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Abstract

Objective—To identify dietary patterns among young adults and the relationships with socio-
economic, demographic and lifestyle characteristics.

Design—~Population-based, cross-sectional analysis of a cohort study. Food intake was assessed
by a frequency questionnaire, and dietary patterns were identified using principal components
analysis.

Setting—Southern Brazil.

Subjects—A total of 4202 men and women aged 23 years, who participated in the 1982 Pelotas
Birth Cohort Study.

Results—Five dietary patterns were identified: common Brazilian, processed food, vegetable/
fruit, dairy/dessert and tubers/pasta. Subjects who had low own or maternal educational levels,
low social position or who were always poor throughout life had high adherence to the common
Brazilian dietary pattern. In contrast, the processed food pattern was more likely to be followed by
those belonging to middle and high social position and who were never poor. Men and smokers
showed high adherence to the processed food and common Brazilian dietary patterns. VVegetable/
fruit pattern was more likely to be followed by women and subjects engaged in physical activity.
Women also showed high adherence to the dairy/dessert pattern.

Conclusions—Our study among young Brazilian adults has identified distinct dietary patterns
that are clearly influenced by socio-economic and lifestyle characteristics, which have important
policy implications in a country with marked social and economic inequalities.

Keywords
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Dietary pattern analysis has become common in nutritional epidemiology. Coherence among
findings from studies of dietary patterns and from traditional approaches focusing on
individual foods and nutrients has contributed to knowledge about the relation of nutrition
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and disease. Empirically derived dietary patterns are obtained from the transformation of a
large set of correlated food variables into a new smaller set of uncorrelated variables, known
as dimensions or patterns. A 2004 global literature review identified over ninety quantitative
studies investigating population dietary patterns(!), mostly from developed countries.

During late adulthood, relatively consistent associations between diet and social, economic
and lifestyle characteristics have been observed. With few exceptions@), diets thought to be
healthier have been strongly associated with higher socio-economic status (SES) and
negatively with lifestyle factors such as smoking and inactivity-11). In addition, better diet
quality has been associated with older age*7:9). However, few studies have been conducted
on the relationship between dietary patterns and SES and lifestyle factors among young
adults. Moreover, in these studies the variables used to assess social and economic
characteristics have differed substantially(12-15), Taken together, it is not possible to discern
consistent findings from available studies among young adults.

We identified the major dietary patterns in a cohort of young adults living in southern
Brazil, born in 1982, and then examined the association between these dietary patterns and
their socio-economic, demographic and lifestyle characteristics. This data set is one of the
largest and longest-running birth cohorts from a developing country(®), but dietary patterns
have not previously been investigated in this cohort.

In 1982, a population-based birth cohort study was initiated in Pelotas, a medium-sized city
in the extreme south of Brazil, which included all 5914 live-born infants during that year.
Since these baseline data were collected, this cohort was followed in 1984, 1986, 1997, 2001
and 2004-2005. Initially, the study centred on perinatal (baseline study), infant and early
childhood morbidity and mortality, with a particular focus on breast-feeding patterns and
nutritional status. When the cohort members became young adults, the emphasis shifted to
risk factors for chronic disease, including diet and physical activity. During the eighth
follow-up, from October 2004 to August 2005, 4297 cohort members were located and
interviewed. In addition, the mortality monitoring system identified 282 cohort members
who had died. The follow-up rate — including those interviewed and those that were known
to have died — was 77-4%. The highest follow-up rates were in the upper socio-economic
level. The methodological details of the follow-up have been published elsewhere(?),

Study population

We studied 4297 cohort members located in 2004-2005 (average age: 23 years). In the
present analysis, we used information collected from the perinatal study in 2004-2005.

The study was approved by the ethics committee of the Medical Faculty of the Federal
University of Pelotas. Written informed consent was obtained from all subjects before the
interview.

