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  Abstract:  The present study analyzes the intake of omega 3 (n-3 PUFAs) and omega 6 (n-6 PUFAs) and 
dietary sources in a representative sample of Spanish adults. For this purpose 418 adults (18 – 60 y), from 15 
Spanish provinces were studied. The intake of energy and nutrients [specifi cally, the n-3 polyunsaturated 
fatty acids (PUFAs,) α-linolenic acid (ALA), eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA); 
and the n-6 PUFA, linoleic acid (LA)] was determined using a 24-hour recall questionnaire for two days. 
The Multiple Source Method (MSM) was used to estimate participants’ usual fatty acid intake. The total 
n-3 PUFAs intake was 1.8 ± 0.60 g/day (ALA: 1.3 ± 0.32, EPA: 0.16 ± 0.14, and DHA: 0.33 ± 0.21 g/day) 
and n-6 PUFA intake was 11.0 ± 2.7 g/day (LA: 10.8 ± 2.7 g/day). A high proportion of participants did 
not meet their nutrient intake goals for total n-3 PUFAs (84.7 %), ALA (45.0 %), and EPA plus DHA 
(62.9 %). The main food sources for ALA were oil, dairy products, and meat; for EPA fi sh; for DHA, 
fi sh, eggs, and meat; and for LA, oils, meat, and cereals. Therefore, an increase in the intake of foods rich 
in n-3 PUFAs or the use of supplements with n-3 PUFAs might help to improve the n-3 PUFA intake. 

  Key words:  omega-3 fatty acids, eicosapentaenoic acid, docosahexaenoic acid, omega-6 fatty acids, 
dietary sources, adults 

 Introduction 

 Omega-3 (n-3) and omega-6 (n-6) polyunsaturated 
fatty acids (PUFAs) are well recognized as neces-
sary nutrients for human health. Recently, there have 
been signifi cant advances that have highlighted the 
importance of some n-3 PUFAs [1, 2]. Studies have 
demonstrated the role of eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) in the prevention 
and treatment of different diseases, such as cardio-
vascular disease, arteriosclerosis, hypertension, breast 
and colorectal cancers, type 2 diabetes, infl ammatory 
bowel disease, asthma in children, rheumatoid arthri-
tis, depression, bipolar disorder, aggression, hostility, 
antisocial behavior, age-related macular degeneration, 
and cognitive decline [1 – 3]. 
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 Despite the fact that southern European countries 
such as Spain often follow the traditional Mediter-
ranean diet, the adoption of a Westernized diet is 
becoming more frequent, and this has led to a change 
in the intake of fatty acids (FAs) and a clear reduction 
in the intake of n-3 PUFAs among the population [3]. 

 Moreover, the dietary recommendations for fats 
and FAs have recently been modifi ed according to 
the last report published by the Food and Agriculture 
Organization of the United Nations (FAO). For in-
stance, the recommendation of maintaining a proper 
n-6/n-3 PUFAs ratio has been questioned in several 
studies [2, 3]. In this connection, the FAO has noted 
that there is no suffi cient evidence for a specifi c recom-
mendation, if intakes of both types of FAs lie within 
the recommendation [2]. 

 The information published so far regarding the in-
take of n-3 and n-6 PUFAs in Spain is not suffi cient 
[4]. Although several studies have been carried out in 
Spain [4 – 7], they do not represent the entire Span-
ish adult population. Moreover some reports have 
analyzed the intake of FA using food availability or 
household food intake data [8], but not data from 
individual food intake surveys [4]. Additionally, none 
of those studies have assessed the intake of FAs in the 
Spanish population since the last recommendations for 
fats and FAs were proposed by FAO [2]. 

 The aim of the present study was to determine n-3 
and n-6 PUFAs intakes, compare them with current 
national and international recommendations, and 
identify the main food sources in a representative 
sample of Spanish adults. 

 Subjects and Methods 

 Subjects 

 Data was obtained from the FANPE Study (“ Fuentes 
Alimentarias de Nutrientes en Población Española ” 
– Dietary Sources of Nutrients in the Spanish Popu-
lation), which was conducted by a contract with the 
Spanish Agency for Food Safety and Nutrition (AE-
SAN) to determine the food sources of energy and 
nutrients (with particular attention to sodium intake) 
in the Spanish population [9]. 

 A sample of 418 adults (196 men and 222 women) 
with ages ranging from 18 to 60 years was selected as 
a representative sample of the entire Spanish adult 
population. 

