients Composition of Iranian Foods was used for
foods or food ingredients that were not available in
the USDA database (eg., traditional breads). The 168
FFQ food items were grouped 28 food groups includ-
ing salt, as salt is considered an independent risk fac-
tor for non-communicable disease (26) and other food
items/groups which are hypothesized to modify the
risk of breast cancer (supplementary Table 1). For
each woman, the daily intake of each food group was
calculated by summing the intakes of individual food
items within that group.

Other Measurements

Anthropometric measurements and other question-
naires were administered by trained dietitians during
the same interview. Weight was measured to the near-
est 100 gram using a digital scale (Seca, Germany) as
subjects were wearing lightweight clothing with no
shoes. Height was measured to the nearest 5mm
using a tape meter fixed to a wall. Body mass index
(BMI) was calculated as a ratio of weight (kg) to the
square of height (m). Physical activity was assessed
using a valid and reliable questionnaire (27).
Participants’ demographic characteristics, lifestyle, and
clinical information was collected using a multi-com-
ponent questionnaire, which included questions about
age (years), age at first pregnancy (years), education
(illiterate, less than diploma, diploma and more),
breast cancer family history (yes, no), marital status
(single, married, divorced, widow), and smoking
(yes, no).
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Statistical Methods

All analyses were performed using the Statistical
Package for Social Sciences software version 18 (SPSS
Inc., Chicago, IL, USA), and a two-sided p-value
< 0.05 was considered significant. To compare general
characteristics of all participants, t-test, Mann-
Whitney and Pearson Chi-Square were used.

GGMs were used to derive dietary intake networks
of cases and controls on 28 food groups separately.
GGM analysis was run in R (version 3.4.3, R).
Gaussian assumption for GGM was visually assessed
applying a histogram and box plot. In order to
improve normality, dietary data were log-transformed
[ln (g/dþ 1)] (21). A sparse inverse covariance (preci-
sion) matrix was estimated from the log-transformed
data using graphical lasso (least absolute shrinkage
and selection operator) in R package ‘‘glasso’’(21). The
optimum value for the regularization parameter k was
assessed in the ‘‘huge’’ package by specifying a
sequence of k values (0.60–0.10) in a decreasing order
for sparsity. In order to obtain an adequately sparse
correlation matrix, k value of 0.30 was chosen by the
maximum likelihood estimation of the graphical mod-
els and was applied for all analyses. The final net-
works in cases and controls consisted of vertices and
edges. Vertices showed food groups, and edges show
conditional dependencies between food groups.
Positive partial correlations were shown with continu-
ous lines whereas negative partial correlations were
represented by broken lines. Correlation coefficients
with an absolute value of 0.2 or greater represented a

strong relationship. Moreover, the thickness of the
edges was proportional to the strength of the correla-
tions. A network was considered to be made up of
three or more edges. There would be no connection
between vertices if there was no conditional independ-
ence between food groups. Food groups, which had
high correlation with a greater number of other food
groups (4þ) were considered as central food
groups (21).

Results

Table 1 shows the characteristics of participants at
baseline. Cases were significantly older than controls.
BMI, physical activity, daily energy intake, marital sta-
tus, number of deliveries, educational level, breast
cancer family history and smoking status were not sig-
nificantly different between cases and controls.

The mean intakes of the food groups (g/d) derived
from the 168-food item FFQ in this case-control study
are shown in Table 2.

