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Abstract
Objective: To identify generational differences in the dietary patterns of Brazilian
adults born between 1934 and 1975.
Design: A cross-sectional study from the baseline of the multicentre Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil) cohort. Year of birth was
categorized into three birth generations: Traditionalists (born between 1934 and
1945); Baby Boomers (born between 1946 and 1964); and Generation X (born
between 1965 and 1975). Food consumption was investigated using an FFQ.
Latent class analysis (LCA) was used to identify data-driven dietary patterns.
Setting: Brazil.
Subjects: Individuals (n 15 069) aged 35–74 years.
Results: A three-class model was generated from the LCA for each birth generation.
Generation X presented higher energy intakes (kJ/kcal) from soft drinks (377·4/
90·2) and sweets (1262·3/301·7) and lower energy intakes from fruit (1502·5/
359·1) and vegetables (311·3/74·4) than Baby Boomers (283·7/67·8, 1047·7/250·4,
1756·0/419·7 and 365·3/87·3, respectively) and Traditionalists (186·2/44·5, 518·8/
124·0, 1947·7/465·5 and 404·6/96·7, respectively). For Baby Boomers and
Generation X, we found food patterns with similar structures: mixed pattern
(22·7 and 29·7%, respectively), prudent pattern (43·5 and 34·9%, respectively) and
processed pattern (33·8 and 35·4%, respectively). Among Traditionalists, we could
also identify mixed (30·9%) and prudent (21·8%) patterns, and a third pattern,
named restricted dietary pattern (47·3%).
Conclusions: The younger generation presented higher frequencies of consuming
a pattern characterized by a low nutritional diet, compared with other generations,
indicating that they may age with a greater burden of chronic diseases. It is
important to develop public health interventions promoting healthy foods,
focusing on the youngest generations.
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A generation can be defined as an identifiable group of
individuals who have about the same age and share the
same historical, political and social experiences at critical
developmental stages(1,2). There are different definitions of
generational groups to classify individuals according to
their birth year, age, location and significant life events at
critical developmental stages. The most used definition

classifies individuals into four generations: (i) Tradition-
alists or Veterans, born between 1925 and 1942; (ii) Baby
Boomers, born between 1943 and 1960; (iii) Generation X,
born between 1961 and 1981; and (iv) Generation Y, born
from 1982 until today(2). Although this classification is
based mainly on a standard approach from Western
economies such as the USA, the UK and Australia,
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historical events occurred in Brazil that concur with these
same periods proposed in the literature.

Brazil too was affected by the Great Depression during
the 1930s, with a decrease in the exportation of coffee. On
the other hand, the depression contributed to begin
investments in the industrial sector, enhancing Brazilian
industry and expanding consumption and production in
the country. After this period, Brazil experienced extreme
situations: from economic prosperity and political stability,
as in the government of Juscelino Kubitschek, who built
Brasília (capital of the country), to economic and politi-
cally unstable periods that culminated with a Military Coup
in 1964, which lasted about 20 years. The initial dictator-
ship period was marked by an economic growth, called
the ‘Brazilian miracle’, characterized by modernization of
industry and great construction works. However,
improvements in life quality benefited disproportionately
the most privileged sectors of the population, leading to
several social unsustainable damages to the country(3).

The consideration of generation to classify individuals is
suggested owing to the theory that each generation shares
a different set of values and behaviours, because of shared
events and experiences, driving their attitudes and life-
styles(1). Although individuals from the same generation
can have different experiences, the historical and social
contexts in which these individuals are inserted since their
birth is similar and might influence their lifestyle beha-
viours throughout life. An example is the abandonment of
traditional eating habits by younger generations(4).

A recent paper evaluated trends from 1977 to 2010 in
total energy intake among US adults aged 55 years or
older. It found that earlier generations experienced a
decline in energy intake with increasing age, while more
recent generations maintained a relatively constant level of
energy intake from age 55 years onwards(5).

One concern regarding the changes in dietary habits is
the increased prevalence of chronic diseases in younger
generations. A prospective study conducted with 922 pairs
of mothers and daughters in Australia found that the girls
were five times more likely (OR= 5·05; 95% CI 3·03, 8·85)
to become obese compared with the maternal genera-
tion(6). A study of two national health surveys in Australia
evaluated adults between the ages of 25 and 44 years who
were born in 1946–65 (Baby Boomers) and 1966–80
(Generation X), and showed that the younger generation
developed chronic conditions such as overweight/obesity
(OR= 2·09; 95% CI 1·77, 2·46) and type 2 diabetes
(OR= 1·79; 95% CI 1·47, 2·18) earlier compared with the
later generation(7).

Different approaches have been used to describe food
intake and its relationship with health outcomes. The
identification of dietary patterns better reflects the eating
habits of a studied population, since foods are not con-
sumed in isolation, providing reliable empirical support to
public health messages of dietary recommendations. An
innovative method that has been used to identify dietary

patterns is latent class analysis (LCA), which is a person-
centred analytic approach. LCA allows to arrive at an array
of unobserved (latent) classes of people that represents
the homogeneous groups of individuals within the class to
which they belong, and to provide a sense of the pre-
valence of each latent class and the amount of measure-
ment error associated with each variable in measuring
these latent classes.