Explanatory variables

Socio-economic and demographic characteristics, smoking and information on physical
activity were obtained through standardized questionnaires. Information on sex, skin colour,
mother’s education and income was collected at baseline in 1982. Variables collected at
follow-up in 2004-2005 included family income, family social position, education (cohort
members’ years of schooling), physical activity and smoking status. In addition, weight was
measured using a portable digital electronic scale with a capacity of 150 kg and precision of
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0-1 kg (Uniscale; SECA, Copenhagen, Denmark) and height was measured using a locally
developed portable aluminium height instrument with a precision of 1 mm. For analysis, the
socio-economic and demographic explanatory variables were categorized using
conventional cut-off points and/or based on the distribution of responses as follows: sex
(men and women), skin colour (white and not white), mother’s education (0-4, 5-8, 9-11
and =12 years of schooling), cohort members’ education (0-4, 5-8, 9-11 and =12 years of
schooling) and current family social position from low to high (based on domestic assets,
presence of servants and level of education of the head of the household, according to the
standard Brazilian Economic Classification of social classes A—E)(ls). Income information,
collected in 1982 and in 2004-2005, was used to create a variable labelled *income change’.
This variable measures change in the family income throughout life. We used tertiles of
family income obtained at the baseline interview and at follow-up in 2004—2005 and
combined them into a variable with four categories: always poor (equivalent to the lowest
tertile of family income in 1982 and 2004-2005), non-poor — poor (second or third tertile in
1982 and lowest tertile in 2005), poor - non-poor (lowest tertile in 1982 and second and
third tertiles in 2004-2005) and never poor (second or third tertile in 1982 and 2004-2005).
Leisure-time physical activity was categorized as none or in tertiles of min/week (10-110;
120-299 and =300 min/week). Smoking was categorized as current smoker and non-smoker.
BMI (kg/m?2) was calculated to describe the nutrition status of the cohort member, but it was
not our aim to investigate its association with dietary patterns.

Dietary assessment variables

Information on diet was collected during interviews carried out in 2004—2005. Usual intake
over the past year was assessed by a semi-quantitative, interviewer-administered FFQ. A list
of eighty-two food items in the FFQ was used to collect information on the frequency of
food intake. Food serving intake (standard portion size) was specified for each food with
response options ranging from 0 to 10 times per day, per week, per month or per year. The
FFQ was derived from the National Survey on Household Expenses, but was limited to
regional eating habits.

We collapsed eighty-two food items into forty-seven groups, by combining foods that were
similar in nutrient profile and represented particular dietary habits of the south Brazilian
population. Foods that were reported by more than 80% of the subjects remained as separate
items (e.g. orange, banana, lettuce, rice and black beans).

From the 4297 subjects, we excluded fifty-two subjects on the basis of FFQ responses that
did not appear to be plausible. The majority of these cases were due to clearly over-reported
food intake, e.g. eating all food items everyday. In addition, we excluded forty-three men
and women reporting energy intake +3 so over the mean. Because only 0-4% of subjects
reported total energy intake <4186 kJ/d, they were not excluded. Thus, our study included
4202 young adults (2041 women and 2161 men).

Statistical analysis

We conducted a principal components factor analysis (PCA) to derive major dietary patterns
based on forty-seven food groups. The factors were rotated by an orthogonal (Varimax)
transformation. The number of factors retained was based on the following criteria:
components with an eigenvalue of >1, scree plot test and the interpretability of the factors.
The eigenvalues signify the amount of variance explained by each of the factors. Food items
were considered to load on a factor if they had an absolute correlation >0-30 with the factor
and thus were retained in the calculations of the dietary pattern scores.
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Before identifying the dietary patterns, the reliability of the factor analysis procedure was
assessed via the Kaiser—Meyer—Olkin (KMO) statistics and the Bartlett test of sphericity. To
verify the consistency among subgroups, we performed the PCA stratified by sex.

