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Abstract
Adequate nutritional intake in the first years of life is crucial for future health. The 
purpose of this study is to assess the adequacy of nutritional intake in Portuguese 
toddlers. The EPACI Portugal 2012 is a cross-sectional study of a representa-
tive sample of toddlers (n = 2230), aged between 12 and 36 months. Data on 
diets were collected by trained interviewers. The current analysis included 853 
children with full data from 3-day food diaries completed by parents/caregivers. 
Intakes of energy, macro- and micronutrients were estimated through Statistical 
Program to Assess Dietary Exposure (SPADE). Nutritional adequacy was evalu-
ated using Dietary Reference Values established by the European Food Safety 
Authority. A large proportion of children exceeded the recommended energy in-
take. The median daily protein intake was 4.7 g/kg/day, five times more than that 
recommended. About 9% and 90% of the children consumed a lower proportion 
of energy than the lower limit of the Reference Intake range for carbohydrates 
and fat, respectively. Around a third consumed less fibre and magnesium and 
100% less vitamin D than the recommended Adequate Intake (AI). Almost a third 
consumed less vitamin A than the recommended Average Requirement (AR) 
and 86% of the children showed excessive sodium consumption. Portuguese 
toddlers consumed a low proportion of energy from fat, had energy and protein 
intakes above the recommendations and excessive intakes of sodium, and inad-
equate intakes of vitamin A. Every child consumed less than the recommended 
AI for vitamin D.

K E Y W O R D S
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INTRODUCTION

Childhood obesity is currently a major public health 
problem (Karnik & Kanekar,  2012) and its prevalence 
in Portugal is high from the first years of life (Nazareth 
et al.,  2021; Spinelli et al.,  2019; Vilela et al.,  2019). 
Childhood nutrition determines children's growth and de-
velopment, and also plays an important role in the origin 
of obesity and some non-communicable diseases (Mello 
et al., 2016). Evidence supports that early feeding pat-
terns are determinants of children's future health and in 
the prevention of obesity and associated co-morbidities 
(Brands et al.,  2014; Koletzko et al.,  2012). Moreover, 
rapid weight gain in the first months of life increases 
the risk of being overweight and obesity throughout life 
(Druet et al.,  2012; Monteiro & Victora,  2005; Ong & 
Loos, 2006; Stettler et al., 2002, 2003).

The period between the end of the first year of life 
and pre-school age (12–36 months) is called toddler-
hood. During this period, there is a transition to the fam-
ily diet, making it an opportunity to review the family's 
diet and establish adequate eating habits. It is known 
that interventions at early ages are more effective in the 
long term, allowing easier maintenance of the learned 
behaviours throughout life (Araújo et al., 2011).

The first years of life are a period of rapid growth 
and development, requiring the satisfaction of high 
energy and nutritional quality needs, which empha-
sises the concern about the quality of children's diets 
(EFSA,  2017; Nazareth et al.,  2016). Nutritional ad-
equacy is defined as being the intake of essential 
nutrients sufficient to meet the nutritional recommen-
dations and promote optimal health (Castro-Quezada 
et al., 2014).

There are some studies on the nutritional intake, 
including toddlers, carried out in European countries, 
such as Spain (Dalmau et al.,  2015), England (Syrad 
et al.,  2016), Ireland (Walton et al.,  2017), Belgium 
(Huysentruyt et al., 2016), Germany (Alexy et al., 1999), 
Switzerland (Brunner et al.,  2018), Italy (Zuccotti 
et al.,  2020), Greece (Manios et al.,  2008; Roma-
Giannikou et al., 1997) or Finland (Kyttälä et al., 2010). 
In Portugal, data from the Generation 21 birth cohort 
(G21) (Lopes et al., 2014), at 4 years of age are avail-
able on the prevalence of nutritional inadequacy and 
main food sources for different nutrients. Likewise, 
data from the Portuguese National Food and Physical 
Activity Survey (IAN-AF) (Lopes et al., 2015) are avail-
able, but these do not allow nutritional inadequacy to 
be characterised and the main food sources in these 
ages identified. In Portugal, there are no representative 
studies measuring the nutritional inadequacy of diets 
specifically concerning toddlerhood.

Knowledge of nutritional status at early ages, partic-
ularly regarding nutritional inadequacy and the foods 
that contribute most to each nutrient intake, may help 
to establish food policies and guide the setting out of 

dietary recommendations for parents, caregivers and 
educators (Fox et al., 2004).

The purpose of this study is to assess the nutritional 
intake and respective adequacy of diets of a represen-
tative group of Portuguese toddlers and to identify the 
main food sources for specific nutrients in this group.

METHODS AND MATERIALS

Study design

This study was based on EPACI Portugal 2012 (Study 
of the Childhood Feeding Patterns and Growth), which 
was a cross-sectional study to characterise dietary in-
take and nutritional status of Portuguese toddlers (ages 
between 12 and 36 months).

