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a b s t r a c t 

Caloric restriction has been associated with improved cardiometabolic health. Available 

data in humans are commonly based on short follow-up periods, specific diets, or popu- 

lation groups. We hypothesized that participants of a population-based cohort (Epidemio- 

logical Health Investigation of Teenagers in Porto) with a dietary pattern characterized by a 

lower energy intake during adolescence have a better cardiometabolic profile in adolescence 

and young adulthood than other dietary patterns. At aged 13 and 21 year evaluations, diet, 

anthropometric, and cardiometabolic measures were assessed. Diet was assessed through 

a food frequency questionnaire and, at 13 years, summarized in dietary patterns identified 

by cluster analysis. The lower intake dietary pattern included 40% of the participants. The 

energy intake misreport was estimated using the Goldberg method. Analysis of variance 

and analysis of covariance were used to compare cardiometabolic risk factors according to 

dietary patterns. The mean energy intake was 2394 and 2242 Kcal/d for the total sample at 

aged 13 years (n = 962) and 21 years (n = 862), respectively. Those belonging to the lower 

intake dietary pattern showed a 25% and 5% lower energy intake, respectively. In the cross- 

sectional analysis at aged 13, adolescents belonging to the lower intake dietary pattern pre- 

sented lower glucose, insulin, triglycerides, and blood pressure values after adjusting for 

body mass index and parents’ education level. Among the plausible reporters, differences 

were only statistically significant for glucose and systolic blood pressure. Our data support 
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repEI, reported energy intake; WHO, World Health Organization.
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that a dietary pattern characterized by a lower energy intake may contribute to a better 

cardiometabolic profile in adolescents. However, no significant effect was found in young 

adulthood. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

The prevalence of overweight/obesity in children and adoles-
cents has been increasing over past decades [1] . Childhood
obesity is associated with cardiometabolic risk factors in the
short term and with an increased risk of noncommunicable
diseases (NCDs) in the long term [2–5] . NCDs are the leading
death cause worldwide [6] . 

Several approaches to address NCDs have been discussed,
such as caloric restriction (CR), studied since 1935 when Mc-
Cay found that it increased lifespan in mice [7] . CR has been
described as a reduction in energy intake without causing
malnutrition [8–10] . Studies using rodents described several
health benefits [11] . However, these studies were frequently
based on short-term interventions [12 ,13] . Two prospective
studies in nonhuman primates demonstrated improved car-
diometabolic risk factors, consistent with the effects found in
rodents [14–16] . 

Studies on humans are scarce because of ethical and
methodological barriers. One of the first reports relating low
energy intake to human lifespan was in the Okinawan pop-
ulation [17] . Okinawans consumed approximately 16.4% be-
low the average energy intake in Japan, presenting 30% to 40%
lower death rates from NCDs than the rest of Japan [17] . An-
other study comparing Caloric Restriction Society members
with healthy age-matched individuals eating typical Ameri-
can diets found that the members of this society had lower
adiposity, total serum cholesterol, low-density lipoprotein-
cholesterol, fasting plasma insulin, glucose, and blood pres-
sure, and higher high-density lipoprotein-cholesterol (HDL-C)
[18] . These observational studies were conducted in specific
populations, so it is impossible to exclude that health bene-
fits result from other factors that characterize these groups.
The Comprehensive Assessment of Long-term Effects of Re-
ducing Intake of Energy (CALERIE) trial was the first controlled
clinical trial of CR with adequate nutrient provision over 2
years in healthy, nonobese, young and middle-aged adults [19] .
At 12 months and 24 months, the CR group presented re-
duced body weight, body fat, systolic and diastolic blood pres-
sure, metabolic syndrome score, glucose values, total choles-
terol, low-density lipoprotein-cholesterol, and insulin resis-
tance measures, whereas HDL-C increased [20] . 

The study of the dietary patterns of 13-year-old ado-
lescents from the Epidemiological Health Investigation of
Teenagers in Porto (EPITeen) cohort [21] identified 4 dietary
patterns, with 1 being characterized by a lower energy intake
(i.e., lower consumption of the majority of food groups), inte-
grating 40% of subjects. Although the healthier pattern (16.1%)
was characterized by the highest consumption of seafood,
soup, vegetables/legumes, fruit, and added fats, the high-
 

est consumption of dairy marked the dairy products pattern
(29.7%) and the fast food and sweets pattern (14.2%) was char-
acterized by the highest intake of fast food, sweets, and pas-
try, soft drinks, and coffee or tea, as described in detail else-
where [22] . Later analysis showed that the food group con-
sumption at aged 13 years seems to track into young adult-
hood [23] . This observational study is a unique opportunity to
study the effect of a lower intake energy diet from adolescence
to young adulthood in real life, addressing the ethical limita-
tions that an experimental study would pose. To the best of
our knowledge, no other studies have focused on the effect of
lower energy intake during adolescence and no observational
studies have been based on the general population. We hy-
pothesized that participants with a dietary pattern character-
ized by a lower energy intake during adolescence have a better
cardiometabolic profile in adolescence and young adulthood
than participants with other dietary patterns. Thus, using data
from this population-based cohort, we aimed to evaluate it. 

