
Under-reporting of energy intake is more prevalent in a healthy dietary

pattern cluster

Fernanda B. Scagliusi1*, Eduardo Ferriolli2, Karina Pfrimer2, Cibele Laureano1, Caroline S. F. Cunha1,

Bruno Gualano1, Bárbara Lourenço3 and Antonio H. Lancha Jr1

1Laboratory of Nutrition and Applied Metabolism, Department of Biodynamics, School of Physical Education and Sport,

University of São Paulo, Av. Prof. Mello Moraes 65, São Paulo, SP, Brazil
2Division of General Internal and Geriatric Medicine, Department of Internal Medicine, School of Medicine of Ribeirão Preto,

University of São Paulo, Av. Bandeirantes 3900, Ribeirão Preto, SP, Brazil
3School of Public Health, University of São Paulo, Av. Dr Arnaldo 715, São Paulo, SP, Brazil

(Received 16 October 2007 – Revised 26 February 2008 – Accepted 28 February 2008 – First published online 1 April 2008)

The aim of the present study was to determine whether under-reporting rates vary between dietary pattern clusters. Subjects were sixty-five

Brazilian women. During 3 weeks, anthropometric data were collected, total energy expenditure (TEE) was determined by the doubly labelled

water method and diet was measured. Energy intake (EI) and the daily frequency of consumption per 1000 kJ of twenty-two food groups were

obtained from a FFQ. These frequencies were entered into a cluster analysis procedure in order to obtain dietary patterns. Under-reporters

were defined as those who did not lose more than 1 kg of body weight during the study and presented EI:TEE less than 0·82. Three dietary pattern

clusters were identified and named according to their most recurrent food groups: sweet foods (SW), starchy foods (ST) and healthy (H). Subjects

from the healthy cluster had the lowest mean EI:TEE (SW ¼ 0·86, ST ¼ 0·71 and H ¼ 0·58; P¼0·003) and EI 2 TEE (SW ¼ 20·49 MJ,

ST ¼ 23·20 MJ and H ¼ 25·08 MJ; P¼0·008). The proportion of under-reporters was 45·2 (95 % CI 35·5, 55·0) % in the SW cluster; 58·3

(95 % CI 48·6, 68·0) % in the ST cluster and 70·0 (95 % CI 61·0, 79) % in the H cluster (P¼0·34). Thus, in Brazilian women, under-reporting

of EI is not uniformly distributed among dietary pattern clusters and tends to be more severe among subjects from the healthy cluster. This cluster

is more consistent with both dietary guidelines and with what lay individuals usually consider ‘healthy eating’.

Under-reporting: Energy intake: Doubly labelled water: Dietary pattern analysis

Traditionally, in epidemiological studies concerning diet and
health, nutritional exposure is assessed as intake of a single
or a few nutrients or foods. However, diet is something far
more complex and ends up being artificially reduced and sim-
plified when a single nutrient or food is analysed separately.
Thus, this approach may have several limitations. First, indi-
viduals do not eat isolated foods and nutrients. They eat
meals composed of diverse foods which contain a combination
of several nutrients. It is likely that there is an interaction and
synergy between these foods and nutrients, which are disre-
garded in the single food or nutrient approach(1). Second,
the effect of one nutrient may be confounded by the effect
of the eating pattern(2). Third, there is a high correlation
between nutrients, since one single food can provide many
nutrients(3). Finally, the effect of a single food may be too
small and undetectable, but the cumulative effect of various
foods may be sufficiently large(4). The dietary pattern analysis
can overcome these issues because it takes into account the
existing interactions and collinearity between foods and nutri-
ents in the diet. This analysis considers how foods and nutri-
ents are consumed in combination, providing a pattern of

habitual intake that more closely resembles the way indivi-
duals actually eat(4).