Using LCA, the objective of the present paper is to
identify generational differences in the dietary patterns
among Brazilian adults born between 1934 and 1975.

Methods

Study design and participants
The present study is a cross-sectional analysis, which used
the baseline participants of the multicentre Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil) cohort.
This cohort is a multicentre prospective study with
volunteer participants, employees of five universities and
one research institution, which aims to investigate the
incidence and progression of CVD and diabetes. Details of
the methodology can be found in other publications(8–10).

In summary, all active employees or retirees of the six
participating institutions aged 35–74 years were eligible for
the study. The exclusion criteria included current or recent
pregnancy (<4 months before the first interview), intent to
stop working in the institution in the near future, severe
impairment of cognition or communication, and if retired,
living outside the metropolitan area of a study centre.

The sample size was estimated from two main out-
comes of the study: type 2 diabetes mellitus and myo-
cardial infarction, considering an α value of 5%, statistical
power of 80%, prevalence of exposure of 20%, a relative
risk of 2·0 and possible losses to follow-up. For the present
analysis, all individuals between 35 and 74 years old were
included (n 15 105). Individuals with incomplete data on
food intake were excluded (n 36), yielding a final sample
of 15 069 individuals. Individuals with missing data on
other variables (n 1 for each of marital status, number of
children at home and smoking; n 54 for household
income; n 363 for maternal education; n 4 for alcohol
consumption; n 213 for physical activity; n 2213 for birth
weight; n 272 for BMI at 20 years old; n 6 for current
weight or height; n 3 for waist circumference) were not
excluded. All individuals gave their informed consent for
inclusion before they participated in the study. The study
was conducted in accordance with the Declaration of
Helsinki and the protocol was approved by the National
Research Ethics Committee (CONEP No. 13065).

Data collection
Baseline was conducted in 2008–2010, by trained per-
sonnel, using validated and pre-tested questionnaires
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with information about participants’ workplace, socio-
economic data, and clinical history of diabetes and
other diseases and drug use. Anthropometric data
(height, weight, waist and hip circumferences) and
clinical tests (such as electrocardiogram, fasting blood
test and measurement of blood pressure) were also
collected.

Study variables
Demographic and socio-economic variables included in
the analysis were: year of birth, sex, per capita family
income, education level, maternal education level, marital
status and number of children. Year of birth was
categorized into three birth cohorts: (i) Traditionalists or
Vargas Era (generation born between 1934 and 1945, aged
63 to 74 years at baseline); (ii) Baby Boomers or
Pre-dictatorship Generation (generation born between
1946 and 1964, aged 44 to 62 years at baseline); and
(iii) Generation X or Dictatorship Generation (generation
born between 1965 and 1975, aged 35 to 43 years at
baseline). Hereafter, the three generations are named
Traditionalists, Baby Boomers and Generation X to cor-
roborate the nomenclature used in other studies.

Education level was classified according to the highest
grade with approval and individuals were classified as:
incomplete basic education level (never attended school
or incomplete basic education); complete basic education
(complete basic education or incomplete secondary
school); secondary school (complete secondary school or
incomplete undergraduate school); and university (com-
plete undergraduate school or more).

Anthropometric variables used in the analysis included:
birth weight (self-reported), weight at 20 years of age
(self-reported), current weight and height, and waist
circumference. Weight was measured on a platform scale
(Toledo®, São Bernardo do Campo, São Paulo, Brazil)
with 50 g precision and height was measured by a
stadiometer (Seca®, Hamburg, Germany) with 0·1 cm
precision. The assessment of nutritional status was
represented by BMI, calculated as weight/height2 (kg/m2).
BMI classification followed the WHO criteria: underweight
(<18·5 kg/m2); normal weight (18·5–24·9 kg/m2); over-
weight (25·0–29·9 kg/m2); and obesity (≥30·0 kg/m2). Few
individuals were classified as underweight (BMI<18·5kg/m2;
n 139), therefore they were included in the normal weight
category.

Central obesity was evaluated by the waist-to-height
ratio, which was calculated using waist circumference and
height. The circumference of the waist was measured by a
non-extensible anthropometric tape (Mabis®, Waukegan,
IL, USA) with 0·1 cm precision. The waist-to-height ratio
was categorized into: <0·5 (absence of central obesity);
and≥ 0·5 (presence of central obesity).

Food consumption was investigated using a 114-item
FFQ, validated with 281 participants of ELSA-Brasil(11).

Leisure-time physical activity was assessed using the
validated Brazilian version of the International Physical
Activity Questionnaire (IPAQ)(12). The recommendations of
the IPAQ guidelines for data processing and analysis were
used to classify individuals as: low (individuals who do not
exercise and do not meet the criteria to be included in the
other categories); moderate (vigorous-intensity activity for
at least 20min/d on ≥ 3 d/week, or moderate-intensity
activity and/or walking for at least 30min/d on ≥ 5 d/week,
or any combination of walking, moderate- and/or vigorous-
intensity activities on ≥ 5d/week, reaching at least 600
MET-min/week); or intense (vigorous-intensity activity on
≥ 3 d/week reaching at least 1500MET-min/week, or any
combination of walking, moderate- and/or vigorous-
intensity activities on ≥ 7d/week reaching at least 3000
MET-min/week; where MET is metabolic equivalent
of task).