Sample selection

The study aimed to recruit a representative sample of 
about 1% of Portuguese children aged 12–36 months 
living in mainland Portugal. The number of children to 
be evaluated in each NUTS II region was calculated 
(NUTS II is the Nomenclature of Statistical Territorial 
Units, which divides mainland Portugal in five regions). 
At that time, considering that about 100 000 births per 
year occur in Portugal, a sample of 2500 (2000 plus 
25% for refusals) was defined. The sample was strati-
fied by NUTS II, maintaining the proportions of births 
in each region, and children were recruited from 128 
health units, also randomly selected.

After the identification of the selected health units, a 
contact with the director of each health unit was made, 
to invite participation in the study, to request the list of 
children aged 12–36 months and to schedule the evalu-
ation day. Twenty-five children were randomly selected 
in each health care unit, their caregivers were con-
tacted and interviews were scheduled. The evaluations 
took place between May 2012 and July 2013.

All the proceedings of the study were carefully ex-
plained by phone, and once again to the caregiver who 
accompanied each child in the beginning of the face-
to-face interview. The participation was formalised 
through the signature of informed consent. This study 
was approved by the Portuguese Data Protection 
Authority and by the Ethic Committee of the Catholic 
University of Portugal (Ethics Screening Report 02/12) 
and by all the Ethics Committees of the five Portuguese 
Health Regional Administrations.

Data collection

Data were collected by trained interviewers. A struc-
tured study protocol was applied in face-to-face, 
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computer-assisted interviews, which included data on 
socio-economic characteristics of the household, pa-
rental nutritional status, children's health, dietary in-
take and supplementation during the first years of life. 
Furthermore, data on nutritional status were collected 
from the individual child health bulletin (a document in 
which the children's health data, including anthropo-
metrics evaluation over time, is recorded and which 
is given to all children's caregivers in Portugal), and 
children's anthropometric measurements were taken 
during the appointment. At the end of the interview, a 
3-day food diary was delivered to be filled out by the 
parents or another main caregiver. The procedure for 
completing of the diary and subsequently returning by 
postage-paid envelope (delivered at the time) was ex-
plained by the interviewers at the interview.

A Procedures Manual was created, tested and ex-
haustively presented to all interviewers to minimise er-
rors in the collection of data.

Dietary intake assessment

The 3-day food diary, including information on 2 
weekdays and 1 weekend day, was filled in by the 
caregivers, who were instructed to read the written 
instructions and to record the intake of all foods and 
beverages during these days, including detailed in-
formation about each item, the quantity consumed 
and the place and time of consumption, as well as 
all ingredients, cooking methods, recipes details (like 
type of fat used) in prepared dishes. Parents were 
encouraged to share the booklet with other caregiv-
ers of the children (for example, schools or nannies), 
to complete the information.

The codification of the food diaries was performed 
by a team of trained nutritionists and the food conver-
sion into nutrients was carried out subsequently using 
the software Food Processor® SQL (ESHA Research). 
This software is based on Food Composition Table of 

the United States of America Department of Agriculture. 
Furthermore, the database has been adapted by re-
searchers from the Institute of Public Health and Faculty 
of Medicine of the University of Porto with the inclusion 
of nutritional information of typical Portuguese foods 
and recipes.

The prevalence of nutritional inadequacy was ob-
tained by the comparison of the children's estimated 
intake of energy, macro- and micronutrients, obtained 
from food diaries, and the Dietary Reference Values 
established by the European Food Safety Authority 
(EFSA) for children in this age interval (12–36 months) 
(EFSA, 2017). For clarification, the different terminolo-
gies and respective definitions used were summarised 
in Table 1. The Reference Intake ranges for macronu-
trients (RI) and Average Requirements (AR) were used 
as the cut-offs or, alternatively, the Adequate Intake 
(AI) when the AR was not established (EFSA, 2010b). 
The AR was adjusted for intra-individual variability. 
The RI range was used for carbohydrates and total 
fat, and all children, whose intakes were outside the 
range (above the upper limit or below the lower limit), 
were considered to have inadequate or excessive in-
takes (EFSA, 2010b). For micronutrients, the percent-
age of intakes below the AR or AI cut-offs were used 
to estimate the prevalence of inadequate intakes with 
intakes below the cut-off revealing a likely inadequacy 
(EFSA,  2010b). However, intakes below the AI are 
not necessarily inadequate. For sodium, the tolerable 
upper intake level (UL) issued by Institute of Medicine 
was used as cut-off (EFSA, 2019; IOM, 2011) and in-
takes above this cut-off are considered to be excessive.

The 10 main food sources for energy, macronutri-
ents (protein, total fat, total carbohydrates, sugar and 
fibre) and micronutrients (calcium, vitamin C, vitamin 
B1, folate, potassium, sodium and iron) were obtained. 
To evaluate the main food sources, 13 groups were 
established. The name of each food group and the 
food items included in it are described in detail in the 
Table S1.