Dietary patterns can be assessed by means of a priori tech-
niques (such as a diet-quality index) or by the use of empirical
(data-derived) techniques (such as clusters and factorial ana-
lysis) applied to self-reports of food intake. There is an
increasing interest in determining the validity of dietary pat-
tern analysis, but there is no standard protocol for doing
this(5). Most authors are using one of the following procedures
to assess validity of the dietary pattern analysis: (a) comparing
the patterns based on one dietary assessment method with the
nutrient intake obtained through another dietary assessment
method(3,6); (b) comparing dietary patterns obtained by differ-
ent dietary assessment methods(7 – 9); (c) correlating dietary
patterns to concentration biomarkers(7,10,11); (d) determining
the risk of developing a disease according to dietary pat-
terns(3,6,12 – 14). It is a known fact that dietary assessment
methods present serious limitations. Recently, the doubly
labelled water (DLW) method emerged as the ‘gold standard’
marker of the validity of self-reports of energy intake (EI).
This technique clearly showed that all methods tend to largely
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underestimate EI and to be heavily biased(15 – 19). Dietary pat-
tern analysis is also based on these methods that tend to pro-
duce selective under-reporting of foods and nutrients(20 – 25).
However, little is known about the way under-reporting may
affect dietary pattern analysis. Bailey et al. conducted a cluster
analysis to determine dietary patterns in a sample of 179
elderly individuals(26). Two dietary patterns were obtained;
one was nutritionally inadequate, while the other was
more balanced and consistent with dietary guidelines.
Under-reporting subjects were defined as those who presented
EI (assessed by 5 d of 24 h diet recalls) 55 % lower than total
energy expenditure (TEE) (estimated by equations). When the
under-reporters were not included in the sample, the same
dietary patterns were found but the proportion of subjects
belonging in the healthier pattern decreased from 40·2 to
33·8 %. When the entire sample was analysed the inadequate
pattern was characterised by smaller intake of milk, fish, poul-
try and some vegetables. When under-reporters were not
included in the sample, however, this difference disappeared
and the inadequate pattern showed a higher intake of nuts
and starchy vegetables. Thus, the presence of under-reporters
produced spurious differences and, at the same time, attenu-
ated real differences. It also placed some subjects in the
wrong pattern. Nevertheless, this study had some limitations.
These were: (a) not using DLW, the gold standard technique
for identifying under-reporting; (b) having a very specific
sample (community-dwelling elderly, aged 66–87 years), so
it is not known if these results are valid for other samples;
(c) not presenting under-reporting rates (as proportion of
under-reporters, ratio of EI to energy expenditure and differ-
ence between these two measurements) for the dietary pattern
clusters. Thus, the present study aimed to overcome these
limitations by investigating whether under-reporting rates
vary between dietary pattern clusters in a sample of adult
women. Since under-reporters tend to under-report foods con-
sidered ‘unhealthy’ or ‘fattening’, we hypothesised that under-
reporting would be more prevalent in the healthier cluster.

Subjects and methods

Subjects

In two universities, students, teachers, workers and patrons
were invited by means of flyers to join the research. To
participate in the study, subjects completed a questionnaire
developed for this research with questions regarding their
health, medication use, lifestyle, weight variations and dieting
practices. Subjects had to be healthy, weight-stable and literate
females with a BMI between 18·5 and 39·9 kg/m2. Dieters and
smokers were excluded as well as those taking diuretics, appe-
tite suppressants, orlistat, thyroid hormone medication and
topiramate. We enrolled subjects with a wide range of BMI
because one of the aims of the research was to assess influence
of BMI on under-reporting (these results are still under ana-
lysis and will be published elsewhere). The sample was com-
posed of sixty-five adult females between the ages of 18 and
57 years, living in the city of São Paulo (south-eastern
Brazil). The sample size was determined considering Cade
et al. guidelines for validation studies(27) and calculations
made by OpenEpi software (AG Dean, KM Sullivan and
MM Soe, Rollins School of Public Health, Emory University,

Atlanta, GA, USA; updated June 2007). According to this
software, in order to compare mean TEE with mean EI
obtained by the FFQ, with 80 % of power and 5 % of signifi-
cance, thirty-six subjects would be necessary. Data were
collected between December 2004 and July 2006.

Participation in the study lasted 3 weeks. The study design
is depicted in Table 1. Five subjects (7·7 % of the sample) had
their TEE measured by DLW a second time, 1 month apart
from the first test. With these data, we obtained a within-sub-
ject CV in TEE measured by DLW of 8·8 %.

Ethnicity was self-assigned by subjects based on skin
colour. Subjects were asked to classify themselves as black
or mulatto, white, or Asian-Brazilian. Height was measured
with a stadiometer to the nearest 0·5 cm. Subjects were
weighed (in their underwear) with a digital scale to the nearest
0·1 kg. Fat and fat-free mass were estimated by a skinfold
measurement protocol (which measured thigh, supra-iliac
and sub-scapular skinfolds) developed for Brazilian
women(28). Considering that 73·2 % of fat-free mass is
water(29), fat-free mass was multiplied by 0·732 in order to
determine total body water (which is necessary to calculate
the DLW dose).