Other variables evaluated in the current study included:
smoking status (never smoked, former smoker; smoker);
alcoholic beverage consumption (never consumed, former
consumer, consumer); excessive alcoholic beverage con-
sumption (≥210 g alcohol/week for men, ≥ 140 g alcohol/
week for women); and binge drinking (consumption of
≥ 5 doses of alcohol in a period of 2 h at least 2–3 times/
month over the past 12 months).

Data analysis
Descriptive statistics were used to evaluate the differences
between birth generations. The χ2 test was used for cate-
gorical variables and ANOVA was used for continuous
variables.

To identify data-driven dietary patterns using LCA, food
items were first aggregated into thirteen mutually exclu-
sive food groups based on their nutritional content and
considering the nature, extent and purpose of industrial
processing used in food manufacture(13). These food
groups were: (i) cereals and tubers and roots; (ii) skimmed
milk and dairy products; (iii) white meats and fish; (iv)
fruit; (v) vegetables; (vi) legumes and nuts; (vii) whole
milk and dairy products; (viii) red meats; (ix) processed
meats; (x) ultra-processed products; (xi) soft drinks and
industrialized fruit drinks; (xii) sweets; and (xiii) coffee.
For each food group, participants were first categorized
into quintiles of energy consumption and then classified
into three categories: low consumption (first and second
quintiles); moderate consumption (third and fourth quin-
tiles); and high consumption (fifth quintile). The observed
distribution of the food groups was modelled as a function
of a single multinomial latent class variable.

First, we assumed that the distributions of food groups
were independent, conditional on class membership.
Second, a variety of models were fit to each birth gen-
eration separately to determine whether the groups were
better represented by models with the same number of
latent classes. Models ranging from two to six classes were
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estimated to identify the best model, based on model-fit
indices (Akaike information criterion; Bayesian informa-
tion criterion; Lo–Mendell–Rubin probability; model
entropy; log likelihood) and substantive interpretation.

Second, we evaluated whether the latent variable had
the same measurement characteristics in each group,
testing the hypothesis of invariance across generation
groups (H0). We compared two models: Model 1 with all
parameters free (without restrictions) and Model 2 with the
restriction that all conditional probabilities were the same
in the groups. The comparison between models was made
statistically by the likelihood-ratio test, which is distributed
as a χ2 with df= df2 − df1.

All analyses were carried out using Mplus 5.0 software
and the SAS statistical software package version 9.3.
General linear models were used to compare total energy
intake and mean energy intake from each food group
across birth generations as well as across latent class
membership in each generation, using the contrast func-
tion to evaluate differences between each latent class.
Values of P< 0·05 were considered statistically significant.

Results

On average, Traditionalists, Baby Boomers and Genera-
tion X presented at 68·0, 52·9 and 40·4 years old,

respectively. Generation X had the highest frequency of
higher education level and maternal education level.
A lower proportion of Generation X never consumed alco-
holic beverages and a higher proportion of this generation
reported binge drinking compared with other generations.
Compared with Traditionalists, Generation X reported higher
frequencies of never being a smoker, but lower frequencies
of moderate plus intense physical activity (Table 1).

As expected, the prevalence of diabetes and hyperten-
sion was higher among Traditionalists compared with
Baby Boomers and Generation X (34·7, 21·0 and 7·0% for
diabetes and 63·0, 37·1 and 16·0% for hypertension,
respectively), while the prevalence of low HDL-
cholesterol was higher among Generation X (21·0%,
v. 17·4% in Baby Boomers and 15·9% in Traditionalists).
On the other hand, the prevalence of hypertriacylglycer-
olaemia was higher among Baby Boomers and Tradition-
alists (33·4 and 30·0%, respectively, v. 24·9% in
Generation X).

Regarding anthropometric measures, there were no
differences in birth weight between the three generations.
Weight and BMI at 20 years old were greater in Generation
X compared with Traditionalists and Baby Boomers,
although the average current BMI was lower. Waist cir-
cumference and percentages of abdominal obesity and

Table 1 Sociodemographic and lifestyle characteristics according to birth generation. Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil), baseline, 2008–2010

Characteristic n
Traditionalists (1934–1945

generation)
Baby Boomers (1946–1964

generation)
Generation X (1965–1975

generation)

Total 15 069 1845 10001 3223
Women (%) 15069 51·8 55·3* 52·9
Education (%) 15069
Incomplete basic education 12·3 6·2* 1·2*
Complete basic education 9·8 7·5 3·0
Secondary school 21·5 36·4 36·6
University 56·4 49·9 59·2

Maternal education (%) 14706
Incomplete basic education 59·0 58·8* 49·1*
Complete basic education 20·3 19·2 19·8
Secondary school 17·4 16·4 20·1
University 3·3 5·6 11·0

Alcoholic beverage consumption (%) 15066
Never consumed 14·1 10·6 9·0*
Former consumer 20·4 20·6 18·6
Consumer 65·5 68·8 72·5

Excessive alcoholic beverage
consumption† (%)

15065 6·0 8·3* 5·8*

Binge drinking‡ (%) 15065 6·9 13·9* 14·7*
Smoking (%) 15068
Never smoked 54·0 51·8 74·4*
Former smoker 37·8 33·3 15·4
Smoker 8·2 14·9 10·2

Leisure-time physical activity (%) 14856
Low 71·1 77·7* 77·5*
Moderate 23·2 15·8 13·0
Intense 5·7 6·5 9·5

The χ2 test was used for categorical variables.
*P< 0·05 compared with the Traditionalist generation.
†Consumption of ≥ 210 g alcohol/week among men and ≥ 140g alcohol/week among women.
‡Consumption of ≥ 5 doses of alcohol in a period of 2 h at least 2–3 times/month over the past 12 months.
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obesity were lower among Generation X than the other
generations (Table 2).