TA B L E  1   Terminologies and definitions of Dietary Reference Values (DRVs)a and Dietary Reference Intakes (DRIs)b used

Terminology Definitions

Reference Intake ranges for 
macronutrients (RI)a

Corresponds to the intake range for macronutrients, expressed as % of the energy intake

Average Requirement (AR)a Corresponds to the level of (nutrient) intake that is adequate for half of the people in a 
population group, given a normal distribution of requirement

Population Reference Intake (PRI)a Corresponds to the level of (nutrient) intake that is adequate for virtually all people in a 
population group

Adequate Intake (AI)a Corresponds to the value estimated when a Population Reference Intake cannot be established 
because an average requirement cannot be determined

Tolerable Upper Intake Level (UL)b Corresponds to the highest average daily nutrient intake level likely to pose no risk of adverse 
health effects to almost all individuals in a particular life stage and gender group

aDRVs from EFSA (EFSA, 2010b).
bThe Tolerable Upper Intake Level (UL) used in the case of sodium was based on DRIs issued by Institute of Medicine (Food and Nutrition Board, 2003).
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Statistical analysis

Median intake and percentiles 25 and 75 (P25; P75) of 
energy (in kcal per day), macronutrients (in %, grams 
or grams per kg, per day), and micronutrients (in mg or 
mcg per day) and nutritional inadequacy prevalence of 
macro- and micronutrients were estimated by gender 
and age. Prevalence estimates were weighted accord-
ing to the complex sampling design, considering strati-
fication by Portuguese geographical regions (NUTS 
II) and cluster effect for the selected Primary Health 
Care Unit. The Statistical Program to Assess Dietary 
Exposure (SPADE) software (Dekkers et al., 2014) was 
used to estimate usual intakes of energy, macro- and 
micronutrients, adjusting for intra-individual day-to-day 
variability, to estimate the prevalence of nutrients' inad-
equacy, and using survey weights, to assure nationally 
representative estimates. Statistical analysis was per-
formed using the R package nlme and the Statistical 
Package for the Social Sciences SPSS® version 27 for 
Windows®.

RESULTS

A total of 2230 children (n = 1049; 47% female) aged 
between 12 and 36 months were evaluated in EPACI 
Portugal 2012, 1107 (49.6%) aged between 12 and 
23 months and 1123 (50.4%) aged between 24 and 
36 months.

Only 931 mothers/caregivers filled in and re-
turned food diaries and, from these, 853 presented 
3-day complete dietary information (participation 

proportion - 38%). Only these were included in the 
present analysis, corresponding to 475 (55.7%) males. 
Approximately half (n = 427; 51.1%) were aged between 
12 and 23 months and (n = 426; 49.9%) between 24 and 
36 months.

These children (n  =  853) were compared with the 
rest of the sample (n = 1377) from the analysis regard-
ing characteristics such as parental age, education, 
body mass index (BMI) and child's gender, age, exclu-
sive breastfeeding at 4  months and BMI. Significant 
differences were found concerning gender (p = 0.042), 
maternal age (p < 0.001), paternal age (p = 0.004), ma-
ternal education (p < 0.001) and paternal education 
(p < 0.001) (Table 2). The sub-sample included in the 
analysis, therefore, has a higher proportion of boys and 
the parents were older and better-educated than the 
rest of the sample.

The median daily energy intake was 1221 kcal (per-
centile 25: 1078; percentile 75: 1381), being 1149 kcal 
(P25; P75: 1021–1291) in the second year of life (12–
23 months) and 1297 kcal (P 25; P 75: 1155–1455) in 
the third year of life (24–36 months) (Table 3). These 
median intakes and even the 25th percentiles were 
higher than the mean recommendations at 12 and 
24 months of age, which means that a large proportion 
of the children had a consumption above the energy 
recommendations for their age. The food groups that 
most contributed to energy intake were dairy products 
(25.4%) and cereal and cereal products, potatoes and 
other tubers group (23.5%) (Table S2). When analysing 
individual foods, the main energy sources were milk 
(10.7%), vegetable soup (8.8%) and fresh fruit (7%) 
(Table 4).

TA B L E  2   Demographic characteristics of the sample with the three-day complete diaries compared to the rest of the sample

Sample (n = 1377) Sample with 3-day complete diaries (n = 853) p

Child's gender
n (%)

Girls: 671 (48.7)
Boys: 706 (51.3)

Girls: 378 (44.3)
Boys: 475 (55.7)

0.042

Maternal education
n (%)

9 schooling years: 581 (43.0)
12 schooling years: 399 (29.5)
Higher education: 371 (27.5)

9 schooling years: 291 (34.3)
12 schooling years: 246 (29.0)
Higher education: 311 (36.7)

<0.001

Paternal education
n (%)

9 schooling years: 713 (54.6)
12 schooling years: 365 (27.9)
Higher education: 229 (17.5)

9 schooling years: 394 (47.5)
12 schooling years: 241 (29.0)
Higher education: 195 (23.5)

<0.001

Maternal age
[P50; (P25; P75)]

n = 1368
32.3 (13; 53)

n = 848
33.2 (14; 48)

<0.001

Paternal age
[P50; (P25; P75)]

n = 1298
34.9 (19; 62)

n = 832
35.7 (13: 68)

0.004

Pre-pregnancy BMI
[P50; (P25; P75)]

n = 1298
24.0 (15.1; 53.4)

n = 836
24.0 (14.7; 42.1)

0.753

Child BMI
[P50; (P25; P75)]

n = 1291
0.52 (− 4.37;3.82)

n = 812
0.45 (−4,15; 4.15)

0.335

Exclusive Breastfeeding at 4 months 
n (%)

Yes: 786 (62.7)
No: 468 (37.3)

Yes: 499 (64.2)
No: 278 (35.2)

0.484

Note: The values in bold correspond to statistically significant values.