The School of Physical Education and Sport Ethics
Committee approved the study protocol. Subjects were
informed about the experimental procedures and of any
possible risks before giving their written informed consent
to participate. The study was funded by The State of São
Paulo Research Foundation (FAPESP).

Total energy expenditure measurement

To determine TEE over the 10 d free-living period, a two-
point DLW method was employed. The technique involves
the administration of dose water composed of the stables iso-
topes 2H and 18O. The 2H is eliminated from the body as water
and the 18O is eliminated as both water and carbon dioxide.
The difference in these elimination rates, after adjusting for
total body water and for isotopic fractionation, is a measure
of carbon dioxide production rate. More details about this
method can be found elsewhere(30). In the morning of day 1,
subjects arrived at the laboratory after a 10 h fast and provided
a baseline urine sample. DLW was given orally at a dose of
0·12 g 99·8 % 2H-labelled water and 2 g 10 % 18O-labelled

Table 1. Study design: data collection realised between December
2004 and July 2006 with sixty-five Brazilian women

Weeks

1 2 3
Procedures Wednesday Monday Wednesday

Anthropometric evaluation
(height and body weight)

X X

Skinfold measurement
(thigh, supra-iliac and
sub-scapular)

X

FFQ X
Doubly labelled water

administration
X

Collection of urine samples X X
Collection of blood sample X
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water per kg estimated total body water, along with a sub-
sequent 50 ml water rinse of the dose bottle. Urine specimens
were collected 2, 3, 4 and 5 h after the dose was administered.
In the morning of day 10, subjects returned to the laboratory
and provided two urine specimens.

Enrichment of 2H and 18O in the specimens was analysed
by isotope ratio MS (ANCA 20-20; Europa Scientific,
Crewe, Cheshire, UK). The laboratory where the analysis
was conducted – Mass Spectrometry Laboratory of the
School of Medicine of Ribeirão Preto – was evaluated and
approved for total body water and energy expenditure analysis
by the International Atomic Energy Agency (Vienna, Austria)
in 2007. Tap water was collected and analysed and all
calculations were adjusted for the content of isotopes in the
drinking water. Isotope dilution spaces were calculated using
the baseline specimen and the specimen collected 5 h after
dosing(29). Elimination rates of 2H and 18O were calculated
using the specimens mentioned above and the last specimen
collected on day 10(31). Rate of CO2 production was calculated
according to Schoeller(17), and TEE was determined using the
modified Weir equation(32), assuming a respiratory coefficient
of 0·85.

Dietary assessment

A FFQ estimated habitual dietary intake within the last month.
It was semi-quantitative, self-administered and included
seventy-three food items. For each food item, subjects
identified serving size (small, medium, or large) and frequency
of consumption. Eight frequency options were given, ranging
from ‘never or almost never’ to a maximum of ‘more than 3
times per day’. Complete details of this instrument are pro-
vided elsewhere(33). In the original validation study of the
FFQ, the Pearson correlation coefficient between EI measured
by the FFQ and four 24 h diet recalls was 0·44 (P¼0·0001)(33).

All answered questionnaires were checked by dietitians, and
when an item was not clear the subject was asked to clarify it.
The coding and analysis of the FFQ were performed by a
trained dietitian. The Brazilian software Virtual Nutri 1.0
(ST Philippi, SC Szarfarc and AR Latterza, Public Health
School, University of São Paulo, São Paulo, SP, Brazil) was
used to convert portion sizes into weight (g). EI was calculated
using Brazilian food composition tables(34,35) and, when
necessary, data from the United States Department of Agricul-
ture National Nutrient Database for Standard Reference
(release 17) were also used(36).

Food groupings

To examine dietary patterns, the seventy-three individual food
items listed on the FFQ were reduced to twenty-two pre-
defined food groups (shown in Table 2), based on the simi-
larity of energy and macronutrient content. The food groups
were consistent with the subgroups presented in the Brazilian
Food Pyramid(37). For example, the foods belonging to the
group ‘pasta, grains and root vegetables’ present a range of
372–481 kJ/100 g and 18·4–29·5 g carbohydrate/100 g(34,35).
As conducted by Hu et al. (1), we did not group some foods
that presented very specific nutrient profiles (such as eggs,
soft drinks, sugar, hamburgers and pizza). The variables

employed to perform the analysis were daily frequencies of
each food group/1000 kJ.