Generation X presented higher energy intakes from
cereals and tubers and roots; legumes and nuts; soft drinks
and industrialized fruit drinks; and sweets, cakes and
cookies. On the other hand, Baby Boomers presented
higher mean energy intakes from cereals and tubers
and roots; legumes and nuts; soft drinks and industrialized
fruit drinks; and sweets, cakes and cookies than the
Traditionalist generation, while Traditionalists presented
higher mean energy intakes from fruit and vegetables
than the other generations (Table 3). Adjusting for total
energy intake, little changes were seen between groups:
differences in energy from cereals and tubers and
roots were not significant between generations. The
consumption of whole milk and dairy products and the
consumption of white meat and fish lost statistical
significance when comparing other generations with
Traditionalists, and Baby Boomers with Traditionalists,
respectively, when controlling for total energy intake
(data not shown).

The model-fit indices for latent class models, for the
entire population and each birth cohort, including two to
six latent classes, are described in Table 4. As the number
of classes included in the model increased, the Akaike
information criterion and log likelihood indicated mono-
tonically improving fit. The Bayesian information criterion
decreased as the number of classes increased, indicating
improved model fit. On the other hand, entropy indicated
that model fit was best for the two-class model for the
entire population and for each birth generation, except for
Traditionalists, in which the four-class model presented
the highest entropy. All models were also substantively
evaluated to verify their ability to discriminate individuals.
According to model parsimony and the interpretation of
classes, the three-latent-class solution represented the best

data for the entire population. Evaluating each birth gen-
eration group, the three-latent-class model fitted better
than the other models, especially considering the inter-
pretation of classes.

The evaluation of whether the item-response prob-
abilities were invariant across groups, through comparing
the fit of two different latent class models (Model 1 with all
parameters free to vary across groups and Model 2 with
item-response probabilities constrained to be equal across
groups), showed that Model 2 provided a significantly
poorer fit to the data (P for the difference χ2 test= 0·0).
Thus, the hypothesis of invariance across groups (H0) was
rejected and results are shown separately for each birth
generation group.

Important differences in food patterns were found
between Traditionalists and other generations. For Baby
Boomers and Generation X, we identified three classes
named mixed pattern, processed pattern and prudent
pattern (Fig. 1).

Mixed pattern showed the highest probability of high
consumption of both healthy food groups (cereals and
tubers and roots; fruit; vegetables; white meats and fish;
legumes and nuts) and unhealthy food groups (whole
milk and dairy products; red meats; processed meats;
ultra-processed products; sweets, cakes and cookies; cof-
fee). Processed pattern was characterized by lower prob-
ability of high consumption of healthy food groups
(cereals and tubers and roots; skimmed milk and dairy
products; white meats and fish; fruit; vegetables; legumes
and nuts) and higher probability of high consumption of
unhealthy food groups (whole milk and dairy products;
red meats; processed meats; ultra-processed products;
sweets, cakes and cookies; coffee), although lower than
the mixed pattern. Prudent pattern was differentiated
from the processed pattern in having lower probability of
high consumption of unhealthy food groups and higher

Table 2 Nutritional status according to birth generation. Brazilian Longitudinal Study of Adult Health (ELSA-Brasil), baseline, 2008–2010

Variable n
Traditionalists (1934–1945

generation)
Baby Boomers (1946–1964

generation)
Generation X (1965–1975

generation)

Total 15 069 1845 10001 3223
Birth weight (%) 12 856
Lower than 2·5 kg 7·8 8·7 8·0
Between 2·5 and 4 kg 85·8 83·9 83·9
Higher than 4 kg 6·4 7·4 8·1

Weight at 20 years old (kg) 14 803 56·5 57·4* 61·0*
BMI at 20 years old (kg/m2)‡ 14 797 21·4 21·1* 21·7*
Current height (cm) 15 063 162 165* 167*
Current BMI (kg/m2) 15 063 27·2 27·2 26·4*
Waist circumference (cm) 15 066 94·1 91·7* 88·2*
Abdominal obesity (%) 15 066 45·0 37·4* 26·0*
Current BMI nutritional status (%) 15 063
Normal weight (≤24·9 kg/m2)§ 33·6 35·2* 43·7*
Overweight (25·0–29·9 kg/m2) 43·7 40·8 36·6
Obesity (≥30·0 kg/m2) 22·7 24·0 19·7

The χ2 test was used for categorical variables and ANOVA was used for continuous variables.
*P< 0·05 compared with the Traditionalist generation.
‡BMI at 20 years old was calculated using the reported weight at 20 years and the measured height at baseline.
§Includes underweight and normal-weight individuals.
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probability of high consumption of healthy food groups,
although lower than the mixed pattern (Fig. 1).