Abbreviation: BMI, body mass index.
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The median daily protein intake was 4.7 g/kg/day 
(Table 3), more than five times the mean average re-
quirement, which is 0.87 g/kg/day for this age group 
(EFSA, 2012). The dairy products group contributed 
35.4% of protein intake, with the main food source 
being milk (15.1%) (Table S2). About 9% of the chil-
dren consumed a lower proportion of energy as car-
bohydrates than recommended lower limit (45–60% 
of total energy [TE]) and about 90% consumed a 
lower proportion of energy as fat than the recom-
mended lower limit (35%–40% of TE) (Table 3). The 
major contributors to carbohydrate intake were fresh 
fruit (14.6%) and vegetable soup (8.3%) and the main 
contributors for fat intake were also vegetable soup 
(13.4%) and milk (8.9%) (Table  4). Concerning fibre 
intake, the median intake was slightly higher than the 
recommended value (10.9 g vs. 10 g) and 36% of the 
toddlers had an intake below the AI (10 g), with this 
proportion, being higher in the second year than in the 
third year of life (39.3% vs. 32.8%) (Table 3). About 
50% of fibre intake was supplied by fresh fruit (31.4%) 
and vegetable soup (14.6%) (Table  4). An analy-
sis by gender was also carried out and differences 
were found in the prevalence of children that con-
sumed less fibre than the recommended AI (30.9% 
in male vs. 42.9% in female). The median total sugar 
intake, considering all mono- and disaccharides, was 
22.7% of TE. (Table  3). The main food sources for 

this nutrient were fresh fruit (20.1%), milk (15.4%) and 
yogurt (13.9%) (Table 4).

The median intake of vitamin C (58.3 mg) was almost 
four times higher than the recommendation (15 mg). 
The median intake of folate was almost double the rec-
ommendation (Table 5). The main food groups contrib-
uting to folate intake are cereal and cereal products and 
potatoes and other tubers (36.1%) (Table S3) and the 
main food sources were breakfast cereals (12.7%) and 
vegetables (11.4%) (Table 6). Regarding vitamin A, the 
prevalence of inadequacy between 12 and 23 months 
was almost twice as high as between 24 and 36 months 
(35.7% vs. 19.3%) (Table 5). For calcium, the median 
intake was much higher than the AR for calcium, as 
was the median intake of phosphorus above the AI for 
phosphorus (Table  5). The median intake of vitamin 
B12 was almost double the AI but 30% of the children 
consumed less magnesium than the recommended 
AI (Table 5). Concerning iron, the prevalence of nutri-
tional inadequacy in the second year of life was higher 
than in the third year (15.3% vs. 9.3%) and the main 
food sources were infant cereals (25%) and breakfast 
cereals (14.7%) (Table  6). Regarding sodium, most 
children were above the UL, and the prevalence of ex-
cessive intakes in the third year of life was higher than 
in the second year (95.6% vs. 79.5%) (Table  5). The 
main contributor to sodium intake was vegetable soup, 
providing more than 40% (Table  6). When analysing 

TA B L E  3   Median intakes of energy and macronutrients and respective prevalence of inadequacy, by age (months)

DRV (1) Total median (P25-P75) PI %
Age 12–23 months 
median (P25-P75) PI %

Age 24–36 months 
median (P25-P75) PI %

Energy (Kcal/day) Mean
870a (2)

1221
(1078; 1381)

— 1149
(1021; 1291)

— 1297
(1155; 1455)

—

Boys Mean
903a (3)

1246
(1100; 1412)

— 1177
(1045; 1326)

— 1318
(1171; 1484)

—

Girls Mean
829a (4)

1190
(1055; 1336)

— 1115
(995; 1244)

— 1270
(1140; 1411)

—

Protein (g/kg/d) Mean
0.87a (5)

4.7
(4.1; 5.4)

— 4.8
(4.2; 5.5)

— 4.5
(3.9; 5.2)

—

Carbohydrates (% of 
energy)

45–60b 50.3
(47.7; 52.9)

9.2 50.4
(47.8; 53.0)

8.8 50.2
(47.6; 52.8)

9.5

Fibre (g) 10c 10.9
(9.2; 12.8)

36d 10.7
(9.0; 12.5)

39.3d 11.2
(9.4; 13.0)

32.8d

Total sugar (% of energy) 22.7
(20.3; 25.2)

— 23.7
(21.3; 26.1)

— 21.7
(19.4; 24.0)

—

Total fat (% of energy) 35–40b 30.8
(28.8; 32.9)

90.9 30.9
(28.9; 33.0)

90.9 30.8
(28.8; 32.9)

91

Note: (1) Recommendations from European Food Safety Authority.

Note: (2) Mean of average requirement at 1 and 2 years old (745; 987).