Definition of under-reporters of energy intake

Subjects were identified as under-reporters of EI based on the
95 % confidence limits of the expected EI:TEE ratio of 1·0.
The 95 % confidence limits were calculated from the pub-
lished equation(38):

^2 £

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðCV2

EI=dÞ þ CV2
TEE

q
:

CVEI is the within-subject CV for EI, which was 23 %.
CVTEE is the within-subject CV for TEE measured by
DLW, which was 8·8 %. The number of days of dietary assess-
ment is expressed by its abbreviation d. Since the FFQ refers
to the habitual intake, the number of days could be considered
as infinite and, in this case, the expression of CVEI

disappears(39). The equation becomes:

^2 £
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0 þ 77·44

p
¼ ^2 £

ffiffiffiffiffiffiffiffiffiffiffi
77·44

p
¼ ^2 £ 8·8

¼ 17·6% or 0·176:

Then, 1·0 (total concordance between EI and TEE) minus
0·176 is equal to 0·82. Thus under-reporters were defined as

Table 2. Food groups used in the dietary pattern analysis

Food groups Individuals food items

Bread Bread (sliced or baguette)
Pasta, grains and root

vegetables
Pasta, rice, corn, popcorn, potatoes (not fried),

cassava (cooked and as cassava flour) and
yam

Beans Kidney beans, lentils, peas and chick-peas
Fruits Juices, oranges/tangerines, banana, papaya,

apples, watermelon/melon, pineapple, avo-
cado, mango, lemon, passion fruit, grapes,
guava and pear

Vegetables French beans, okra, carrots, eggplant, cauli-
flower, lettuce, cabbage, kale, endive,
tomato, guinea pepper, chayote, pumpkin,
summer squash and cucumber

Eggs Eggs
Regular dairy Whole milk, whole yogurt, cheese spread

and other types of cheese
Fat-reduced dairy Skimmed or low-fat milk, skimmed or low-fat

yogurt, reduced-fat cheese spread and other
types of low-fat cheese

Bovine meat Beef with bone, beef without bone and viscera
Swine meat Pork, sausages and bacon
Poultry Chicken
Fish Fresh fish, tuna/sardine and shrimps
Cookies Sweet and salty biscuits
Confectionery

products/candies
Cakes, ice creams, sweets, chocolate powder,

chocolate (bars or pieces) and puddings
Sugar Sugar
Regular soft drinks Regular soda (i.e. with sugar)
Diet soft drinks Diet soda (i.e. with artificial sweeteners)
Spreads Butter, margarine and mayonnaise
Fat-reduced spreads Reduced-fat margarine
Fried foods Chips, crisps and other Brazilian snacks

(deep-fried appetisers or snacks with
various fillings, such as meat, cheese
and chicken)

Pizza Pizza
Hamburger Hamburger
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those subjects who did not lose at least 1 kg of body weight
during the study and presented EI:TEE ratios smaller
than 0·82. Using this cut-off value, the proportion of under-
reporters was identified. This cut-off is very similar to those
employed by Svendsen & Tonstad(40) and Andersen et al. (39).
The limit of 1 kg body weight was set because under-reporting
is, by definition, the report of an EI lower than TEE without
weight loss. However, the literature does not define exactly
what ‘without weight loss’ means in terms of g or kg, and it
is a known fact that mild variations in body weight are
normal. We established this limit considering that a loss
greater than 1 kg probably is not derived from normal vari-
ations and, instead, it represents a real weight loss caused
by an energy deficit.

Statistical methods

Analyses were performed with the Statistical Package for
Social Sciences release 12.0 (SPSS Inc., Chicago, IL, USA).
The significance level adopted was 0·05.

Cluster analysis was employed to derive dietary patterns
from the dataset. The analysis was performed using the
SPSS QUICK CLUSTER procedure, which is a K-means
method that employs the Euclidean distances between obser-
vations to empirically estimate clusters. The itineration was
conducted, being that its maximum number was 10. In this
procedure the number of clusters must be established
a priori. Since no information was available on the appropri-
ate number of clusters, several solutions with a varying
number of clusters (from two to five) were examined. We
chose a solution with three clusters, because it provided
more separated clusters (according to the ANOVA that com-
pared the food groups’ variables between the clusters, for
each solution), more homogeneous cluster sizes and greater
ease in interpreting results.

The sample’s characteristics were presented as mean values
and standard deviations. When means are being compared,
95 % CI and minimum and maximum values (ranges) are
also provided. ANOVA was run to compare log-transformed
EI, ratio of EI:TEE and difference between EI and TEE
(EI 2 TEE) between the dietary pattern clusters. A x2 test
compared proportion of under-reporters between the dietary
pattern clusters. We also provided the 95 % CI for the
proportion of under-reporters obtained by each cluster.
The x2 test also compared proportion of under-reporters
between BMI categories (normal-weight, overweight and
obese subjects).