2. Methods and materials 

2.1. Participant selection 

Data were collected as part of EPITeen, a population based-
cohort that recruited 13-year-old adolescents born in 1990 and
enrolled in public or private schools in Porto, Portugal [21] .
Participants were evaluated at 13 (baseline), 17, 21, 24, and
27 years. The evaluations comprised a standardized question-
naire and a physical examination, and dietary evaluation was
performed at 13 and 21 years; thus, this study includes data
from these later evaluations. 

The study complies with the Declaration of Helsinki, and
the Ethics Committee of Hospital São João and the Institute
of Public Health from the University of Porto approved the re-
search protocol (193-12). Written informed consent was ob-
tained from parents or legal tutors and adolescents in the
waves performed under those aged 18 years and from partic-
ipants who were aged 21 years and older. 

For this analysis, all the EPITeen participants were eligible.
Those who did not provide dietary information at baseline,
were outliers regarding food intake, or did not provide blood
samples at 13 years and 21 years of age were excluded. There-
fore, at baseline, 1489 participants (68.9%) provided dietary in-
formation used to identify the dietary patterns as described
elsewhere [22] ; from those, 962 (64.6%) participants provided
blood samples and were included in the cross-sectional anal-
ysis. There were no significant differences between included
(n = 962) and excluded (n = 527) participants (Supplemental
Table S1). Of the 1489 participants with a dietary pattern iden-
tified at 13 years of age, 989 (66.4%) were evaluated at 21 years;

http://creativecommons.org/licenses/by-nc-nd/4.0/


16 Nutrition Research 111 (2023) 14–23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

88 were outliers regarding food intake, and 30 did not provide a
blood sample. Thus, 862 (57.9%) participants were included in
the longitudinal analysis. They were generally similar to those
excluded (n = 627), except for dietary patterns and parents’
education (Supplemental Table S2). 

2.2. Covariates 

Parents’ education was the number of completed school years,
and participants were classified into 1 of the categories ( ≤6,
7-9, 10-12, or > 12 years) according to parental highest edu-
cational level, based on data from those aged 21 years. Time
spent in sedentary activities (watching television, playing
computer and/or videogames, reading, and/or doing home-
work) was self-reported for weekdays (minutes/d) and week-
ends (minutes/weekend), and the mean time spent in seden-
tary activities was calculated (minutes/d). Leisure-time phys-
ical activity was self-reported through a validated question
[24] , and 3 categories were considered: most of the time sit-
ting, most of the time standing and/or walking, or most of the
time active/very active. 

2.3. Anthropometrics 

Anthropometric measures were obtained with the subject
standing in light indoor clothes and no shoes, according
to international guidelines, at both waves [25] . Weight was
measured (kg), and body fat (%) by foot-to-foot bioelectrical
impedance was estimated using a digital scale (Tanita TBF-
300, Tanita Corporation of America, Inc, Arlington Heights, IL,
USA), and height (cm) was measured with the head of the par-
ticipant in the Frankfurt plane. Waist circumference (cm) was
measured with a flexible and nondistensible tape at the mid-
point between the lower limit of the rib cage and the iliac crest
at the end of expiration. 

At aged 13 years, adolescents were classified into 4 cate-
gories according to the age- and sex-specific body mass index
(BMI) reference z scores from the World Health Organization
(WHO) [26] : thinness ( z < –2 SD), normal weight (–2 SD ≤ z ≤ + 1
SD), overweight ( + 1 SD < z ≤ + 2 SD), and obesity ( z > + 2 SD).
WHO classification for adults aged 21 years was used [27] : un-
derweight, BMI < 18.5 kg/m 

2 ; normal weight, 18.5 ≤ BMI < 25.0
kg/m 

2 ; overweight, 25.0 ≤ BMI < 30.0 kg/m 

2 ; and obesity, BMI
≥30.0 kg/m 

2 . 