Note: (3) Mean of average requirement at 1 and 2 years old (777; 1028).

Note: (4) Mean of average requirement at 1 and 2 years old (712; 946).

Note: (5) Mean of average requirement at 1 and 2 years old (0.95 and 0.79).

Abbreviations: DRV, dietary reference value; PI, prevalence of inadequacy.
aAverage requirement.
bReference intake.
cAdequate intake.
dIn the case of AI's, these % correspond to % of children who are below the AI value.
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nutritional intake by gender, girls presented a lower in-
take of vitamin B12 (lower than AI: 8.5% in girls and 
3.6% in boys) and magnesium (lower than AI: 35.0% in 
girls and 25% in boys).

DISCUSSION

A large proportion of Portuguese toddlers had an ex-
cessive consumption of energy and sodium, high in-
takes of protein and a poor intake of vitamin A. They 
also consumed a low proportion of energy from fat due 
to the high proportion of energy from protein. About 
one-third of the sample consumed less than the rec-
ommended AI for fibre and magnesium and 100% had 
intakes less than the AI for vitamin D. For the other 
macro- and micronutrients, the intake was similar to the 

recommendations or presented negligible proportions 
of inadequacy.

These toddlers presented a high energy intake, 
as observed in other studies (Devaney et al.,  2004; 
Huysentruyt et al., 2016; Manios et al., 2008). Besides 
resting energy expenditure, the recommendations for 
energy account for the energy needed for physical ac-
tivity (at these ages, considered a low active lifestyle) 
and an additional 1% of energy expenditure for growth 
(EFSA, 2013). Excessive daily intakes of energy result 
in a positive energy balance that can predispose to 
obesity and ultimately, cardiovascular diseases (Weber 
et al., 2014) (FAO/WHO, 2003) (Smethers et al., 2019). 
Previous analyses of this sample, published by our 
group, found that at 24 months, 7.5% of toddlers were 
overweight or obese with a BMI z-score greater than 2 
and 26.5% were at risk of overweight or obese with a 

TA B L E  5   Median intake of micronutrients and respective prevalence of inadequacy, by age (months)

DRV (1)
Total median 
(P25-P75) PI %

Age [12–
23 months] median 
(P25-P75) PI %

Age [24–
36 months] median 
(P25-P75) PI %

Vitamin A (mcg/d) 205a 271.2
(197.7; 360.9)

27.4 242.8
(176.7; 323.6)

35.7 301.2
(224.3; 393.8)

19.3

Vitamin B1 (mg/d) 0.30a M;
0.28a F

0.7
(0.6; 0.9)

0.1 0.7
(0.6; 0.8)

0.2 0.8
(0.7; 1.0)

0

Vitamin B2 (mg/d) 0.5 1.4
(1.1; 1.8)

0.4 1.3
(1.0; 1.6)

0.7 1.6
(1.3; 1.9)

0.1

Vitamin B6 (mg/d) 0.5a 1.1
(0.9; 1.3)

0.4 1.0
(0.8; 1.2)

0.6 1.2
(1.0; 1.4)

0.1

Folate (mcg/d) 90a 158.2
(131.6; 190.0)

1.9 147.0
(123.2; 175.4)

3.1 169.9
(142.4; 202.7)

0.8

Vitamin B12 (mcg/d) 1.5b 2.9
(2.2; 3.7)

5.5c 2.6
(2.0; 3.3)

8c 3.1
(2.4; 4.0)

3c

Vitamin C (mg/d) 15a 58.3
(46.7; 72.0)

0 59.5
(47.7; 73.4)

0 57.1
(45.7; 70.6)

0

Vitamin D (mcg/d) 15b 2.1
(1.2; 3.3)

100c 2.3
(1.4; 3.6)

100c 1.9
(1.1; 3.0)

100c

Calcium (mg/d) 390a 970.3
(836.0; 1118.3)

0 942.9
(812.3; 1086.8)

0 997.6
(861.9; 1146.9)

0

Iron (mg/d) 5 7.8
(6.0; 10.1)

12.3 7.3
(5.7; 9.5)

15.3 8.2
(6.4; 10.6)

9.3

Magnesium (mg/d) 170b 187.1
(166.0; 209.2)

29.3c 179.0
(159.0; 200.0)

38.2c 195.1
(174.3; 216.9)

20.6c

Phosphorus (mg/d) 250b 961.1
(833.9; 194.5)

0c 906.9
(787.4; 1032.0)

0c 1015.4
(890.9; 1145.4)

0c

Potassium (mg/d) 800b 2246.5
(1993.1; 2513.7)

0c 2156.3
(1914.5; 2411.0)

0c 2336.8
(2085.8; 2600.8)

0c

Sodium (g/d) 1.5d (4) 1.9
(1.6; 2.1)

85.6 1.8
(1.6; 2.0)

79.5 2.0
(1.7; 2.2)

91.6

Note: (1) Recommendations from European Food Safety Authority.

Note: (2) Cut-off from Food and Nutrition Board of the Institute of Medicine.