Results

Of the sixty-five participants, twenty-eight (43·1 %) were
normal weight, ten (15·4 %) were overweight and twenty-
seven (41·5 %) were obese. Approximately 66·1 % (n 43)
were white, 26·2 % (n 17) were black or mulatto and 7·7 %
(n 5) were Asian-Brazilians. Mean age was 33·7 (SD 10·8)
years, while mean monthly income per capita was US$
642·5 (SD 611·5). Mean body weight was 73·7 (SD 17·4) kg,
while mean height was 1·63 (SD 0·07) m and mean BMI
was 27·9 (SD 6·7) kg/m2. Mean TEE was 10·97 (SD 2·05)
MJ. The proportion of under-reporters was 53·6 % among
normal-weight women, 40·0 % among overweight women

and 59·3 % among obese women (x2(2) ¼ 1·1; P¼0·58).
Since this difference was not significant, we did not analyse
obese individuals separately.

We obtained a solution with three clusters which were
named according to their most recurrent food groups. Table 3
shows the mean frequency of intake of each food group per
1000 kJ obtained by each cluster. The first cluster consisted
of thirty-one subjects and was named ‘sweet foods’, since it
had higher mean intake of regular soda and confectionery pro-
ducts/sweets. The second cluster was composed of twenty-four
participants and was entitled ‘starchy foods’ for having a
higher mean intake of beans and pasta, grains and root
vegetables. The third cluster consisted of ten subjects and
was denominated ‘healthy’, since it presented higher mean
intake of fruits, vegetables and poultry.

Table 4 shows EI, TEE, EI:TEE and EI 2 TEE obtained by
each dietary pattern cluster and also the results from the
ANOVA comparing these values between the clusters.
Approximately 58·3 % of the sample was classified as under-
reporters. Proportion of under-reporters was 45·2 (95 % CI
35·5, 55·0) % in the ‘sweet foods’ cluster, 58·3 (95 % CI
48·6, 68·0) % in the ‘starchy foods’ cluster and 70·0 (95 %
CI 61·0, 79·0) % in the ‘healthy’ cluster (x2(2) ¼ 2·2;
P¼0·34).

Table 5 compares the characteristics of the subjects belong-
ing to each dietary pattern cluster.

Discussion

The present study was designed to determine if under-
reporting rates vary according to dietary pattern clusters. In
order to do so, it was necessary to identify biased reports of
EI at an individual level. Thus we used the procedures rec-
ommended by Black & Cole(38): (a) use of DLW to determine
TEE; (b) assessment of within-variation in TEE measured by
DLW; (c) calculation of the confidence limits of agreement
between TEE and EI. We found that most of the subjects
under-reported their EI and that under-reporting was
more intense and frequent among the participants from the
‘healthy’ cluster.

The rationale for this research came from the observation
that under-reporting tends to be greater for some specific
foods and nutrients(20 – 25,41). Nevertheless, these studies ident-
ified under-reporters according to EI:RMR equations, N
excretions, heart rate monitoring or by direct observation in
a metabolic unit. One of the strengths of the present study is
identifying under-reporters according to TEE measured by
DLW, the only gold standard for this. Mela & Aaron asked
some subjects what would be their attitude if they were
asked to report their intake(42). Approximately 18·6 % said
that they would reduce fat intake, 30·8 % would decrease con-
sumption of sweets and 42·9 % would increase fruit and veg-
etable intake. If these observations are valid, it is possible that
dietary pattern analysis is affected by under-reporting consid-
ering it is based on the same data.

We obtained a solution with three clusters. The ‘sweet
foods’ cluster had the highest number of subjects (47·7 % of
the sample) and it was the unhealthiest cluster. The ‘starchy
foods’ cluster (with 36·9 % of the sample) and the ‘healthy’
cluster (with 15·4 % of the sample) were more consistent
with dietary guidelines. Furthermore, the ‘healthy’ cluster
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was also more consistent with what lay individuals usually
consider ‘healthy eating’(43,44).