2.4. Dietary information and dietary patterns 

A semiquantitative food frequency questionnaire (FFQ) [28] re-
porting the previous 12 months, validated for the Portuguese
adult population [29] , was applied. In the aged 13 years group,
the FFQ comprised 91 food or beverage items adapted for ado-
lescents, including foods more frequently eaten by this age
group [30] , and was completed at home by the adolescent
with the help of the parents or legal tutor. For the aged 21
years group, an interviewer applied the questionnaire through
a face-to-face interview at the university department. Both
versions comprised a frequency section with 9 possible re-
sponses ranging from never to 6 times or more a day and an
open-ended section for foods not listed in the questionnaire
when eaten at least once a week. 
Considering data from the FFQ at aged 13 years, food and
beverages were combined into 14 groups according to nutri-
tional similarities, as previously described [30] . Food intake
data were obtained by multiplying the frequency of consump-
tion of each food item by the nutrient content of the specified
portion size. Seasonal variation in food consumption was also
considered according to participants’ replies. To estimate nu-
trient intake from the evaluated food intake, we used the soft-
ware Food Processor Plus (version 7.2, 1997, ESHA Research,
Salem, OR, USA) based on US Department of Agriculture val-
ues. Based on the intake of the food groups and considering
the standardized energy contribution of each food group, 4 di-
etary patterns were identified by cluster analysis, at aged 13
years, with the following frequencies and mean (SD) energy
intake: healthier (n = 239; 16.1%; 2724.4 [487.5] Kcal/d), dairy
products (n = 442; 29.7%; 2621.3 [362.3] Kcal/d), fast food and
sweets (n = 212; 14.2%; 3443.2 [482.1] Kcal/d), and lower intake
(n = 596; 40.0%; 1811.9 [378.3] Kcal/d) [22] . 

2.4.1. Energy intake misreport 
Individual reported energy intake (repEI) (Kcal/d) was based
on the FFQ, and the estimated basal metabolic rate (estBMR)
(Kcal/d) was calculated according to age- and sex-specific
Schofield equations [31] . Individual energy intake misreport
was evaluated by applying the Goldberg method [32] , later cor-
rected by Black [33] . Briefly, the ratio between the repEI and es-
tBMR (repEI:estBMR) was computed. The physical activity level
(PAL) was estimated based on self-reported leisure-time activ-
ity through a validated question [24] . The question allowed us
to assign participants to 3 PAL groups: low, moderate, and vig-
orous. The age-specific PAL values were 1.6, 1.8, and 2.0 at 13
years of age, and 1.4, 1.6, and 1.8 at 21 years of age, accord-
ing to the European Food Safety Authority Panel on Nutrition,
Novel Foods and Food Allergens [34] . The corresponding PAL
value was multiplied by a factor considering the usual intake
variability, the BMR, and physical activity. Assuming a normal
distribution, we used the 2 SDs to define the limits for PAL. Par-
ticipants were classified as underreporters or overreporters if
the repEI:estBMR ratio was below the lower limit or above the
upper limit of the expected PAL, respectively. 

2.5. Cardiometabolic risk factors 

In the 13-year-old group, blood pressure was measured with a
mercury sphygmomanometer using the auscultatory method,
following the recommendations of the American Academy of
Pediatrics [35] . In the 21-year-old group, blood pressure was
measured using an oscillometric method (OMRON Blood Pres-
sure Monitor, M6 Comfort) according to standardized proce-
dures. After 10 minutes of rest, 2 blood pressure measure-
ments were taken, separated by at least 5 minutes, at both
ages. A third measure was taken when the difference be-
tween the first 2 was higher than 5 mm Hg. The average
of the 2 closest measurements was used in this analysis.
An intravenous blood sample after an overnight fast was
taken from an antecubital vein at both ages. Serum glucose,
cholesterol, triglycerides, and HDL-C were determined us-
ing an Olympus AU5400 automated clinical chemistry ana-
lyzer (Beckman-Coulter, Brea, CA, USA). Serum insulin was
measured by electrochemiluminescent immunoassay using
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Table 1 – Anthropometric and cardiometabolic characteristics according to dietary patterns, cross-sectional analysis at 13 
years old, considering all the participants (n = 962) and those classified as plausible reporters (n = 616). 

13 y old Dietary patterns identified at aged 13 y P value 

Lower intake Healthier Dairy products 
Fast food and 

sweets 

All participants (n = 962) Mean (SD) 

n (%) 401 (41.7) 143 (14.9) 290 (31.1) 128 (13.3) 
Energy intake, Kcal/d 1807 a (380) 2730 b (495) 2587 c (338) 3426 d (474) < .001 
Anthropometric measures 

Waist circumference, cm 73.3 a (9.1) 72.8 a,b (9.4) 72.1 a,b (8.1) 70.6 b (7.1) .016 
Fat mass, % 22.4 a (9.6) 20.8 a,b (9.4) 20.3 b (9.2) 20.2 a,b (9.2) .012 
BMI z scores 1 0.59 a (1.13) 0.52 a,b (1.07) 0.45 a,b (1.05) 0.29 b (0.93) .036 
BMI, kg/m 

2 21.4 a (3.8) 21.1 a,b (3.8) 20.8 a.b (3.4) 20.2 b (2.8) .005 
Glucose metabolism parameters 

Glucose, mg/dL 85 (10) 84 (8) 86 (9) 86 (9) .191 
Insulin, μUI/mL 7.96 (5.87) 8.17 (5.19) 7.70 (6.64) 8.19 (5.47) .821 
HOMA-IR 2 1.68 (1.29) 1.72 (1.13) 1.66 (1.48) 1.75 (1.24) .912 