Among Traditionalists, we could also identify prudent
and mixed patterns. However, a third pattern showed a
different structure compared with other generations: low
probabilities of high consumption of healthy and unheal-
thy food groups (Fig. 1). Forty-seven per cent of indivi-
duals were expected to belong to this class, named as
restricted dietary pattern.

Thirty per cent of Traditionalists and individuals from
Generation X were expected to belong to the mixed pat-
tern, while 22·7% of Baby Boomers were expected to
belong to this pattern. Baby Boomers showed the highest
frequency of individuals expected to belong to the pru-
dent pattern (43·5%, v. 21·8% among Traditionalists and
34·9% among Generation X). One-third of Baby Boomers
and individuals from Generation X were expected to
belong to the processed pattern.

The mean energy intake from each food group by latent
class group and birth generation is shown in Table 5. Among

all generations, the mean energy intake from skimmed milk
was higher among the prudent pattern, while the mixed
pattern presented the highest mean energy intakes from the
other food groups, except for fruit and vegetables among
Traditionalists. Among Baby Boomers and Generation X,
individuals with a prudent pattern showed higher mean
energy intakes from white meats and fish, fruit and vege-
tables than individuals with a processed pattern. Although
energy intake from fruit was higher in the mixed pattern for
Baby Boomers and Generation X, the consumption of nat-
ural fruit juice with sugar and fruit salad with sugar was
higher in the mixed pattern than the prudent pattern (natural
fruit juice with sugar: 457·7kJ (109·4kcal) v. 151·9kJ
(36·3kcal) for Baby Boomers and 426·3kJ (101·9kcal)
v. 223·8kJ (53·5kcal) for Generation X, respectively; fruit
salad with sugar: 48·5kJ (11·6kcal) v. 13·8kJ (3·3kcal) for
Baby Boomers and 41·4kJ (9·9kcal) v. 17·2kJ (4·1kcal) for
Generation X, respectively).

Regarding weight status according to dietary pattern and
birth generation, the majority of the individuals presented

Table 3 Total energy intake (kcal), food groups and mean energy intake from each food group (kcal) according to birth generation. Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil), baseline, 2008–2010

Food group Food

Traditionalists
(1934–1945
generation)

Baby Boomers
(1946–1964
generation)

Generation X
(1965–1975
generation)

Total energy
intake

– 2771·3 2977·5* 3070·4*,†

Cereals and
tubers and
roots

White and wholegrain rice; oats; granola; other whole flours;
manioc flour; cornmeal cuscus; cassava and corn flours;
potato (boiled, stewed, mashed); boiled cassava, polenta
and sweet potato; popcorn; pasta; French and whole bread

710·3 765·7* 787·2*,†

Skimmed milk
and dairy
products

Semi-skimmed and skimmed milk; non-fat yoghurt; white
cheese

154·8 127·6* 105·7*,†

White meats and
fish

Boiled chicken; fried chicken; chicken breast; boiled and
poached egg; fried egg; omelette; scrambled egg; boiled,
baked or grilled fish; fried fish; shrimp; shellfish; crab;
swimming crab; sardine; tuna; sushi and sashimi

306·5 336·8* 337·1*

Fruit All fruits, including fruit salad with or without added sugar 465·5 419·7* 359·1*,†
Vegetables All vegetables, including vegetable soups 96·7 87·3* 74·4*,†
Legumes and

nuts
Beans (black, red, white, cowpeas, etc.); lentils; chickpeas and

peas; walnuts; cashew nuts; Brazil nuts; peanuts; almond
and pistachio nuts

189·3 218·5* 230·8*,†

Whole milk and
dairy products

Whole milk; regular yoghurt; yellow cheese; butter 129·2 147·6* 166·0*,†

Red meats Boned beef; beef on the bone; pork; tripe; liver; offal; stroganoff 206·8 237·1* 247·7*,†
Processed meats Sausage; ham; mortadella; salami; bacon; hamburger 47·6 66·3* 78·9*,†
Ultra-processed

products
Pita bread; sliced loaf; margarine; cream cheese; mayonnaise;

pizza; instant macaroni; packed and fried savouries;
hotdogs; instant soup; cheese puffs

124·0 156·7* 195·9*,†

Soft drinks and
industrialized
fruit drinks

Regular, light or diet soft drinks; artificial fruit drinks 44·5 67·8* 90·2*,†

Sweets, cakes
and cookies

Cake (with and without filling); salt biscuit (cracker type); sweet
biscuit (with and without filling); sweet bread; ice cream;
sweets; caramels; cereal bar; jelly; jam; fruit sweets; honey;
syrup; mousse

216·9 250·4* 301·7*,†

Coffee Coffee 27·9 34·6* 38·2*,†

Comparisons were made using linear regression models with generation being the independent variable and using the contrast function to evaluate differences
between each birth generation.
To convert to kJ, multiply kcal values by 4·184.
*P< 0·05 compared with the Traditionalist generation.
†P< 0·05 compared with the Baby Boomer generation.
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overweight or obesity. Individuals expected to belong to
the prudent pattern presented a higher percentage of
normal weight, independently of birth generation (Fig. 2).