Among cases (Figure 1), a main network consisted
of intakes of 12 central food groups (vegetables, fruits,
nuts and seeds, olive oil and olive, processed meat,
sweets, soft drinks, salt, pickles, low-fat dairy, pizza
and fried potatoes). Vegetables intake had strong cor-
relation with the intakes of whole grains, fruits, nuts
and seeds and fish and sea food. Olive oil and olive
intake had strong correlation with the intakes of nuts
and seeds and whole grains, while there was a strong
inverse correlation between intakes of olive oil and
olive and boiled potatoes. Processed meat intake had a

Table 1. Characteristics of Iranian breast cancer cases (134) and controls (266).
Characteristics Cases (n¼ 134) Controls (n¼ 266) p-value�
Age, (y)a 49.49 ± 10.68 47.13 ± 10.08 0.03
BMI, (kg/m2)b 29.47 (7.30) 28.54 (7.65) 0.11
first pregnancy age, (y)b 20.00 (8) 20.00 (5) 0.40
Number of deliveries 2/0 (3/0) 2/0 (2/0) 0.76
Physical activity, (Met.h/day)b 32.10 (6.15) 31.47 (6.03) 0.64
Daily energy intake, (kcal)b 2467.77 (89.015) 2549.63 (1068.66) 0.07
Marital statusc

Single 9 (7) 16 (6) 0.93
Married 105 (79) 206 (77)
Divorced 5 (4) 13 (5)
Widow 14 (10) 31 (12)

Educational levelc 0.31
Illiterate 13 (10) 24 (9)
Less than diploma 55 (42) 134 (50)
Diploma and more 62 (48) 108 (41)

Smoking statusc 1.00
Yes 4 (3) 9 (3)
No 129 (97) 257 (97)

Breast Cancer family historyc 0.17
Yes 11(8) 12(4)
No 123(92) 254(96)

�p� 0.05 considered as significant. Statistically significant P-values are reported in bold.
aMean ± SD was reported for variables with normal distribution (t-test).
bMedian (IQR) was reported for variables without normal distribution (mann-whitney).
cNumber (percent) was reported for qualitative variables (chi square and fisher test).
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strong correlation with the intake of pizza. In add-
ition, the intakes of processed meat and snacks were
conditionally dependent on intake of pizza. Soft
drinks intake had a strong correlation with the intakes
of sweets and solid oils. Fish and sea foods intake had
a strong correlation with the intakes of poultry and
pickles. Pickles intake had a strong correlation with
the intakes of refined grains, fish and pizza. High fat
dairies intake had a strong correlation with the intakes
of organ meat, fried potatoes and sweets. Also, there
was a strong correlation between the intake of fried
potatoes and boiled potatoes and there was a strong
negative correlation between intakes of solid oils and
liquid oils.

In controls (Figure 2), a main network consisted of
six central food groups: liquid oils, vegetables, fruits,
sweets, soft drinks and fried potatoes. Liquid oils
intake had a strong correlation with the intake of
legumes, while there was a strong inverse correlation
between the intakes of liquid oils and solid oils. In
addition, the intakes of poultry and legumes were
conditionally dependent on the intake of liquid oils.
Fruits intake had strong correlation with the intakes
of nuts and seeds and vegetables. Moreover, intakes of
whole grains and fruits were conditionally dependent
on intake of vegetables. Sweets intake had a strong
correlation with the intake of coffee. Fried potatoes
intake had a strong correlation with the intakes of

boiled potatoes and refined grains. Moreover, there
was a strong correlation between intakes of mayon-
naise and red meat.

Discussion

In this analysis, GGMs identified health status (breast
cancer)-specific networks, each consisting of a princi-
pal network. On both principal networks, vegetables,
fruits, sweets, and fried potatoes were central food
groups, underlining their potential key role in deter-
mining dietary behavior. In this study, GGM was used
to derive dietary intake networks in cases and con-
trols. In cases, a main network consisted of intake of
nine central food groups: vegetables, fruits, nuts and
seeds, olive oil and olive, sweets, processed meat, salt,
soft drinks and fried potatoes. In controls a principal
network consisted of five central food groups: liquid
oils, vegetables, fruits, sweets and fried potatoes.
Network of cases showed more conditional dependen-
cies between intakes of food groups compared to the
network in controls. Central food groups are key fea-
tures since they explain primary structure of dietary
behavior of our subjects. The consumption of majority
of food groups are independently related to the con-
sumption of these central foods. Processed meat and
soft drinks (which are unhealthy foods) were central
to the cases’ network and not to the controls’ net-
work. In other words, cases seemed to eat less health-
fully than controls. Another observation is that
unhealthy foods seem to be closer related to each
other and there are few correlations or mostly nega-
tive correlations relating healthful and unhealthful
foods. These results are in line with our findings in
previous study showing that an unhealthy dietary pat-
tern might be associated with higher risk of breast
among Iranian women (28).