Under-reporting of EI was present among subjects from all
clusters, but we may state that it was smaller in the ‘sweet
foods’ cluster, intermediate in the ‘starchy foods’ cluster and
higher in the ‘healthy’ cluster. The ‘healthy’ cluster obtained
the lowest means for EI:TEE and EI 2 TEE. It can also be
seen in Table 3 that, for these variables, this cluster presented
the lowest minimum and maximum values. According to the
x2 test, there was no significant difference regarding the pro-
portion of under-reporters between the clusters. However, it is
important to remember that this test is very sensitive to the
size of the subgroups. The 95 % CI show that there is a signifi-
cant difference in the proportion of under-reporters between
the subjects from the ‘sweet foods’ cluster and those from
the ‘healthy’ cluster. Wirfält et al. observed that subjects
reporting EI:BMR # 1·35 have a greater chance of belonging
to healthiest clusters, characterised by intake of high-fibre and
low-fat foods(45). Nevertheless, their study could not verify if
under-reporting was greater among these clusters, because
they used calculations and cut-off points that do not individu-
ally identify under-reporters. Moreover, they did not evaluate
weight change during the study. This is extremely important
because subjects with low EI can only be classified as
under-reporters if they report eating less than TEE and do
not lose weight. Nevertheless, the authors found that it was
highly unlikely for subjects from the cluster with the highest
intake of fat and sweets to report an EI:BMR # 1·35. Studying
obese subjects, Svendsen & Tonstad found that intake of
sweets and desserts was positively correlated with reporting

accuracy and it was one of the few multivariate determinants
of accuracy(40). These results corroborate our findings,
although the former was obtained in a sample composed
only by obese subjects and we recruited subjects with a
wide range of BMI. However, in their research and in several
aforementioned, food intake was expressed in absolute values,
without energy adjustment. Another strength of the present
study is that even after this adjustment was made we still
found that under-reporters tended to report a healthier dietary
pattern. Thus, the present results show that under-reporting of
EI is not uniformly distributed among dietary pattern clusters.
To our knowledge, the present study is the first to show this.

The present study also has some limitations. We employed
a sample of Brazilian women, who had a large range of BMI
and income. Nevertheless, the sample’s size may limit the
generalisability to other populations, although it was suitable
for the statistical methods used. Also, it was not possible to
repeat the analysis after the exclusion of under-reporters
because this number was so high that after eliminating these
subjects the sample would be too small to carry out the
cluster analysis. However, this analysis is very important,
since only one study has conducted it so far and has presented
inconclusive findings. Moreover, it would be even more rel-
evant to examine in cohort studies if dietary patterns obtained
with and without under-reporters present different correlations
with health effects. This research would indicate if under-
reporting of EI really impairs inferences concerning dietary
patterns and health outcomes. Another possible limitation is
the use of a FFQ. Marks et al. showed that FFQ and diet
records produce different reports of some food groups

Table 3. Daily frequency of intake of food groups by each dietary pattern cluster*

(Mean values and 95 % confidence intervals)

Dietary pattern clusters

Cluster 1: ‘sweet foods’
(n 31)

Cluster 2: ‘starchy
foods’ (n 24)

Cluster 3: ‘healthy’
(n 10)

Food groups (daily frequency/1000 kJ) Mean 95 % CI Mean 95 % CI Mean 95 % CI F † P †