Discussion

The present study was an exploratory one to evaluate the
use of LCA as a method to identify generational differences
in the dietary patterns among Brazilian adults born
between 1934 and 1975. Three distinct dietary patterns
were identified for each birth generation, using intakes of
thirteen food groups. For Baby Boomers and Generation
X, we found food patterns with similar structures: mixed
pattern (with high probability of high consumption of both
healthy and unhealthy food groups), prudent pattern (with
low probability of high consumption of unhealthy food
groups) and processed pattern (with low probability of
high consumption of healthy food groups and high
probability for unhealthy food groups). Among Tradi-
tionalists, we could also identify mixed and prudent pat-
terns, but a third pattern, characterized by low probability
of high consumption of all food groups, was also identi-
fied. Traditionalists presented higher frequencies of indi-
viduals within this pattern, that we named restricted
dietary pattern.

It is well known that older adults go through important
physical, psychological and social changes that can inter-
fere with their dietary habits. Individuals in the restricted
dietary pattern showed reduced consumption of all food

groups, lower total energy intake and lower energy
intakes from the majority of food groups compared with
individuals in the mixed and prudent dietary patterns.
Although the restricted pattern showed higher prob-
abilities of consumption of unhealthy food groups than the
prudent pattern, the probabilities of consumption of
healthy foods were lower. It is believed that older adults
may have biological modifications or diseases that require
changes in diet, contributing to a reduction in their overall
food consumption(14).

Another issue is that Traditionalists (born between 1934
and 1945) experienced periods of economic recession and
food shortages when they were 20 years old (1954–1965),
which could have influenced the desire for eating a variety
of foods, but carefully consuming them in a moderate way.

On the other hand, Baby Boomers and Generation X
presented similar structures of classes. Different from
Traditionalists who presented higher intakes of skimmed
milk, fruit and vegetables in the prudent pattern, Baby
Boomers and Generation X presented higher intakes only
for skimmed milk in this dietary pattern. The main differ-
ence between Baby Boomers and Generation X is the
higher frequency of individuals expected to belong to the
prudent pattern among Baby Boomers, but this can also
be explained by the fact that they might be more con-
scious about diet than individuals from Generation X.

Generation X presented higher energy intakes from soft
drinks and industrialized fruit drinks and sweets, cakes
and cookies, and lower energy intakes from fruit and
vegetables, than Baby Boomers and Traditionalists. It is

Table 4 Model-fit indices for latent class models, among the entire population and according to birth generation. Brazilian Longitudinal Study
of Adult Health (ELSA-Brasil), baseline, 2008–2010

Number of classes

2 3 4 5 6

Entire population
Entropy 0·661 0·626 0·625 0·615 0·600
AIC 401728·494 398288·259 396540·413 395308·397 394647·738
BIC 402132·375 398897·891 397355·796 396329·529 395874·621
LL −200811·247 −199064·129 −198163·207 −197520·198 − 197162·869
LMR probability 0·0000 0·0000 0·0000 0·0000 0·1324

Traditionalists
Entropy 0·623 0·626 0·649 0·646 0·643
AIC 49656·905 49281·519 49106·523 48926·979 48887·767
BIC 49949·478 49723·138 49697·188 49666·691 49776·524
LL −24775·453 − 24560·759 −24446·262 − 24329·490 −24282·883
LMR probability 0·0000 0·1524 0·2766 0·1185 0·6563

Baby Boomers
Entropy 0·658 0·628 0·626 0·610 0·608
AIC 266799·248 264604·538 263428·752 262676·114 262240·453
BIC 267181·402 265181·374 264200·269 263642·313 263401·334
LL −133346·624 −132222·269 −131607·376 −131204·057 − 130959·226
LMR probability 0·0000 0·0000 0·0000 0·0047 0·0078

Generation X
Entropy 0·668 0·621 0·630 0·627 0·628
AIC 86080·959 85425·802 85100·607 84813·023 84688·980
BIC 86403·097 85912·048 85750·960 85627·484 85667·548
LL −42987·480 − 42632·901 −42443·303 − 42272·512 −42183·490
LMR probability 0·0000 0·0000 0·0415 0·4184 0·1554

AIC, Akaike information criterion; BIC, Bayesian information criterion; LL, log likelihood; LMR, Lo–Mendell–Rubin.
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well known that young adults present a lower overall diet
quality compared with older adults(15–17). Even with
higher total energy intake, the consumption of high-
nutrient and low-energy-density foods is lower than in

older generations. The decline in energy intake with
increasing age found in the present study is also well
documented elsewhere and can be a result of both phy-
siological impairment and non-physiological factors, such
as medical conditions(5,17).

One important issue to consider is the increase in the
marketing and accessibility of ultra-processed products,
soft drinks and industrialized fruit drinks in recent years.
Also, the migration of the population from rural to urban
areas in the last decades changed the influence of home-
produced foods to industrialized commercially foods,
which might have contributed to shape the food habits of
younger generations(18). Younger adults devote less time
to cooking compared with older generations, with their
diet relying mainly on convenience and time-saving
foods(19), which are usually highly processed with large
amounts of sugar, fat and sodium(20). Zarei and Ahmadi
compared the consumption of traditional and ‘modern’
foods (including fast foods, processed foods, canned
goods, foods ready for consumption) of 618 Iranian
women (309 mothers and their daughters) and found that
the younger generation (second generation) showed
higher consumption of processed foods(21). This beha-
viour might contribute to a lower diet quality, suggesting
an increasing risk of the development of diet-related
chronic diseases(22).