 The sample size was calculated, taking into account 
data provided by the Spanish Intersalt study [10], and 

the national population size of 18 – 60 years to be rep-
resentative for each gender and for that range of age 
of the Spanish population, assuming a dropout rate 
of 25 %. The initial sample size calculated was set at 
406 participants. Fifteen provinces were randomly 
selected with the proviso that the great majority of 
Spain’s autonomous regions were represented, includ-
ing the capital city of each province and a semi-urban/
rural town (randomly chosen). The total number of 
cities/towns included was 30. The number of subjects 
for each sampling point was allocated proportionally, 
according to the proportions for each subgroup of gen-
der (male/female) and for the groups of age (18 – 30, 
31 – 44, and 45 – 60 years) from the entire population. 

 All selected participants were healthy and lived 
in their own homes; neither hospitalized people nor 
those living in institutions were included in the present 
study. Individuals with a diagnosis of diabetes, hyper-
tension or renal disease, or who had been prescribed 
diuretics, were excluded. 

 The present study was conducted according to the 
guidelines laid down in the Declaration of Helsinki 
and all procedures were approved by the Ethics Com-
mittee of the Faculty of Pharmacy (Universidad Com-
plutense, Madrid, Spain). Written informed consent 
was obtained from all subjects. 

 Participants were randomly selected among the 
residents of each population and were invited to take 
part in the study via telephone (or in person in some 
of the rural areas). In each of the 30 sampling areas, 
when a participant was excluded at any site, or when 
participation was declined, another person of the 
same gender and age group was recruited. A group 
of 1835 individuals was initially recruited, and only 492 
(26.8 %) agreed to take part in the study. From these, 
74 individuals were excluded. The fi nal study sample 
size was 418 participants (53.1 % women) (22.8 % of 
the originally contacted sample). 

 Methods 

 Data were collected from January to September 2009. 
All the interviews and measurements were carried 
out by previously trained fi eld workers following the 
same protocol. Also, all participants received the same 
instructions to complete the questionnaires. 

 Anthropometric information 

 Weight and height were determined using a digital 
electronic scale (Seca Alpha, GmbH & Company, 
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Igni, France; range 0·1 – 150 kg, precision ±100 g) and 
a Harpenden digital stadiometer (Pfi fter, Carlstadt, 
NJ, USA; range 70 – 205 cm, precision ±1 mm), re-
spectively. For both measurements, participants were 
barefoot and wore only underwear. All data were mea-
sured by trained fi eld workers following the norms set 
out by the World Health Organization (WHO) [11]. 
Body mass index (BMI) was calculated from the body 
weight (kg) and height (m) measurements. 

 Dietary information 

 Dietary intake was recorded using an interviewer-
administered 24-hour recall questionnaire, conducted 
on two consecutive days [12]. All interviews were con-
ducted by trained fi eld interviewers. Participants were 
asked to report all foods and beverages consumed on 
the previous day. They were also asked about the food 
items included in the menu or recipes, the method of 
preparation, condiments added, the weight or size 
of the portions consumed (approximate weights or 
household measures such as cups, bowls, plates, etc.), 
indicating whether these weights or sizes correspond-
ed to raw or cooked food, with or without bone or skin, 
as well as the brand names of the manufactured food, 
and the name of the menu for restaurants or other 
foods eaten outside of home. Additionally, partici-
pants were asked to indicate the intake of fortifi ed or 
functional foods and provide information about the 
use, type, frequency of use, and the amount of dietary 
supplements. 

 The energy and nutrient intake were then calcu-
lated using food composition tables [13 – 16]. DIAL 
software (Alce Ingeniería, 2004) was used to analyze 
all dietary data [17]. The present study was focused 
on the intake of saturated fatty acids (SFA); mono-
unsaturated fatty acids (MUFAs); polyunsaturated 
fatty acids (PUFAs); total n-3 PUFAs, α-linolenic acid 
(ALA), eicosapentaenoic acid (EPA), and docosa-
hexaenoic acid (DHA); and total n-6 PUFAs and lin-
oleic acid (LA), expressed in grams per day (g/day) 
and in percentages of total energy (%E). The intakes 
of FAs (mainly, n-3 and n-6 PUFAs) were compared 
to national and international recommended dietary 
intakes [2, 18]. 

 The number of servings of the different groups of 
food consumed by the participants was calculated di-
viding the grams consumed by the size of the standard 
serving [13, 19]. These were compared with the recom-
mended servings established in the dietary guidelines 
for the Spanish population: (cereals and pulses: 6 – 10 
servings/day; greens and vegetables: 3 – 5 servings/day; 

fruits: 2 – 4 servings/day; dairy products: 2 – 3 servings/
day; meat, fi sh and eggs: 2 – 3 servings/day) [20]. 

 The contribution of each food group to the total 
intake of each FA was calculated as a percentage, by 
dividing the amount of each fatty acid provided by 
each food group for all persons by the total intake of 
this same fatty acid from all foods for all persons [21]. 