Each of the five dietary patterns was categorized into tertiles. The highest tertile represented
the greatest adherence to the dietary pattern. Poisson regression with robust variance was
used in bivariate and multivariate analyses to allow the estimation of the prevalence ratio
(PR) and 95% ClI for the highest tertile of each pattern compared to the lowest tertile.
Variables with a level of significance <20% in the bivariate analysis were included in the
multivariable model. The model of multivariate analysis was based on a conceptual
framework®9), determined a priori. Two levels were incorporated into the multivariable
model: level I included all socio-economic and demographic variables, and level Il included
lifestyle (physical activity and smoking status) and BMI variables. First-level variables were
adjusted for each other and potential confounders (£<0-20) were kept for the adjustment of
the second level. BMI was included in the second level as a potential confounder due to the
close relationship with eating habits. A level of significance <5% was adopted (all tests were
two-tailed). PCA was performed by the Statistical Package for Social Sciences statistical
software package version 16-0 (SPSS Inc., Chicago, IL, USA) and Poisson regression by the
STATA statistical software package version 9:0 (StataCorp., College Station, TX, USA).

Basic characteristics based on sex of the 4202 subjects are presented in Table 1. Men and
women had the same mean age (23 years) and distribution of skin colour (24% non-white).
The variable assessing change in family income from 1982 to 2004 showed that nearly 52%
of the subjects were never poor, in contrast to 16% who were poor throughout their lives.
Even though the percentage of poor women at the 2004-2005 follow-up period was higher
than for men (35-7% v. 30-2%), more women than men had higher education (>12 years of
schooling). Men reported higher levels of physical activity and current smoking status than
women.

The factor analysis procedure indicated satisfactory reliability, i.e. KMO = 0-79, and the
Bartlett test of sphericity was statistically significant (A<0-001). We identified five major
dietary patterns accounting for 27-6% of total variance. Table 2 illustrates the correlations of
the food items with each of the five dietary patterns (rank order of factor loadings >0-30).
The two dietary patterns with the largest eigenvalues were labelled as common Brazilian and
as processed food dietary patterns. These explained 8-:6% and 7-1% of the total variance,
respectively. The high factor loadings for rice and black beans, one of the most popular
meals across the whole country, led us to label this pattern as common Brazilian. The
processed food dietary pattern presented moderately high factor loadings for processed food
and red meat items in general. The other three dietary patterns were labelled vegetable/fruit,
dairy/dessert and tubers/pasta, also according to the high factor loadings in food items.

The PCA was also performed separately for each sex. The dietary patterns identified in men
and women showed high consistency with each other, and with those obtained using the
entire data set (presented in Table 2). The only difference noticed was that among women,
foods used in preparation, i.e. onion, garlic and bacon, were also correlated with the
common Brazilian dietary pattern (data not shown in the tables).

Table 3 illustrates the mean intake frequencies of food servings of all food items retained in
the dietary patterns, comparing the lowest and the highest tertiles of the five dietary patterns
per year. The high-frequency intake of common Brazilian food items can be clearly
observed for both the lowest and highest tertiles of the five dietary patterns. However, the
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highest tertile of common Brazilian pattern shows the highest intake frequency of servings
of sugar, white bread, coffee, rice and black beans. As expected, the largest differences
between the extreme tertiles of all food intake frequency items were observed for the
corresponding dietary pattern. It is noteworthy that the lowest v. highest tertile of vegetable/
fruit dietary pattern showed a reduction in the mean of soda intake, respectively, 289 v. 189
servings/year.

Associations of common Brazilian and processed food dietary patterns with
sociodemographic and lifestyle variables are presented in Table 4. After adjustment in the
multivariable analysis, the common Brazilian dietary pattern was more likely followed by
subjects who had low own or maternal educational levels, with low social position or who
were always poor. In contrast, the processed food pattern was more likely to be consumed
by wealthier subjects; i.e. of middle and high social position, who were never poor, or who
were poor at birth and became wealthier by 2004—2005. Both the main dietary patterns were
more prevalent in men and current smokers.