This is the first study that uses GGM to derive
dietary intake networks among breast cancer patients.
To our knowledge, there are only 2 studies in nutri-
tion science that have used GGM to derive dietary
intake networks, both in a healthy, German adult
population (21, 29). One of this studies (21), dietary
intake data of 10780 males and 13,340 women in
EPIC cohort study was used to derive food networks.
And the other one (29), dietary intake data of 815
adults was used to derive meal networks. In compari-
son to PCA, GGM offer complementary, not inter-
changeable information (21). Even though both
methods are based on correlations, fundamental dif-
ferences compromise their comparability. A previous
investigation by our group showed that, by using

Table 2. Dietary intakes of 28 food groups used to derive
dietary networks among cases and controls in this studya.
Food groups Cases (n¼ 134) Controls (n¼ 266) p-value

Processed meat, g/d 4.7 ± 9.6 3.4 ± 5.5 0.02
Fried potatoes, g/d 6.3 ± 10.3 5.9 ± 6.9 0.51
Mayonnaise, g/d 2.8 ± 3.1 2.5 ± 4.1 0.93
Sweets, g/d 49.7 ± 32.3 44.8 ± 31.1 0.13
Liquid oils, g/d 22.1 ± 24.6 22.3 ± 26.6 0.49
High fat dairies, g/d 137.3 ± 176.0 139.8 ± 180.8 0.55
Red meat, g/d 22.0 ± 16.6 23.2 ± 17.7 0.91
Whole grains, g/d 88.3 ± 86.6 97.3 ± 91.6 0.27
Solid oils, g/d 19.9 ± 18.0 18.0 ± 19.5 0.46
Pickles, g/d 23.5 ± 30.7 25.6 ± 32.6 0.18
Egg, g/d 19.9 ± 26.1 20.3 ± 16.9 0.59
Soft drinks, g/d 43.0 ± 95.4 31.8 ± 69.4 0.20
Low fat dairies, g/d 621.3 ± 408.3 711.6 ± 448.6 0.85
Vegetables, g/d 364.8 ± 191.2 386.1 ± 163.4 0.02
Fruits, g/d 472.5 ± 206.5 523.3 ± 231.0 0.11
Legumes, g/d 29.4 ± 21.5 33.7 ± 26.9 0.02
Salt, g/d 5.9 ± 3.6 5.8 ± 3.8 0.90
Fish and sea foods, g/d 13.2 ± 23.2 14.7 ± 16.6 0.66
Olive oil and olive, g/d 3.0 ± 5.6 3.3 ± 5.5 0.91
Condiments, g/d 3.9 ± 3.9 4.1 ± 4.2 0.24
Refined grains, g/d 278.9 ± 119.2 310.4 ± 172.6 � 0.01
Snacks, g/d 30.4 ± 35.0 39.2 ± 80.1 0.02
Coffee, g/d 739.7 ± 522.8 785.6 ± 540.0 0.72
Poultry, g/d 56.5 ± 39.9 58.9 ± 43.3 0.65
Nuts and nuts and seeds, g/d 10.8 ± 11.9 12.7 ± 12.9 0.44
Organ meat, g/d 5.6 ± 6.7 5.7 ± 11.8 0.29
Boiled potatoes, g/d 18.8 ± 14.2 24.6 ± 22.8 0.01
Pizza, g/d 8.0 ± 14.8 6.7 ± 14.8 0.49
aMean ± SD was reported for variables with normal distribution (t-test).
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PCA, two major dietary patterns were identified in
the same population and using the same dataset (28):
The “Healthy” dietary pattern (loaded for high con-
sumptions of fruits, vegetables, nuts and seeds,
legumes, fish and sea foods, whole grains, liquid oils,
olive oil and olive and lack of salt intake) vs.
“Unhealthy” (loading on sweets, soft drinks,