Bread 0·120 0·088, 0·151 0·139 0·103, 0·172 0·120 0·079, 0·16 0·4 0·69
Pasta, grains and root vegetables‡ 0·163 0·143, 0·182 0·301 0·237, 0·363 0·229 0·165, 0·292 11·7 0·0001
Beans‡ 0·065 0·048, 0·081 0·155 0·110, 0·203 0·060 0·024, 0·098 10·7 0·0001
Fruits‡ 0·261 0·201, 0·320 0·306 0·239, 0·373 0·641 0·452, 0·837 17·1 0·0001
Vegetables‡ 0·263 0·213, 0·311 0·320 0·272, 0·368 0·724 0·519, 0·93 33·0 0·0001
Eggs 0·022 0·012, 0·029 0·024 0·014, 0·031 0·022 0·005, 0·041 0·1 0·91
Regular dairy 0·088 0·057, 0·117 0·062 0·036, 0·086 0·065 0·024, 0·105 1·0 0·36
Fat-reduced dairy 0·084 0·057, 0·110 0·093 0·062, 0·206 0·134 0·022, 0·165 0·6 0·54
Bovine meat 0·072 0·057, 0·086 0·084 0·036, 0·086 0·060 0·053, 0·115 0·7 0·52
Swine meat 0·026 0·019, 0·033 0·033 0·024, 0·043 0·038 0·010, 0·065 1·0 0·38
Poultry‡ 0·041 0·031, 0·05 0·038 0·022, 0·053 0·074 0·022, 0·124 3·1 0·05
Fish 0·014 0·010, 0·022 0·026 0·010, 0·05 0·029 0·012, 0·041 2·1 0·14
Cookies 0·062 0·036, 0·088 0·062 0·033, 0·096 0·053 0·031, 0·074 0·1 0·91
Confectionery products/candies‡ 0·318 0·253, 0·382 0·103 0·072, 0·136 0·141 0·076, 0·203 18·7 0·0001
Sugar 0·122 0·079, 0·165 0·086 0·002, 0·120 0·057 0·045, 0·124 1·7 0·19
Regular soft drinks 0·048 0·017, 0·076 0·010 0·012, 0·019 0·022 0·002, 0·048 2·6 0·07
Diet soft drinks 0·033 0·010, 0·057 0·017 0, 0·033 0·012 0·001, 0·024 1·1 0·34
Spreads 0·091 0·055, 0·124 0·124 0·065, 0·186 0·098 0·031, 0·167 0·6 0·54
Fat-reduced spreads 0·007 0·001, 0·014 0·002 0·001, 0·007 0·017 0·005, 0·041 1·9 0·17
Fried foods 0·029 0·019, 0·038 0·024 0·007, 0·038 0·022 0·010, 0·033 0·29 0·75
Pizza 0·014 0·019, 0·038 0·014 0·007, 0·038 0·019 0·010, 0·033 0·4 0·7
Hamburger 0·012 0·007, 0·014 0·007 0·005, 0·012 0·019 0·002, 0·038 2·5 0·09

* For details of food groups and procedures, see Tables 1 and 2 and Subjects and methods.
†F and P values were obtained by means of an ANOVA that compared daily frequency of intake of food groups between the clusters.
‡ Significant difference between clusters.
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Table 4. Values of total energy expenditure (TEE), energy intake (EI), ratio of energy intake:total energy expenditure (EI:TEE) and difference between EI and TEE (EI 2 TEE) obtained by the dietary
pattern clusters*

(Mean values, 95 % confidence intervals and minimum and maximum values)

Cluster 1: ‘sweet foods’ (n 31) Cluster 2: ‘starchy foods’ (n 24) Cluster 3: ‘healthy’ (n 10)

Mean 95 % CI Minimum and maximum Mean 95 % CI Minimum and maximum Mean 95 % CI Minimum and maximum F P

TEE (MJ/d) 10·42 9·72, 11·12 6·60, 14·10 11·73 9·99, 13·48 6·40, 15·20 11·37 10·55, 12·20 7·60, 16·20 2·39 0·10
EI (MJ/d) 8·93 7·67, 10·18 4·60, 18·80 8·18 6·70, 9·65 3·30, 15·90 6·66 4·21, 9·11 3·40, 14·00 2·5 0·08
EI:TEE 0·86 0·76, 0·96 0·45, 1·50 0·71 0·59, 0·83 0·42, 1·44 0·58 0·36, 0·8 0·30, 1·36 6·5 0·003
EI2TEE (MJ/d) 21·49 22·63, 20·35 26·69, 6·31 23·20 24·52, 21·87 28·04, 4·87 25·08 27·69, 22·46 28·55, 3·71 5·3 0·008

* For details of food clusters and procedures, see Tables 1 and 3 and Subjects and methods.

Table 5. Characteristics of the subjects belonging to each dietary pattern cluster*

(Mean values and standard deviations, medians and minimum and maximum values)

Cluster 1: ‘sweet foods’ (n 31) Cluster 2: ‘starchy foods’ (n 24) Cluster 3: ‘healthy’ (n 10)

Mean SD Median
Minimum and

maximum Mean SD Median
Minimum and

maximum Mean SD Median
Minimum and

maximum F P

Age (years) 31 10 27 18, 55 40 8 42 24, 53 34 12 34 18, 57 2·81 0·07
BMI (kg/m2) 25·8 6·1 24·2 18·5, 39·9 31·1 6·7 32·9 20·7, 39·1 29·3 6·7 31·0 18·9, 39·2 3·55 0·04
Monthly income per capita (US$) 797·4 727·8 500 100, 3000 613·3 556·8 542 58, 2000 462 411 344 38, 1500 2·17 0·12
Education (years) 13·5 2·0 15·0 8·0, 15·0 13·3 2·1 14·0 10·0, 15·0 12·1 2·6 13·0 4·0, 15·0 2·51 0·09
Protein density (g protein/1000 kJ) 9·4 1·5 9·4 5·5, 12·0 9·8 1·5 9·6 7·6, 13·2 10·0 1·9 9·8 6·7, 13·6 1·1 0·34
Carbohydrate density (g carbohy-

drate/1000 kJ)
30·8 4·5 31·6 21·1, 40·7 32·5 4·9 32·9 22·0, 39·8 32·1 6·2 32·9 19·9, 43·2 0·60 0·55