Serum lipid levels, mg/dL 
Total cholesterol 166 (31) 165 (32) 170 (32) 164 (29) .229 
Triglycerides 64 (26) 67 (35) 64 (27) 66 (27) .727 
HDL-cholesterol 49 (11) 49 (12) 50 (11) 49 (10) .309 
LDL-cholesterol 105 (26) 102 (27) 107 (25) 103 (22) .269 

Blood pressure, mm Hg 
Systolic 113 (11) 113 (11) 114 (11) 112 (11) .365 
Diastolic 68 (8) 68 (8) 68 (9) 70 (7) .114 

Plausible reporters (n = 616) Mean (SD) 

n (%) 186 (30.2) 107 (17.4) 248 (40.3) 75 (12.2) 
Energy intake, Kcal/d 2042 a (272) 2726 b (441) 2585 c (312) 3263 d (482) < .001 
Anthropometric measures 

Waist circumference, cm 70.1 a (7.0) 72.5 b (9.0) 71.4 a,b (7.5) 71.4 a,b (7.2) .054 
Fat mass, % 22.3 a (9.1) 21.1 a,b (9.1) 20.4 a,b (9.4) 18.6 b (9.2) .024 
BMI z scores 1 0.23 (1.01) 0.49 (1.06) 0.37 (1.01) 0.37 (0.99) .182 
BMI, kg/m 

2 20.3 (3.2) 21.0 (3.77) 20.5 (3.2) 20.4 (2.9) .310 
Glucose metabolism parameters 

Glucose, mg/dL 84 a,b (10) 84 a (8) 86 a,b (8) 87 b (9) .012 
Insulin, μUI/mL 7.68 (5.88) 7.84 (4.73) 7.65 (6.71) 7.88 (5.31) .987 
HOMA-IR 2 1.61 (1.28) 1.62 (0.99) 1.65 (1.50) 1.72 (1.24) .942 

Serum lipid levels, mg/dL 
Total cholesterol 171 (32) 166 (32) 169 (32) 164 (26) .290 
Triglycerides 64 (24) 65 (33) 65 (28) 67 (28) .880 
HDL-cholesterol 51 (11) 50 (12) 51 (11) 48 (9) .340 
LDL-cholesterol 107 (27) 103 (26) 106 (25) 102 (21) .346 

Blood pressure, mm Hg 
Systolic 110 a (10) 112 a,b (12) 113 b (11) 114 b,c (10) .039 
Diastolic 67 (8) 67 (8) 68 (9) 69 (8) .188 

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, 
low-density lipoprotein. 
Different superscript letters indicate significant differences among dietary patterns at p < 0.05 in the Tukey comparison. 

1 According to World Health Organization criteria for z scores [26]. 
2 HOMA-IR = insulin (μU/mL) × glucose (mg/dL)/405 [36]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Cobas e411 automated analyzer (Roche, Roche Diagnostics
GmbH, Mannheim, Germany). All determinations took place
in the Clinical Pathology Department of the São João Hospital
Centre, Porto. The Homeostatic Model Assessment for Insulin
Resistance [36] was used as a marker of insulin resistance. 

2.6. Statistical analyses 

Data are presented as counts (percentages) or means (SD). Pro-
portions were compared using χ2 or Fisher tests when appro-
priate. The analysis of variance and Tukey tests were used to
compare the anthropometric measures and cardiometabolic
risk factors according to dietary patterns. The analysis of
covariance and Tukey tests were used to estimate adjusted
means and respective 95% CIs according to dietary patterns.
In the 13-year-old group, the means were adjusted for partic-
ipants’ BMI and parents’ education level; in the 21-year-old
group, the means were adjusted for sex, BMI, and participants’
education level. Statistical analysis was performed using IBM
SPSS 24, considering a bilateral significance level of 0.05. 
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Table 2 – Anthropometric and cardiometabolic characteristics according to dietary patterns, cross-sectional analysis at 13 
years old adjusted for BMI of participants and education level of the parents, considering all the participants (n = 962) and 

those classified as plausible reporters (n = 616). 

13 y old Dietary patterns identified at aged 13 y P value 

Lower intake Healthier Dairy products 
Fast food and 

sweets 

All participants (n = 962) Estimated mean (95% CI) 

n (%) 401 (41.7) 143 (14.9) 290 (31.1) 128 (13.3) 
Anthropometric measures 1 

Waist circumference, cm 73.4 a (72.5–74.2) 72.9 a (71.5–74.3) 72.2 z,b (71.2–73.2) 70.6 b (69.0–72.1) .013 
Fat mass, % 22.4 a (21.5–23.3) 21.2 a,b (19.6–22.7) 20.5 b (19.4–21.6) 20.1 b (18.5–21.8) .023 
BMI z scores 2 0.59 a (0.48–0.69) 0.51 a,b (0.33–0.69) 0.45 a,b (0.32–0.57) 0.28 b (0.10–0.47) .036 
BMI, kg/m 