Abbreviations: DRV, dietary reference value; F, female; M, male; PI, prevalence of inadequacy.
aAverage requirement.
bAdequate intake.
cIn the case of AI's, these % correspond to % of children who are below the AI value.
dTolerable upper intake level.
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BMI z-score greater than 1 and less than 2 (Nazareth 
et al., 2021).

The food group that most contributed to energy in-
take was dairy products, which contributed more than 
25%, with milk being the major food contributor (10.7%). 
Other studies carried out in the United States also found 
that milk was the largest contributor to energy intakes 
from 12 to 24 months, with even higher contributions 
of more than 20% of energy intake (Fox et al., 2006; 
Grimes et al., 2015). Data from the G21 for Portuguese 
children at 4 years of age (Lopes et al., 2014), showed 
that dairy products contributed 21.3% of the energy in-
take, with milk also being the major contributor, repre-
senting 13.9%.

The average protein intake was 4.7 g/kg/day, corre-
sponding to more than five times the average recom-
mended intake (0.87 g/kg/day) by EFSA (EFSA, 2012). 
This result is in accordance with other studies, where 
the intake of protein was three or four times higher than 
the respective recommendations (Brunner et al., 2018; 
Michaelsen & Greer, 2014; Walton et al., 2017). These 
results are also in line with other two Portuguese 
studies, the G21 (4.2 g/kg/day) for children at age of 
4 (Lopes et al., 2014) and the IAN-AF, where the au-
thors found that 83.2% of the children below 10 years 
had an intake above 2 g/kg/day (Lopes et al., 2015). 
The EPACI results showed high protein intakes from a 
young age and corroborate, once again, the observa-
tions of protein intakes above recommendations that 
have been described in several European countries 
(Agostoni et al., 2005; Hörnell et al., 2013). The liter-
ature supports that an excessive intake of protein at 
earlier ages was associated with a greater risk of over-
weight and obesity in long term (Günther et al., 2007; 
Michaelsen & Greer, 2014; Weber et al., 2014), and it 
can be explained by the “Early Protein Hypothesis” 
(Koletzko et al.,  2013; Michaelsen,  2000; Rolland-
Cachera et al., 1995).

The main food source for protein intake was milk 
(15.1%). Milk was a central food in the Portuguese 
toddler's diet, although the European Society for 
Paediatric Gastroenterology Hepatology and Nutrition 
(ESPGHAN) recommendations (ESPGHAN,  2017a) 
establish that from the age of complementary feeding 
(between 17 and 26 weeks), milk should no longer be 
the main food. Between the first and the third year of 
life, the daily consumption of dairy products should not 
exceed 400–500 ml (Benelam et al., 2015). In fact, milk 
continues to appear as a main food at this age, as par-
ents always find it to be a complete food. It is a food 
that is familiar for children, who will therefore not reject 
it, providing an easy and convenient source of calories, 
and nutrients. The small decrease in average protein 
intake from the second year (4.8 g/kg/day) to the third 
year (4.5 g/kg/day) can be explained by the decrease in 
milk consumption with increasing age.

EPACI results described a high prevalence of inad-
equate fat intakes, where 90% of children consumed 
a lower proportion of energy as fat as that recom-
mended (35%–40%). However, added fat is often un-
derestimated, which can lead to an overestimation of 
inadequacy. It should also be noted that even though 
fat intakes as a proportion of energy are below the 
recommendations, the children had a high energy in-
take so that the absolute fat intake could meet or even 
exceed their needs. Nonetheless, we can find other 
references to the low intake of fat at these ages, in 
the literature. Walton et al. (Walton et al., 2017) found 
that 87% of children had a fat intake below recom-
mendations, and the present results are also in line 
with previous results in the Portuguese population 
(Lopes et al., 2015; Vilela et al., 2019). The main food 
sources for fat were vegetable soup (13.4%), milk 
(8.9%), beef and veal (6.9%) and poultry (6.8%). As 
mentioned, milk continues to be a preponderant food 
in Portuguese toddlers' diets, and that at this age, 
the most consumed type of milk is semi-skimmed 
milk. This may explain why milk was not the main 
supplier of fat and contributes to the nutritional inad-
equacy of vitamin A since whole milk is also a good 
source of vitamin A, but semi-skimmed is not. Total 
fat was previously associated with cardiovascular dis-
ease (CVD), which probably led to changes in eating 
habits that included a reduction in its consumption 
(in all ages). This may explain the low intakes found 
in our study since there are no recommendations in 
Portugal, as there are in other countries such as the 
United Kingdom, not to give semi-skimmed milk as a 
main drink to children under 2 years. However, in the 
first years of life, fat plays a fundamental role in the 
maturing of cell membranes, especially in the central 
nervous system and in the retina (EFSA, 2010a). For 
this reason, it is not recommended to reduce fat in-
take until the age of 3 years, even in cases where the 
child presents dyslipidaemia or family risk for this dis-
ease. It is therefore important to also consider intakes 
of the different fatty acids (EFSA, 2010a).