Lipid density (g lipid/1000 kJ) 8·7 1·5 8·8 4·5, 11·7 8·1 1·5 8·2 6·3, 11·2 8·3 1·8 8·0 4·9, 11·8 0·74 0·48

* For details of food clusters and procedures, see Tables 1 and 3 and Subjects and methods.
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(such as fruits, eggs and vegetables)46. Nevertheless, authors
such as Willett state that carefully developed FFQ can provide
measures of dietary intake compatibles with those obtained by
more detailed dietary assessment methods(47). We chose this
method because it is able to capture habitual intake, which
is necessary for dietary pattern analysis, and also because it
is the most used method in epidemiological studies(48).
Thus, it is important to investigate the errors associated with
a method that is widely used.

Although dietary pattern analysis is a promising technique
for nutrition studies, several issues (besides influence of
under-reporting) remain. Newby & Tucker affirmed that few
studies have investigated its validity and that it is not clear
how validation should be conducted(5). Comparing the patterns
based in one dietary assessment method with the nutrient
intake obtained through another dietary assessment method
or comparing dietary patterns obtained by different dietary
assessment methods falls back into the same dilemma that
researchers face when it is necessary to validate a single
dietary assessment method. All dietary assessment methods
have limitations and many of them present errors that are
dependent on true intake and correlated with the errors from
other dietary assessment methods. A better way would be to
correlate dietary patterns with risk factors for diseases and bio-
markers, but one should note that most of these studies con-
ducted to this date were cross-sectional. Additionally, many
studies establish an ‘a priori’ premise, such as: ‘we know
that intake of nutrient X protects against disease Y, so if my
analysis is valid, the dietary pattern with the highest intake
of X must have a lower risk of developing Y’. This reasoning
is logical and intuitive, but it ignores the fact that we do not
know all relationships between diet and health and that
some of the known relationships may be biased by errors.
So, if the data contradict the premise, it is possible that the
dietary pattern analysis is not valid, but it is also possible
that the premise is false.

The dietary patterns found in the present study are similar to
others found in the literature(10,49). Even in very different
countries such as Iran(50), Uruguay(51), the USA(52) and
Japan(53), it is common to observe at least two dietary patterns:
one healthier or more prudent, characterised by the intake of
fruits, vegetables, reduced-fat products, and one characterised
by consumption of meat, fat, fast-food and sweets, which is
frequently named the ‘Western’ pattern. This shows that
dietary patterns tend to have high reproducibility across popu-
lations. Nevertheless, one question arises: do the individuals
that report a healthy pattern actually eat healthily or merely
report doing so? Most of the studies above mentioned
observed that the healthy pattern protects against several dis-
eases, which supports the idea that the healthy reporters are
actually healthy eaters. However, two of our main findings
may contradict that idea: (a) those who reported a healthy pat-
tern under-reported more their EI and (b) those subjects
tended to be heavier, which is counterintuitive since Newby
et al. (10,49) and Esmaillzadeh & Azadbakht(50) found that a
pattern characterised by a higher intake of fruits and veg-
etables protects against overweight. It is possible that our sub-
jects from the healthy cluster actually consumed more fruits,
vegetables and poultry (as they reported) and under-reported
the intake of other foods. To solve this question, the use of
some biomarkers that are associated with fruit and vegetable

intake may be helpful(54). Unfortunately, we do not have
such biomarker data in this research, but we recommend its
use in further studies.

In summary, under-reporting of EI is not uniformly
distributed among dietary pattern clusters. As we hypoth-
esised, it was more severe in subjects from the healthiest clus-
ter, probably due to selective under-reporting. Researchers
should remember that dietary pattern analysis is derived
from biased methods. More research is necessary in order to
investigate how reporting errors affect dietary pattern analysis
and also what is the best way to validate this technique,
especially before dietary recommendations are made based
on them.
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45. Wirfält E, Mattisson I, Gullberg B & Berglund G (2000) Food

patterns defined by cluster analysis and their utility as dietary

exposure variables: a report from the Malmö Diet and Cancer
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