Table 5 shows associations with the vegetable/fruit, dairy/dessert and tubers/pasta dietary
patterns. After controlling for potential confounders, subjects with high education (=12 years
of schooling), higher social position (A and B) and who were never poor had higher
adherence to the dairy/dessert dietary pattern (adjusted PR of 1-71 (95% CI 1-31, 2:23;
£<0-001), 1-37 (95% CI 1-22, 1-54; A<0-001) and 1-74 (95% CI 1-43, 2:12; F<0:001),
respectively). The dairy/dessert and vegetable/fruit dietary patterns were more likely to be
followed by women and by non-smokers, in contrast to all other patterns. Vegetable/fruit
was the only dietary pattern that did not show a significant association with socio-economic
variables after adjustment in the multivariable model. A higher adherence to the vegetable/
fruit dietary pattern was found in subjects with high leisure-time physical activity (PR =
1.44; 95% CI 1-31, 1-59). Similar to the common Brazilian pattern, the tuber/pasta dietary
pattern was associated with lower levels of the socio-economic variables, but associated
positively with physical activity.

Discussion

We identified five major dietary patterns among 4202 men and women aged 23 years, who
participated in the Pelotas Birth Cohort Study in southern Brazil. The dietary patterns were
labelled as common Brazilian, processed food, vegetable/fruit, dairy/dessert and tubers/
pasta. All patterns were strongly associated with SES, except for vegetable/fruit. Dietary
patterns show different adherence for men and women. Regarding lifestyle characteristics
(smoking, physical activity and dietary patterns), we identified two behavioural trends:
health-conscious and unhealthy, as described below.

The first pattern, the common Brazilian pattern, included sugar, white bread, coffee, butter/
margarine, rice and black beans. A similar dietary pattern was identified in another study of
adults in the north-east and south-east of Brazil(?9). The highest tertile (T3) of food items of
the common Brazilian pattern presented higher means of food intake servings per year than
any other food item in the whole table, except for onion/garlic. The second pattern,
processed food, reflects a mix of foods contained in Western-type diets in studies carried out
in different cultures(®:21.22), Red meat, processed meat, soda and mayonnaise show marked
differences between the highest and lowest tertiles of this pattern. The third pattern,
vegetable/fruit, resembles a healthier dietary pattern commonly identified in other
populations(7:9:23), except that in our study this pattern lacked foods such as fish, olive oil or
wine. The fourth pattern, the dairy/dessert pattern, was mainly composed of milk, cheese,
yoghurt, chocolate and desserts/sweets. The fifth dietary pattern, tubers/pasta, was also

Public Health Nutr. Author manuscript; available in PMC 2013 October 10.
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found in a previous study in southern Brazil, although that study also included beans in this
pattern(®.

Our findings showed notable socio-economic differences in young adults’ dietary patterns.
Adjusted analyses of the four socio-economic variables (mother’s and own education, social
position and income change) should be interpreted with some caution due to multi-
collinearity between these variables. The common Brazilian pattern was popular among
subjects who had low own or maternal education, low social position or who were always
poor. Composed of low-priced foods — such as white bread, sugar, rice and black beans —
this dietary pattern may express the lack of variability in the diets of the poor. On the other
hand, wealthier subjects were more likely to follow the processed foods and dairy/dessert
dietary patterns. The vegetable/fruit dietary pattern was associated with the subject’s
educational level in the crude analyses, but not after adjustment for other social covariates.
Associations of socio-economic characteristics and dietary patterns have been observed in
several earlier studies. In a multi-ethnic cohort study in Hawaii and Los Angeles(?4) of
adults aged 45-75 years, higher level of education was positively associated with fruit and
milk dietary pattern, and negatively with “fat and meat’ dietary pattern. Consumption of
unhealthy diets was associated with low employment grade among middle-aged men in
London(3). In a study of women living in southern Brazil®, dietary choices were strongly
influenced by SES and were not dependent only on food prices.

Although the association of processed food and tubers/pasta dietary patterns with the
subject’s education disappeared in the adjusted analysis, the association with mother’s
education persisted. These findings suggest the existence of early life influences, with
mother’s education having a stronger role than the subject’s own education. More studies
should be conducted to investigate the relationship between early life factors and dietary
patterns.