 Physical activity 

 Participants completed two physical activity question-
naires [22] describing the time spent on different daily 
activities, such as sleeping, eating, walking, resting, 
exercising, etc. One questionnaire asked about physi-
cal activity during the weekdays and the other during 
weekend. 

 An activity coeffi cient was established for each par-
ticipant by multiplying the time spent in each activity by 
coeffi cients related with the activity type: a coeffi cient 
of 1 for sleeping and resting; 1.5 for very light activities 
(those that can be done sitting or standing up such as 
ironing, typing, or painting); 2.5 for light activities (e. g., 
walking); 5 for moderate activities (e. g., playing tennis, 
skiing, and dancing); and 7 for intensive activities (e. g., 
cutting down trees and playing basketball). The sum 
of these values was then divided by 24. The weekday 
coeffi cient was multiplied by 6, the Sunday coeffi cient 
was then added to the weekday result, and the total 
was divided by 7. This provided the physical activity 
level (PAL) for each participant [23, 24]. 

 Basal energy expenditure was obtained using body 
weight, age, and the gender of each subject using the 
equations proposed by WHO [23,24], which was then 
multiplied by the individual PAL to provide the theo-
retical energy expenditure (TEE) for each participant. 

 Evaluation of self-reported dietary 
information 

 The dietary data were validated by taking into consid-
eration the discrepancy between the energy intake and 
the theoretical energy expenditure of each participant. 
The discrepancy was determined with the following 
equation: 

 (Theoretical energy expenditure-energy intake) x 
100/Theoretical energy expenditure 

 In participants with stable body weight, the energy 
intake should be similar to the theoretical energy ex-
penditure; divergences indicate either an under- or 
overestimation of energy intake [25, 26]. 
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 Health variables 

 Participants completed a questionnaire indicating the 
existence of disease and the intake of medication (data 
required to determine whether the participants met 
the inclusion criteria). 

 In addition, blood pressure was measured in the 
right arm of seated participants following a 5-minute 
rest period, using an Omron HEM-907XL automated 
sphygmomanometer (Omron Health Care, Inc., Ver-
non Hills, IL, USA) by a trained fi eld technician. To 
assess blood pressure in participants, the values     of 
systolic (>140 mmHg) and/or diastolic (>90 mmHg) 
were considered indicative of hypertension [27]. 

 Statistical Analysis 

 Mean and standard deviation (SD) were calculated for 
all studied variables. Preliminary analysis was carried 
out to test homoscedasticity of variances and normali-
ty of the data using Levene’s test and the Kolgomorov-
Smirnov test, respectively. The differences by sex were 
assessed using Student’s  t -test with quantitative data 
where the data was normally distributed, or using the 
Mann-Whitney test otherwise.  Pearson's and Spear-
man's correlation coeffi cients  were used to explore the 
relation between the different variables. The statistical 
signifi cance was set at p < 0.05. All calculations were 
made using SPSS software (version 19.0 for windows; 
SPSS Inc., Chicago, IL). 

 The usual dietary intake for foods, food groups, 
and nutrients was estimated by using the Multiple 
Score Method (MSM)  https://msm.dife.de/  [28]. The 
MSM analysis was performed assuming that all par-
ticipants were habitual consumers, since frequency of 
food consumption was not available. No covariates 
were included in the analysis. After the MSM was 
applied, due to the inter-correlation of energy intake 
with nutrients and food items, an adjustment of these 
variables for total energy intake using the residual 
method was performed [29,30]. 

 Results 

 Personal, anthropometric, and dietary intake charac-
teristics of the studied participants were analyzed by 
sex. Weight, height, BMI, and systolic and diastolic 
blood pressure were higher in men than in women 
(Table I). It is noteworthy that although this study 
was conducted in a healthy population, 11.5 % of the 

participants had blood pressure values suggesting hy-
pertension. 

 Moreover, energy intake, total energy expenditure, 
discrepancy of intake compared with total energy ex-
penditure (expressed as kcal/day and percentage), 
and the intake of meat (g/day) and cereals and pulses 
(servings/day), and meat, fi sh, and eggs (servings/day) 
were higher in men than in women. Nevertheless, the 
intake of sugars, appetizers, condiments, and sauces 
were higher in women than in men (Table I). 