Our results showed that 36% of the toddlers con-
sumed less than the recommended AI for fibre, a pat-
tern which has already been found in other studies. In 
fact, another Portuguese study concerning children 
aged between 7 and 9 years, found a prevalence of 
fibre inadequacy of about 90% (Valente et al.,  2010), 
although a different recommendation was used. The 
main food sources for fibre were fresh fruit (31.4%), 
vegetable soup (14.6%) and vegetables (10.1%). The 
intake recommendations of five child-size portions of 
vegetables and fruit per day (Benelam et al., 2015; HSC 
Public Health Agency Belfast, 2018) must be achieved, 
so it is important to pay attention to this issue, always 
including vegetables in main meals (lunch and dinner) 
and including fruits in meals and snacks.
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European children's sugar intake exceeds the rec-
ommendations (ESPGHAN, 2017b). The literature es-
tablished that an excessive intake of sugar is related to 
dental caries (ESPGHAN, 2017b; Moynihan, 2016) and 
higher risk of overweight/obesity (ESPGHAN, 2017b). 
In the EPACI data, the median intake of total sugar was 
almost 25% of TE, and this percentage may be higher, 
since sugar consumption is often under-reported. 
However, the intake of free sugars was not possible 
to ascertain, and therefore it is not possible to deter-
mine the inadequacy prevalence. In fact, the three 
main food sources of sugar (fresh fruit, milk and yo-
gurt) have naturally present sugars, which are not in-
cluded in the definition of free sugars. As such, it can 
be postulated that the total sugar consumption was 
high, but an evaluation regarding only the free sugars 
would be more comprehensive. The EFSA recommen-
dations were still not available in respect of sugar, but 
the World Health Organisation (WHO) Guidelines can 
be used (WHO, 2015). WHO guidelines for children and 
adults establish a cut-off of 10% of energy intake of free 
sugars, or even 5%. On the other hand, ESPGHAN 
(ESPGHAN, 2017b) advocate that the consumption of 
free sugars should be, at most, 5% of the TE intake for 
children of these ages.

A Portuguese study (Marinho et al., 2020) that an-
alysed the different types of sugars found that almost 
30% of children under 5 years consumed free sugars 
below 5% and almost 70% below 10%. The same study 
(Marinho et al.,  2020) found that yogurts (16.1%) and 
infant cereals (14.2%) were the main food sources of 
free sugar in children under 5 years, and the main food 
sources of total sugars were milk (15.9%) and fruits 
(15.7%), which is in line with our results that are related 
to the total sugar.

In toddlerhood, rapid growth occurs, which is ac-
companied by an increase in nutritional requirements 
(Allen & Myers, 2006; Riley et al., 2018). At this stage, 
children acquire motor skills and become increasingly 
independent and able to feed themselves (Allen & 
Myers,  2006). Caregivers must provide a diversified 
diet, since a monotonous one could lead to nutritional 
deficits (Allen & Myers, 2006). Micronutrients play an 
important role in this life stage, characterised by rapid 
growth and development, with the needs per kg of 
weight being the highest in life and much higher than 
for adults (Weaver et al.,  2008). This reinforces the 
importance of a varied and balanced diet (Benelam 
et al., 2015). A healthy diet during toddlerhood is also 
crucial to establish appropriate dietary habits in the fu-
ture (Saavedra et al., 2013).

EPACI data revealed a low prevalence of nutritional 
inadequacy for many micronutrients, such as vitamins 
B1, B2, B6, C, folate, calcium, but a prevalence of inad-
equacy for iron (12.3%), and vitamin A (27.4%). It also 
showed excessive intakes of sodium (85.6%). Similar 
results were found in previous national studies (Lopes 

et al.,  2014; Valente et al.,  2010) and in international 
studies in this age group (Brunner et al., 2018; Dalmau 
et al., 2015; Syrad et al., 2016).

Our results emphasise that food is a small contribu-
tor to vitamin D adequacy in this age group, as the total 
sample (100%) had an intake below the recommended 
AI. Since the main source of vitamin D is sun exposure, 
in cases where an adequate sun exposure is not guar-
anteed and/or recommended, supplementation should 
be considered. Apart from the recommendation for its 
universal supplementation during the first year of life, 
with a dosage of 400 IU/day (ESPGHAN, 2013; Wagner 
& Greer, 2008), supplementation should also be con-
sidered at any age, in at-risk groups, and especially 
during the fall and winter months (Holick et al.,  2011; 
Saggese et al.,  2018). Furthermore, unprotected sun 
exposure is not recommended until at least 2 years of 
age and this highlights the recommendation for univer-
sal supplementation in vitamin D up to that age, in line 
with the current recommendations from some nutrition 
committees (ESPGHAN, 2013).

More than a quarter of children were likely to have 
inadequate vitamin A intakes. Vitamin A can be found 
in the fat of dairy products, as well as in foods such 
as liver, eggs, yellow-orange vegetables and fruits and 
dark green vegetables (Mahan & Escott-Stump, 2000). 
An explanation for the high vitamin A inadequacy prev-
alence can be related to the low consumption of eggs 
and the reduced fat content of some dairy products, 
despite a heavy consumption of dairy products at these 
ages. As such, the use of reduced fat dairy products is 
probably not the best option at these ages.