One possible consequence of the development of diet-
related chronic diseases among younger individuals is the
excessive weight gain among Generation X compared
with older generations. Weight and BMI at 20 years old
were greater among Generation X than Traditionalists.
Although being highest than other generations, Genera-
tion X presented lower current BMI, being still within
normal BMI values.

Pilkington et al. analysed data from the National Health
Survey in Australia and compared the prevalence of diabetes
and obesity between Baby Boomers and Generation X at the
age of 25–44 years. The authors found that Generation X
presented higher prevalence of these conditions, indepen-
dent of sex, age, education, smoking status and physical
activity(7). Similar findings were also described in other stu-
dies, suggesting that the newer generation may have greater
odds of developing chronic diseases compared with the later
generations at the same age(23,24).

This may reflect the economic and health situation
experienced by these people at the age of 20 years.
Individuals who were 20 years old between 1985 and 1995
(Generation X) had greater access to food, despite they
were born during the Military Coup of Brazil and experienced
periods of high economic instability. In the 1990s, Brazil
changed its economic policy and showed important eco-
nomic developments, which could have influenced the desire
of Generation X in acquiring diverse and plentiful foods that
were not accessible to them during their childhood.

The use of LCA to identify food patterns has been
shown to be an effective and valid method to organize
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Fig. 1 Probabilities of high consumption of food groups,
conditional on latent class membership, according to birth
generation: (a) Traditionalists ( , mixed pattern; ,
restricted pattern; , prudent pattern); (b) Baby Boomers
( , mixed pattern; , processed pattern; , prudent
pattern); (c) Generation X ( , mixed pattern; ,
processed pattern; , prudent pattern). Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil), baseline,
2008–2010
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patterns of responses. For the present study, different
approaches were tested before choosing to report results
based on the three-class model stratified for each generation.
Although the mixed pattern showed higher probabilities
of high consumption for the majority of food groups in
all generations, suggesting low capacity to discriminate
individuals, this pattern is very similar to characteristics of the
Brazilian diet being reported in other studies(25,26).

A previous study with the same population of ELSA-
Brasil derived four dietary patterns: traditional, fruit and
vegetables, bakery products, and low sugar/low fat(27).
Although they used a different approach to identify
dietary patterns, our findings are quite similar to theirs.
Their fruit and vegetable pattern is characterized by daily
consumption of raw and light green vegetables, fruits, grilled
chicken, white cheese and semi-skimmed milk, being

Table 5 Food group energy intakes (kcal) by latent class group (food patterns) according to birth generation. Brazilian Longitudinal Study of
Adult Health (ELSA-Brasil), baseline, 2008–2010

Food pattern

Traditionalists (1934–1945 generation)
Mixed

(n 570; 30·9%)
Restricted

(n 872; 47·3%)
Prudent

(n 403; 21·8%)

Cereals and tubers and roots 969·0* 534·0*,† 725·7
Skimmed milk and dairy products 125·2* 136·6* 235·9
White meats and fish 394·0 209·0*,† 393·6
Fruit 568·9* 325·0*,† 623·2
Vegetables 109·2* 69·4*,† 138·4
Legumes and nuts 268·5* 131·5*,† 202·4
Whole milk and dairy products 226·2* 102·2*,† 50·5
Red meats 314·3* 169·7*,† 135·0
Processed meats 89·7* 35·8*,† 13·4
Ultra-processed products 190·9* 103·7*,† 73·5
Soft drinks and industrialized fruit drinks 81·5* 34·0*,† 15·1
Sweets, cakes and cookies 350·5* 151·6† 169·3
Coffee 44·9* 19·1† 22·9
Total energy intake 3800·3* 2070·6*,† 2831·9

Baby Boomers (1946–1964 generation)
Mixed

(n 2272; 22·7%)
Processed

(n 3383; 33·8%)
Prudent

(n 4346; 43·5%)

Cereals and tubers and roots 1148·2* 750·3*,† 577·7
Skimmed milk and dairy products 128·0* 71·2*,† 171·4
White meats and fish 536·8* 241·7*,† 306·2
Fruit 663·5* 268·7*,† 409·8
Vegetables 125·2* 57·4*,† 90·7
Legumes and nuts 351·1* 207·0*,† 158·1
Whole milk and dairy products 242·1* 174·5*,† 77·2
Red meats 368·7* 257·0*,† 152·7
Processed meats 118·9* 76·2*,† 31·2
Ultra-processed products 249·4* 172·9*,† 95·5
Soft drinks and industrialized fruit drinks 106·5* 88·4*,† 31·5
Sweets, cakes and cookies 416·5* 243·2*,† 169·2
Coffee 51·4* 41·9*,† 20·1
Total energy intake 4588·4* 2720·3*,† 2335·5

Generation X (1965–1975 generation)
Mixed

(n 956; 29·7%)
Processed

(n 1141; 35·4%)
Prudent

(n 1126; 34·9%)