mayonnaise, solid oils, processed meat, fried potatoes
and boiled potatoes, pickles and salt intake) (28). It is
important to note that the findings of this study (one
network) are not easily comparable to the PCA-
derived dietary pattern results of our earlier investiga-
tion because in the PCA-derived patterns, the analysis
was not stratified by health status. Furthermore,

Figure 1. Dietary intake networks for cases, estimated by Gaussian graphical models. Vertices show foods/food groups, and edges
show conditional dependencies between foods/food groups.
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another difference between GGM dietary networks
and PCA dietary patterns is that PCAs reduce varia-
bles in order to maximize the variance explained
while GGM creates a graph of conditional depend-
ence. Finally, another reason not to expect compar-
able findings between the two methods is that GGMs
do not reflect the frequency of consumption.
However, our results are in line with result obtained
by Khalid Iqbal (21) showing that detected food net-
works might reflect true patterns. We showed that
cases seemed to eat less healthfully than controls.
Consistently, our previous investigation (28) using
PCA showed that an unhealthy dietary pattern might
be associated with higher risk of breast among
Iranian women (same data set). The strength of
GGMs is their ability to differentiate between direct
and indirect associations among the food group con-
sumption variables. GGMs take into account the

indirect associations by computing a measure of con-
ditional independencies between the food groups.
This is an added advantage over PCA dietary pat-
terns, which are based on the simple correlation
matrix of the food groups. The removal of indirect
effects when assessing pairwise correlations between 2
food groups is very important to understand how
foods relate to each other (21).

The strengths of the current study were high par-
ticipation rate (85%) and using a validated FFQ. In
addition, all cases were affirmed histologically. To our
knowledge, this is the first study that applies GGMs
to derive dietary intake networks representing con-
sumption patterns in Middle-Eastern population.
Dietary habits of the Middle-Eastern population have
their own unique features characterized by large por-
tion sizes along with high consumption of refined
grains (white rice and bread) and hydrogenated fats

Figure 2. Dietary intake networks for controls, estimated by Gaussian graphical models. Vertices show foods/food groups, and
edges show conditional dependencies between foods/food groups.
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and a greater percentage of energy derived from car-
bohydrates (7). Furthermore, this is the first study
that shows that the primary structure of dietary
behavior of patients with cancer is different from that
among controls with distinct central foods (processed
meat and soft drinks).

However, like other case–control studies, our study
has some limitations. One of the study limitations was
possibility of recall and selection bias due to the
design of the study. However, we tried to minimize
this limitation by selecting incident cases.
Furthermore, because of the use of hospital-based
patients as controls, the control sample may not be
representative of the general population. In addition,
the lack of precision of results due to small sample
size is another limitation of our study similar to PCA
patterns, GGM dietary patterns are a descriptive tool,
not involving testing or inferential statistics and there-
fore not adjusted for confounders. However, like
PCAs, results from GGM networks can be used in
regression analysis as a measure of dietary exposure
on health outcomes (30). Finally, a value of 0.30
which was chosen for the regularization parameter is
a subjective decision. However, we chose this regular-
ization parameter based on the maximum likelihood
estimation and the same parameter was chosen for
comparability purposes.

In conclusion, GGM networks have the ability of
showing conditional independence between food
groups which PCAs or simple correlation analyses do
not. Network of cases showed more conditional
dependencies between intakes of food groups com-
pared to the network in controls due to two unhealthy
foods playing as a central food groups. Processed
meat and soft drinks (which are unhealthy foods)
were central to the cases’ network and not to the con-
trols’ network. The findings of this study suggested
that breast cancer patients eat more un-healthfully
than controls. Additional studies are warranted to
confirm our findings.
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