About one-third of the toddlers (29.3%) con-
sumed less than the recommended AI for magne-
sium. However, the median intake of magnesium was 
higher than the recommended AI and, therefore, the 
probability of inadequacy is low. These results are in 
line with the results found in other studies in different 
Portuguese populations (Dalmau et al.,  2015; Lopes 
et al., 2014; Valente et al., 2010), some of which were 
conducted in older children (4 and 7–9 years old). The 
main food sources of magnesium are dried fruit, seeds, 
whole grains and dark green leafy vegetables, foods 
which are less frequently consumed by younger chil-
dren, which may explain our results.

Our data also showed an excessive intake of so-
dium (especially considering the likely under-reporting 
of sodium) in children aged 12 months onwards. 
Sodium addition is proscribed during first year of life 
(ESPGHAN, 2017a) and sodium needs can be easily 
supplied by the salt naturally present in foods con-
sumed by toddlers, so salt should not be added to food. 
The main food sources for sodium consumption were 
homemade vegetable soup (42.1%) and salt added to 
other dishes, mainly cooked at home (8.6%). Thus, 
since at this age children are supposed to be included 
in the family diet, it is important to reduce the amount 
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of salt added (including in the vegetable soup) in the 
preparation of food for the whole family. There is an as-
sociation between early consumption of excess sodium 
and the risk of hypertension, with the prevalence of hy-
pertension in the Portuguese adult population being 
almost 40% (Rodrigues et al., 2019).

Many studies reveal a high prevalence of nutri-
tional inadequacy for iron in young children (Brunner 
et al.,  2018; Syrad et al.,  2016), and a prevalence of 
nutritional iron inadequacy of 12.3% was found in this 
study. Inadequate iron intakes at this age could be 
explained by the high consumption of dairy products, 
which take the place of iron-rich foods, such as meat, 
and which also reduce the bioavailability of the iron 
(ESPGHAN,  2014). This is particularly relevant since 
the high growth velocity observed at this age results 
in a depletion of iron reserves around the sixth month 
of life, increasing the risk of iron deficiency and/or 
anaemia (EFSA, 2015). Iron plays an essential role in 
growth and health and its insufficiency in early ages 
may have implications on cognitive function and devel-
opment (Walton et al., 2017). It is important that iron-
rich and iron-fortified foods are always included in the 
diet, especially at these ages (Eussen et al., 2015), and 
particular attention must be paid to the amount of milk 
consumed.

In our study, the main contributors to the energy in-
takes were dairy products and vegetable soup, dairy 
products also being the main contributors to protein in-
takes. Although vegetable soup intake was relevant, we 
found that the total vegetable consumption was below 
the Portuguese dietary recommendations (Rodrigues 
et al.,  2006). Intakes of cereals and tubers and fruits 
were also below the Portuguese dietary recommen-
dations (Rodrigues et al., 2006). It would be helpful to 
promote the consumption of vegetables in main meals, 
as well as to increase the consumption of cereals, tu-
bers and fruit throughout the day. We also found that, 
despite being foods that should not be part of toddlers' 
diets, sweets and sweet beverages are among the 
top nine food groups contributing to energy intake of 
toddlers.

The main strengths of this study are: (1) it is based 
on a national representative sample (Portugal main-
land) - in fact, the EPACI Portugal 2012 was the first 
study which provided dietary data about the intake of 
energy and nutrients, the prevalence of inadequate 
intakes and main food sources specifically in toddlers 
ages in Portugal; (2) the utilisation of food diaries as 
method for dietary intake assessment, which within the 
methods to record dietary intake is considered the gold 
standard.

However, some weaknesses must also be consid-
ered: only 38% of the sample filled in and returned the 
3-day food diaries, although this participation rate is 
similar to other studies (Marinho et al., 2020; Moreira 
et al.,  2015). Since this subsample (38%) consisted 

of older and better educated parents who, in general, 
tend to be better informed and more careful with their 
children's diet (Costarelli et al., 2022), the inadequacies 
could theoretically have been higher if the analysis had 
included all the assessed children.

It is important to consider that the data was reported 
by parents, which can lead to over or underreporting. 
Moreover, another weakness of our study was the anal-
ysis of sugars intake, which did not allow us to differ-
entiate between added, free and total sugars, meaning 
a comparison with existing cut-offs that relate only to 
free sugars could not be made. Finally, since the data 
collection of the EPACI study was made 10 years ago, 
some food habits may have changed and the collection 
of updated data would be pertinent. Notwithstanding, 
these data are valuable as the baseline for further 
assessments.

CONCLUSIONS

Portuguese toddlers presented high intakes of energy 
and protein and a low proportion of energy from fat. 
Milk plays an important role in the diet at this age and 
was the main food responsible for this imbalance in the 
diet. An excessive intake of sodium begins at a young 
age, low intakes of vitamin A was observed in nearly a 
third of children and 100% of the children consumed 
less vitamin D than the recommended AI. The main 
contributor to sodium intake was vegetable soup and 
salt added to other dishes, reinforcing the importance 
of the recommendation to reduce salt when cooking at 
home. These data do not support a universal recom-
mendation of multivitamin supplementation during tod-
dlerhood, but supplementation must be considered for 
vitamin D.
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