2 ) 21.4 a (21.1–21.8) 21.2 a„c (20.6–21.7) 20.8 b.,c (20.4–21.3) 20.2 b (19.6–20.8) 005 
Glucose metabolism parameters 

Glucose, mg/dL 84 a (83–85) 84 a,b (83–86) 86 b (85; –87) 85 a,b (84–87) 0.159 
Insulin, μUI/mL 7.60 (7.04–8.15) 8.48 (7.55–9.42) 8.05 (7.40–8.70) 8.42 (7.44–9.40) 282 
HOMA-IR 3 1.61 (1.48–1.73) 1.79 (1.58–2.00) 1.74 (1.59–1.89) 1.79 (1.58–2.01) 0.271 

Serum lipid levels, mg/dL 
Total cholesterol 166 (163–169) 165 (160–170) 170 (166–173) 165 (159–170) .322 
Triglycerides 63 (61–66) 67 (62–72) 65 (62–68) 66 (62–71) .483 
HDL-cholesterol 49 (48–50) 49 (48–51) 50 (49–51) 48 (46–50) .333 
LDL-cholesterol 104 (102–107) 102 (98–106) 107 (104–110) 103 (99–108) .350 

Blood pressure, mm Hg 
Systolic 112 (111–113) 113 (111–114) 114 (113–115) 113 (111–115) .113 
Diastolic 67 a (66–68) 68 a,b (67–69) 68 b,c (68–69) 70 c (69–71) .005 

Plausible reporters (n = 616) Estimated mean (95% CI) 

n (%) 186 (30.2) 107 (17.4) 248 (40.3) 75 (12.2) 
Glucose metabolism parameters 

Glucose, mg/dL 84 a (83–85) 84 a,c (82–86) 86 b (85–87) 87 b,c (85–89) .017 
Insulin, μUI/mL 7.71 (6.88–8.55) 7.98 (6.86–9.09) 7.86 (7.13–8.59) 7.72 (6.40–9.04) .983 
HOMA-IR 3 1.61 (1.43–1.79) 1.67 (1.42–1.92) 1.70 (1.54–1.87) 1.67 (1.38–1.96) .914 

Serum lipid levels, mg/dL 
Total cholesterol 171 (167–176) 166 (160–172) 170 (166–173) 164 (157–171) .317 
Triglycerides 64 (60–68) 65 (60–70) 65 (61–68) 66 (60–73) .939 
HDL-cholesterol 51 (50–53) 51 (49–53) 51 (50–52) 48 (46–51) .236 
LDL-cholesterol 107 (104–111) 102 (97–107) 106 (102–109) 103 (97–109) .304 

Blood pressure, mm Hg 
Systolic 111 a (109–112) 112 a,b (110–114) 113 b (112–114) 114 b (112–117) .030 
Diastolic 67 a (66–68) 68 a,b (66–69) 68 a,b (67–69) 69 b (67–71) .159 

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, 
low-density protein. 
Different superscript letters indicate significant differences among dietary patterns at P < .05 in the Tukey comparison. 

1 Adjusted for parents’ education level. 
2 According to World Health Organization criteria for z scores [26]. 
3 HOMA-IR = insulin (μU/mL) × glucose (mg/dL)/405 [36]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results 

The mean energy intake among those belonging to the lower
intake dietary pattern, at 13 years of age, was 25% lower
compared with the total sample (1807 Kcal/d vs. 2394 Kcal/d,
respectively) whereas, at age 21 years, this difference was
5% (2129 Kcal/d vs. 2242 Kcal/d, respectively). Regarding the
energy intake misreport, the proportion of underreporting
among those belonging to the lower intake dietary pat-
tern was 49.1% at 13 years and 28.8% at 21 years (Supple-
mental Table S3). When considering only the plausible re-
porters, the mean energy intake was 19% and 2% lower among
those belonging to the lower intake dietary pattern than
among all the plausible reporters, at age 13 and 21 years,
respectively. 

In the 13-year-old group, no significant differences
were found between dietary patterns regarding glucose
metabolism, serum lipid levels, and blood pressure; regarding
anthropometric measures, those belonging to the lower in-
take pattern presented the highest anthropometric measures
( Table 1 ). Considering only those identified as plausible re-
porters (n = 616), those in the lower intake pattern showed the
lowest values for waist circumference and BMI, although not
statistically significant, and the highest fat mass percentage.
They also presented the best cardiometabolic profile, although
the differences were statistically significant only for glucose
levels and systolic blood pressure ( Table 1 ). After adjusting for
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Table 3 – Longitudinal approach for comparing anthropometric and cardiometabolic characteristics of the participants 
according to the dietary patterns identified at baseline, considering all the participants (n = 862) and only those with a 
plausible report (n = 598). 