We identified two main behavioural trends regarding lifestyle: health-conscious and
unhealthy. The health-conscious behaviours were manifested in the strong and positive
association of adherence to the vegetable/fruit dietary pattern and physical activity during
leisure time. Similar findings were observed in a Greek study(2®). In addition, this finding is
coherent with the reduction in soda intake for subjects with high adherence to the vegetable/
fruit dietary pattern (Table 3). These results may be showing young adults making positive
decisions with regard to their health, e.g. reducing intake of not healthy foods. In our study,
non-smokers and physically active subjects showed high adherence to the dairy/dessert
pattern. This ‘conscious’ behaviour could be based on guidelines promoting dairy diets as
being healthy, although this beneficial effect has been recently called into question(26.27), On
the other hand, physical activity was associated with the tubers/pasta dietary pattern, which
might suggest a balance between energy expenditure and intake or even socio-economic
residual confounding due to the relatively low cost of this pattern.

On the other hand, unhealthy behaviour trends were observed in subjects who smoked and
reported high adherence to the processed food dietary pattern. Regarding the similarities of
our processed food pattern with the Western-type diets, Sanchez-Villegas et a/.(% pointed to
the existence of dangerous behaviour clustering (smoking, sedentary lifestyle and unhealthy
diets) in adults. Unhealthy lifestyle behaviour — including unhealthy eating habits, lower
physical activity and smoking — has also been observed in studies of adolescents(25:28),

We observed that women were more likely to follow the vegetable/fruit and dairy/dessert
dietary patterns than men. Similar preferences for vegetables, fruit and dairy diets were
found in other studies among women(2429). On the other hand, the common Brazilian,
processed food and tuber/pasta dietary patterns were more likely followed by men.

Public Health Nutr. Author manuscript; available in PMC 2013 October 10.
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Considering the types of foods included in those three dietary patterns, similar preferences
were reported in men from another study(%-24). Differences in diet quality between the sexes
have been reported and diet quality reaches its lowest level for women in their mid-20s and
for men in their mid-30s in developed countries®). This leads us to hypothesize that the
differences in adherence according to sex in our findings will get stronger in mid-adulthood
of our cohort. Another observation, perhaps related to gender roles, was that women were
more likely than men to report foods such as onions, garlic and bacon that are used in
preparation. Alternatively, this may indicate the existence of recall bias based on the
different knowledge of men and women about food preparation details. After adjustment for
covariates, the vegetable/fruit and the common Brazilian patterns presented borderline
associations with skin colour. Black or mixed-colour subjects were 9% more likely to follow
both of these patterns. Regarding the common Brazilian pattern, this could reflect a cultural
behaviour; i.e. black beans were originally a diet for slaves in Brazil’s colonial period. In the
north-east and south-east of Brazil, rice and beans showed higher intake among blacks(29).
Our findings on the vegetable/fruit pattern showed a consistent trend with a North American
study showing that African Americans consumed more servings of fruit than European
Americans(4). In contrast, in another US study, African Americans showed lower diet
quality compared with other racial groups®. We believe that conclusions regarding the
relationship of race/ethnicity to diet types are not straightforward, especially for young
adults among whom further studies are needed.

Finally, some methodological considerations should be addressed. This is a large-scale
community-based birth cohort study, but it cannot be considered as representative of Brazil.
In addition, there are inherent problems in dietary assessment, such as self-report bias, and
frequency of food servings, rather than amount in grams, was used in this analysis.
Furthermore, the PCA method is considered an a posteriori approach, because eating
patterns are derived through statistical modelling of an available empirical data set(9),
Several subjective decisions are made in this process of analyses, such as the FFQ items
definition, collapsing foods, defining the factor loading cut-off and number of factors and
the labelling of the identified dietary patterns(:31). Those subjective decisions, however, are
based on previous scientific knowledge and on our experience in nutritional epidemiological
research.