Cereals and tubers and roots 1086·2* 732·7*,† 588·5
Skimmed milk and dairy products 105·3* 50·4*,† 162·0
White meats and fish 492·6* 225·6*,† 318·1
Fruit 506·7* 204·6*,† 390·3
Vegetables 98·1* 45·5*,† 83·5
Legumes and nuts 352·2* 198·1*,† 160·8
Whole milk and dairy products 257·4* 168·8*,† 85·7
Red meats 370·0* 238·8*,† 152·8
Processed meats 128·9* 71·6*,† 44·0
Ultra-processed products 289·5* 184·8*,† 127·8
Soft drinks and industrialized fruit drinks 138·4* 96·9*,† 42·5
Sweets, cakes and cookies 454·6* 248·8*,† 225·6
Coffee 52·0* 43·1*,† 21·5
Total energy intake 4412·9* 2567·3*,† 2440·4

Comparisons were made using general linear models with latent class group being the independent variable and using the contrast function to evaluate
differences between each class (food pattern).
To convert to kJ, multiply kcal values by 4·184.
*P< 0·05 compared with the prudent pattern.
†P<0·05 compared with the mixed pattern.
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similar to our prudent pattern identified in all generations. In
our study, skimmed milk was shown to be a good indicator
for the prudent pattern in all generations.

Their traditional pattern includes individuals who con-
sume beans, refined cereals, red meats and processed red
meat products, white meats and confectionery in general
daily or weekly. Their bakery pattern represents indivi-
duals with daily consumption of refined cereals, bread,
biscuits, fried chicken, full-cream milk and dairy products
and with no consumption of fruit and vegetables. These
two dietary patterns are similar to what we named the
mixed pattern(27). In accordance with these findings,
Souza et al. found that the most consumed foods in Brazil
are rice, beans, bread, coffee and meat, along with ultra-
processed foods such as soft drinks and fruit drinks with
added sugar, suggesting that traditional dietary patterns
have incorporated processed foods rich in energy density
and poor in nutrient content(25).

Comparisons of our results with previous studies are
difficult to make because of the different approaches used
to identify and name dietary patterns. In our paper, we
used the LCA method that is a useful tool for identifying
subgroups of individuals with similar food habits based on
the intersection of intakes of multiple food items. One

challenge of cluster models is to identify the best number
of classes. The advantage of LCA is the possibility to
identify the ideal number of classes because it is a model-
based method. It uses a finite mixture model that derives
clusters by a probabilistic model that is based on the dis-
tribution of the data, identifying subgroups by modelling
them as a latent categorical variable. In addition, it is
possible to calculate each individual’s probabilities of class
membership. In recent years, this approach has been used
to identify food patterns of individuals that are not directly
observable.

On the other hand, the interpretation of our findings
should be done carefully because of the difficulty of
separating changes related to birth generations’ differ-
ences in food intake from physiological changes related
to ageing. Older people undergo physiological changes
that can alter their food consumption, but their food
behaviour can also be attributable to the social, cultural,
economic and environmental history of their lifetime
experiences. Another issue is the fact that as people age it
is more difficult to report food frequency intake accu-
rately. However, in the beginning of the interview indi-
viduals were evaluated regarding mental cognition. We
should also keep in mind that other factors influence
food choices, such as living arrangements, family struc-
ture, household income and others; and these factors
might influence individuals differently according to
their age.

Moreover, other issues arise from the difficulty of
separating cohort and age effects using a cross-sectional
approach. Traditionalists and Baby Boomers have higher
frequency of current overweight and obesity than Gen-
eration X, despite they might have a healthier diet. One
possible explanation is the fact that older individuals are
more likely to make behavioural changes due to the pre-
sence of chronic diseases or more concern about the
relationship between diet and health. Even though Tradi-
tionalists and Baby Boomers presented higher current
BMI, consequently a higher risk of developing chronic
diseases, Generation X might have higher BMI as they age
and reach the actual age of Traditionalists and Baby
Boomers. This can happen not only because of their
greater BMI at 20 years old, but also due to their higher
energy intake and lower nutritional diet. If individuals
from Generation X keep their current dietary habits, they
might develop obesity and other chronic diseases.

Our study brings a different approach of evaluating
food patterns, focusing on generational differences in food
intake and not limited to age differences. The extensive
nature of the ELSA-Brasil study enables more accurate and
systematic examination of dietary patterns in different
birth generations, bringing new insights on how Brazilian
people modulated their diet over periods of different
economic and social settings.

Although Baby Boomers have had higher intakes of
healthy foods than Generation X, these two generations
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seem to present more similar food habits compared with
Traditionalists. Our finding that older generations consumed
more fruit and vegetables indicates that public health stra-
tegies likely need to pay more attention to younger age
groups to achieve the goal of the Brazilian food guidelines.

The younger generation presented higher BMI at 20
years old, higher energy intake and lower nutritional
diet, indicating that they may age with a greater burden
of chronic diseases. Young generations represent part of
the actual food consumption in Brazil as well as the
future one. Therefore, if the changes in food habits
continue in this direction there will be significant impli-
cations for the health conditions of the Brazilian popu-
lation, with major impacts on the health system and
workforce participation. It is important to develop public
health interventions focusing on the youngest genera-
tions and conduct more studies to understand dietary
patterns across the life course and prevent diet-related
chronic diseases.
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