21 y old Dietary patterns identified at aged 13 y P value 

Lower intake Healthier Dairy products 
Fast food and 

sweets 

All participants (n = 862) Mean (SD) 

n (%) 347 (40.3) 135 (15.7) 280 (32.5) 100 (11.6) 
Energy intake (Kcal/d) 2129 a (589) 2328 b (873) 2318 b (703) 2302 ª,b (753) .002 
Anthropometric measures 

Waist circumference, cm 78.3 a (10.5) 76.9 a,b (9.1) 77.3 a,b (8.8) 75.3 b (9.8) .049 
Fat mass, % 20.7 (9.29) 19.7 (8.3) 19.3 (8.4) 20.0 (8.4) .225 
BMI, kg/m 

2 23.4 a (4.2) 22.7 a,b (3.5) 22.7 a,b (3.4) 22.3 b (3.6) .018 
Glucose metabolism parameters 

Glucose, mg/dL 84 (11) 82 (7) 83 (6) 83 (7) .539 
Insulin, μUI/mL 9.36 (5.45) 8.29 (4.35) 8.54 (4.57) 9.01 (4.37) .082 
HOMA-IR 1 1.95 (1.29) 1.70 (0.91) 1.76 (0.98) 1.86 (0.94) .064 

Serum lipid levels, mg/dL 
Total cholesterol 177 a,b (33) 170 a (33) 181 b (35) 176 a,b (33) .026 
Triglycerides 86 (38) 82 (35) 87 (41) 84 (40) .623 
HDL-cholesterol 57 (13) 55 (13) 58 (12) 57 (12) .393 
LDL-cholesterol 102 a,b (26) 98 a (27) 106 b (29) 102 a,b (26) .062 

Blood pressure, mm Hg 
Systolic 108 (11) 108 (12) 109 (11) 108 (13) .309 
Diastolic 69 (8) 67 (7) 69 (7) 68 (8) .270 

Plausible reporters (n = 598) Mean (SD) 

n (%) 228 (38.1) 96 (16.1) 205 (34.3) 69 (11.5) 
Energy intake (Kcal/d) 2250 (490) 2312 (524) 2333 (544) 2275 (509) .389 
Anthropometric measures 

Waist circumference, cm 75.7 (7.7) 75.2 (8.5) 76.6 (8.5) 74.2 (9.0) .189 
Fat mass, % 19.7 (8.5) 19.3 (8.0) 19.0 (8.3) 19.6 (7.4) .843 
BMI, kg/m 

2 22.3 (3.0) 22.2 (3.3) 22.5 (3.2) 22.1 (2.9) .735 
Glucose metabolism parameters 

Glucose, mg/dL 83 (8) 82 (7) 83 (6) 83 (6) .393 
Insulin, μUI/mL 8.58 (4.64) 8.16 (4.26) 8.52 (4.73) 8.68 (3.93) .867 
HOMA-IR 1 1.78 (1.17) 1.65 (0.89) 1.75 (1.01) 1.78 (0.87) .787 

Serum lipid levels, mg/dL 
Total cholesterol 178 (32) 171 (34) 180 (35) 178 (33) .178 
Triglycerides 86 (38) 83 (34) 88 (43) 85 (43) .735 
HDL-cholesterol 59 (12) 57 (14) 58 (12) 58 (12) .697 
LDL-cholesterol 102 (24) 97 (28) 104 (28) 103 (26) .231 

Blood pressure, mm Hg 
Systolic 107 (11) 106 (11) 109 (11) 107 (12) .107 
Diastolic 68 (7) 67 (7) 69 (7) 68 (8) .199 

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, 
low-density lipoprotein. 

1 HOMA-IR = insulin (μU/mL) × glucose (mg/dL) /405 [36]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the participant’s BMI and parents’ education level, those in
the lower intake dietary pattern presented the highest values
of anthropometric measures and the lowest parameters of
glucose metabolism, triglycerides, and blood pressure, with
only anthropometric measures and systolic blood pressure
being statistically significant. Considering only the plausible
reporters, participants in the lower intake pattern presented
the lowest parameters of glucose metabolism, triglycerides,
and blood pressure, with only glucose metabolism parame-
ters and blood pressure levels being statistically significant
( Table 2 ). 

On the longitudinal analyses, considering dietary patterns
at aged 13 years and metabolic parameters at aged 21 years, no
significant differences were found, both in the crude analysis
( Table 3 ) and after adjustment ( Table 4 ), considering the total
sample or the plausible reporters. 

An additional model with physical leisure time activity was
tested. Because the results were similar, we opted for the sim-
plest model. 

4. Discussion 

Our results support the hypothesis that a lower energy in-
take may contribute to a better cardiometabolic profile during
adolescence and showed that glucose metabolism and blood
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Table 4 – Anthropometric and cardiometabolic characteristics at 21 years of age, adjusted for sex, BMI, and participants’ 
education level, considering all the participants included in the 21-year-old analysis (n = 862) and only those identified as 
plausible reporters (n = 598). 