In summary, our study among young Brazilian adults has identified distinct dietary patterns
that are clearly influenced by socio-economic and lifestyle characteristics. Our investigation
provided the opportunity to understand how cohort member characteristics might influence
dietary patterns in early adulthood, which has important policy implications in a country
with marked social and economic inequalities.
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Table 1

Socio-economic, demographic, anthropometric and behavioural characteristics according to gender in the
1982 Pelotas Birth Cohort Study (follow-up 2004-2005; 174202)

Male(n 2161)  Female (n 2041) Total

Characteristic % % n %
Mother’s education (years of schooling) i

0-4 332 321 1960 332

5-8 425 40-6 2454 416

9-11 10-9 113 654  654.0

=212 13-4 15.0 838  838.0
Skin colour

White 755 760 3182 757

Black/mixed 24.5 240 1020 24.3
Social position

D+E (poorer) 44.9 469 1922 45.9

C 354 361 1496 357

A+B (richer) 197 171 773 184
Education (years of schooling) o

0-4 93 69 341 81

5-8 318 22:8 1154 275

9-11 462 512 2043 486

=12 12.7 191 664 158
Income change (from birth to 2004-2005) i

Always poor 14.9 177 683 163

Non-poor — poor 153 180 698 16-6

Poor-non - poor 16-1 14.5 644 154

Never poor 53.7 498 2176 518
BMI (kg/m2)*

<185 4.8 71 248 59

18-5-24.9 64-1 65.7 2721 649

25.0-29:9 234 18:0 872 208

>30-0 77 92 353 84
Physical activity during leisure time o

None 289 64.9 1950 464

10 to 110 min/week 19-0 13.0 675 16-1

120 to 299 min/week 258 131 813 193

=300 min/week 26-9 90 764 18:2
Current smoking o

No 728 766 3137 745

Yes 27:2 234 1065 253

Mean _so Men __sD Men _s_

Age (years) 2270 037 2270 0-37 - -

Physical activity during leisure time (min/week)*  216:90 30120  79.70 18560 15000  260-90

Pvalues based on comparison of cohort members’ characteristics between sexes using A2 tests (Pearson’s or trend) for categorical variables and ¢
test for continuous variables:
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Ak
FP<0-01,

A A
P<0-001.
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Table 2

Factor loading for the major factors (dietary patterns) in young adults in the 1982 Pelotas Birth Cohort Study
(follow-up 2004-2005; 174202)

Dietary pattern

Food group Common Brazilian ~ Processed food  Vegetable/fruit  Dairy/dessert  Tubers/pasta

Sugar 0-687
White bread 0-629
Coffee 0-618
Butter/margarine 0-612
Rice 0-599
Black beans 0-593
Hot dog/hamburger/cheeseburger 0-563
Beer 0-525
Red meat (steak/ground meat/pork) 0-503
Processed meat (sausage/salami/ham) 0-494
Snacks (kibe/filled pastry/empanada) 0-443
Soda 0-440
Mayonnaise 0-420
Pizza 0-403

Barbecue 0-383

French fries 0-359

Canned vegetables/pickles 0-350

Liver and organ meat 0-314

Other vegetables and legumes 0-607

Yellow-dark vegetables 0-603

Cruciferous vegetables 0-593

Lettuce 0-560

Other fruit (other than banana and orange) 0-514

Tomato 0-507

Onion/garlic 0-439

Fruit juice/fruit pulp juice 0-304

Milk 0-688

Chocolate (powder/bar) 0-672

Yoghurt 0-439

Cheese 0-400

Banana 0-365
Cake/puddings/candies/sweet cookies 0-355

Potato/other tubers 0-644
Manioc flour 0-599
Pasta/polenta 0-389
Eggs 0-310

Variance explained (%)f 86 71 49 39 32

Food items with absolute loadings =0-3 are shown.
fTraditionaI southern Brazilian habit.

iThe percentage of total variance accounted by all factors is 27-6.
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