21 y old Dietary patterns identified at aged 13 y p value 

Lower intake Healthier Dairy products 
Fast food and 

sweets 

All participants (n = 862) Estimated mean (95% CI) 

n (%) 347 (40.3) 135 (15.7) 280 (32.5) 100 11.6 
Anthropometric measures 1 

Waist circumference, cm 79.3 (78.1–80.4) 78.2 (76.5–79.9) 78.3 (77.0–79.6) 76.9 (75.0–78.7) .108 
Fat mass, % 20.8 a (19.9–21.7) 20.1 a,b (18.8–21.4) 19.8 a,b (18.8–20.8) 18.8 b (17.4–20.2) .054 
BMI, kg/m 

2 23.7 a (233–24.2) 23.1 a,b (22.4–23.8) 23.1 b (22.6–23.6) 22.6 b (21.9–23.4) .029 
Glucose metabolism parameters 

Glucose, mg/dL 84 (83–85) 83 (82–85) 83 (82–85) 84 (82–86) .734 
Insulin, μUI/mL 8.94 (8.37–9.50) 8.29 (7.44–9.13) 8.61 (7.99–9.24) 9.04 (8.14–9.94) .436 
HOMA-IR 2 1.87 (1.74–2.00) 1.71 (1.52–1.91) 1.78 (1.64–1.92) 1.89 (1.68–2.09) .388 

Serum lipid levels, mg/dL 
Total cholesterol 173 a (169–177) 166 b (160–172) 179 c (174–183) 172 a,b (166–178) .002 
Triglycerides 81 (76–86) 76 (69–84) 83 (77–88) 79 (71–86) .415 
HDL-cholesterol 55 (54–57) 53 (51–55) 56 (54–57) 54 (52–57) .113 
LDL-cholesterol 101 a (98–105) 98 a (93–103) 106 b (102–110) 102 a,b (97–107) .015 

Blood pressure, mm Hg 
Systolic 107 a (106–109) 108 a,b (106–109) 109 b (108–112) 110 b (108–112) .027 
Diastolic 68 (67–69) 67 (66–68) 68 (67–69) 68 (67–70) .370 

Plausible reporters (n = 598) Estimated mean (95% CI) 

n (%) 228 (38.1) 96 (16.1) 205 (34.3) 69 (11.5) 
Glucose metabolism parameters 

Glucose, mg/dL 84 (83–85) 83 (81–84) 83 (82–85) 84 (82–85) .623 
Insulin, μUI/mL 8.12 (7.42–8.81) 7.59 (6.61–8.58) 8.17 (7.42–8.92) 8.24 (7.17–9.31) .699 
HOMA-IR 2 1.70 (1.54–1.86) 1.56 (1.33–1.79) 1.69 (1.51–1.87) 1.71 (1.46–1.96) .693 

Serum lipid levels, mg/dL 
Total cholesterol 173 a (168–178) 165 b (158–173) 177 a (171–182) 173 a,b (165–181) .034 
Triglycerides 78 (72–84) 74 (65–82) 81 (75–88) 76 (67–86) .397 
HDL-cholesterol 56 (54–58) 54 (51–56) 56 (54–58) 55 (52–58) .287 
LDL-cholesterol 102 (97–106) 97 (91–103) 104 (100–109) 102 (96–109) .147 

Blood pressure, mm Hg 
Systolic 107 (106–108) 107 (105–108) 108 (107–110) 109 (107–111) .178 
Diastolic 67 (66–68) 66 (64–68) 68 (67–69) 68 (66–69) .238 

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, 
low-density lipoprotein. 
Different superscript letters indicate significant differences among dietary patterns at P < .05 in the Tukey comparison. 

1 Adjusted for sex and participant’s education level. 
2 HOMA-IR = insulin (μU/mL) × glucose (mg/dL)/405 [36]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pressure were the most helped parameters. However, in the
longitudinal analysis, the hypothesis was not confirmed be-
cause the results did not reach statistical significance for pa-
rameters in early adulthood. In addition to the health benefits
described, a generalized lower energy intake may also benefit
planetary health [37] . 

To our knowledge, there is no widely accepted cutoff to de-
fine CR. Although no intervention was applied in the EPITeen
cohort, the difference in participants’ energy intake in to the
lower intake pattern identified as plausible, approximately
19% less Kcal/day than the mean energy intake of all the
plausible reporters, was even higher than the CR achieved
in the CALERIE trial [20] . Results from that trial showed that
even a mild CR (approximately 12%) seems to have beneficial
effects, with improved cardiometabolic risk factors in adults
with average risk at baseline [20] . 
In this study, participants in the lower intake dietary pat-
tern had the lowest mean energy intake and simultaneously
the highest anthropometric measures. The evaluation of en-
ergy intake identified almost half (49.1%) of those participants
as underreporters. Repeating the analysis excluding those
identified as misreporters, the differences in the energy in-
take were attenuated to around 19% less Kcal/day than the
mean energy intake of all the plausible reporters. Following
the literature, those who are overweight/obese are more likely
to underreport energy intake [38 ,39] . Thus, when consider-
ing only those identified as plausible reporters, those partic-
ipants belonging to the lower intake dietary pattern, in gen-
eral, presented the lowest anthropometric measures but a
higher fat mass percentage. The highest fat mass percentage
might be explained by the higher proportion of females (56.9%)
in this dietary pattern, who also have among the highest
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proportions of less-educated parents (29.0%) (Supplemental
Table S4). 

Although there is a dietary pattern designated “healthier,”
it is worth reinforcing that the lower intake dietary pattern
is not considered unhealthy. It is characterized by a general
lower consumption of all the food groups but with a varied
and relatively healthy diet [22] , which may also explain some
similarity of results with the healthier pattern. 

Although not statistically significant, at 13 years of age, par-
ticipants belonging to the lower intake dietary pattern tended
to present lower values of Homeostatic Model Assessment for
Insulin Resistance, triglycerides, and blood pressure. Although
the difference is tiny, because the cluster of these factors is
associated with a higher cardiometabolic risk in the short and
long term [40 ,41] , even a slight difference at this age may have
relevant gains from a population viewpoint [42] , despite the
lack of differences in the longitudinal analysis. 

Our results seem to be consistent regarding the glucose
metabolism parameters and the triglycerides values, despite
this not being valid for all serum lipid parameters evaluated.
Studies have suggested an association between hypertriglyc-
eridemia and insulin resistance; a decrease in triglyceride lev-
els seems to be associated with improved insulin sensitivity
[43–45] . 

Although the patterns of food group consumption seem
to track from adolescence into young adulthood [23] , the
differences in the energy intake between dietary patterns
were attenuated. This may explain the lack of differences in
the longitudinal approach in the cardiometabolic parameters
evaluated, which may reinforce the relevance of a lower
energy intake (i.e., our results suggest that despite the po-
tential benefit of a lower energy intake dietary pattern, the
benefit does not persist when the energy intake differences
are attenuated, even when maintaining a similar rank of
food consumption). The potential selection bias because of
follow-up losses and participant exclusion may reduce the
generalizability of our results. However, because this bias
may result in a more homogenous sample, we expected it
would contribute to reduced differences between groups.
Losses to follow-up occurred mainly among adolescents from
lower socioeconomic levels, with less-educated parents and
belonging to the fast food and sweets dietary pattern, leading
to a potentially more homogeneous group at 21 years of age.
The proportion of participants belonging to the lower intake
dietary pattern remained similar, but there was a sample size
reduction. 

Assessing diet through an FFQ has some limitations; we
minimized it using an FFQ validated for the Portuguese popu-
lation [29] . Additionally, for those in the 13-year-old age group,
the FFQ was self-administered, which may increase the bias,
mainly because of a low ability to estimate the amount of
food eaten and minimized by considering only the plausi-
ble reporters. However, an FFQ has been described as a valu-
able technique for evaluating diet in population-based stud-
ies and a valid method to rank adolescents regarding en-
ergy and nutrient intakes [46 ,47] . To identify the plausible
reporters, we used the Goldberg method, later corrected by
Black, which is valid compared with the gold standard (Dou-
bly Labelled Water) [48] . Besides, we used some methods,
such as using individual PAL instead of assuming a seden-
tary lifestyle for all, which increased the detection sensitivity
[49] . 

The main strength of our study is the longitudinal ap-
proach and the design using an observational population-
based approach that allowed us to study the effect of a diet
with a lower energy intake from adolescence to young adult-
hood in real life, addressing the ethical limitations that an ex-
perimental study would pose. Using cohort data also allowed
us to use cardiometabolic measures obtained, by trained
health professionals, from standardized evaluations over the
years, reducing the chances of bias compared with data from
routine appointments. 

To our best knowledge, no other studies have focused on
the effect of lower energy intake during adolescence or even
an observational study based on the general population rather
than a specific group that changes their habits according to
the study protocol. 

In conclusion, our study seems to bear out that, in adoles-
cents, a dietary pattern characterized by a lower energy intake
may contribute to a better cardiometabolic profile by promot-
ing better glucose metabolism and lower blood pressure. How-
ever, the results do not achieve statistical significance. Further
studies with larger samples across different age ranges, ac-
counting for misreporting and addressing the implications of
a lower energy intake during a maturation period and in the
long term, are needed. The long-term analysis showed no ef-
fect on the cardiometabolic profile in young adulthood, which
may result from changes in dietary patterns because the dif-
ferences in the energy intake between patterns were attenu-
ated from adolescence to adulthood. 
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