 Mean daily servings of food groups (Table I) were 
contrasted with the recommended servings for the 
Spanish population [20]. Mean daily servings of ce-
reals and pulses (4.6 ±1.7 servings/day), greens and 
vegetables (2.9 ± 1.4 servings/day), and fruits (1.4 ± 1.0 
servings/day) were lower than the recommended serv-
ings (6 – 10 servings/day, 3 – 5 servings/day, and 2 – 4 
servings/day, respectively). Servings of dairy prod-
ucts (2.1 ± 0.4 servings/day) were in accordance with 
the recommended servings of 2 – 3 servings/day. In 
contrast, the servings of the group of meat, fi sh, and 
eggs (3.2 ± 0.3 servings/day) were higher than the 2 – 3 
servings/day recommended. However, when this food 
group was disaggregated, mean daily servings of meat 
(2.0 ± 1.3 servings/day) were higher than the servings 
of fi sh (0.89 ± 0.90 servings/day) and eggs (0.32 ± 0.35 
servings/day). 

 A positive and signifi cant correlation was found 
between age and the intake of vegetables (r = 0.170, 
p < 0.001), fruits (r = 0.217, p < 0.001), fi sh (r = 0.217, 
p < 0.001), and oils (r = 0.102, p < 0.05). 

 The mean daily intakes of total fat and FAs (ex-
pressed as g/day and %E) were analyzed by sex. The 
intakes of total MUFAs (%E), total PUFAs (%E), 
total n-3 PUFAs (%E), ALA (%E), EPA plus DHA 
(%E), total n-6 PUFAs, and LA (g/day and %E) were 
signifi cantly higher in women than in men (Table II). 

 A positive and signifi cant correlation was observed 
between the age and the intake of total n-3 PUFAs 
(r = 0.147, p < 0.01), ALA (r = 0.119, p < 0.05), EPA 
(r = 0.181, p < 0.001), DHA (r = 0.125, p < 0.05), and 
EPA plus DHA (r = 0.158, p < 0.01). 

 Also, a positive and signifi cant correlation was 
found between the intake of total fat and the in-
take of SFAs (r = 0.743, p < 0.001), MUFAs (0.873, 
p < 0.001), PUFAs (r = 0.420, p < 0.001), total n-3 PU-
FAs (r = 0.260, p < 0.001), ALA (r= 0.360, p < 0.001), 
n-6 PUFAs (r = 0.385, p < 0.001), and LA (r = 0.381, 
p < 0.001). No signifi cant correlation was found be-
tween the total fat intake and the intake of EPA, 
DHA, and EPA plus DHA. 

 In addition, a positive and signifi cant correlation 
was found between the intake of SFAs and MUFAs 
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(r = 0.466, p < 0.001) and ALA (r = 0.099, p < 0.05). A 
negative and signifi cant correlation between the intake 
of SFAs and the intake of EPA (r = -0.108, p < 0.05), 
DHA (r = -0.121, p < 0.05), and EPA plus DHA (r= 
-0.176, p < 0.001). 

 When blood pressure was analyzed by n-3 and n-6 
PUFAs intake, no signifi cant correlation was found 
between systolic blood pressure and total n-3 PUFAs 
(g/day) nor the intake of total n-3 PUFAs (%E). On 
the other hand, a negative correlation was found be-

Table I: Personal, anthropometric, and dietary intake characteristics of the study population by sex.

Total Men Women

n 418 196 222

Age (years) 36.4 ± 11.7 36.1 ± 11.6 36.6 ± 11.9

Weight (kg) 71.8 ± 14.8 81.1 ± 13.1 63.5 ± 10.8***

Height (cm) 168.0 ± 9.9 175.5 ± 7.3 161.3 ± 6.6 ***

BMI (kg/m2) 25.3 ± 4.1 26.3 ± 4.1 24.4 ± 4.0***

Systolic blood pressure (mmHg) 116.6 ± 16.3 123.6 ± 16.2 110.4 ± 13.7***

Diastolic blood pressure (mmHg) 73.8 ± 11.2 75.8 ± 11.6 72.1 ± 10.5***

Energy intake (kcal/day) 1 2176 ± 553.0 2395 ± 555.0 1982 ± 474.3***

Total energy expenditure (kcal/day) 2589 ± 488.0 3019 ± 332.5 2209 ± 207.8***

Discrepancy intake/expenditure (kcal/day) 1 413.3 ± 609.9 623.9 ± 629.8 227.5 ± 527.0****

Discrepancy intake/expenditure (%)1 14.3 ± 22.4 19.9 ± 19.5 9.43 ± 23.8***

Food intake (g/day)

   Cereals (g/day)1,2 171.5 ± 51.8 174.6 ± 59.3 168.9 ± 44.1

   Pulses (g/day)1,2 22.1 ± 26.9 20.4 ± 23.5 23.5 ± 29.5

   Vegetables (g/day)1,2 283.6 ± 121.6 281.5 ± 115.9 285.5 ± 126.6

   Fruits (g/day)1,2 255.0 ± 170.1 244.0 ± 165.5 264.7 ± 173.8

   Dairy products (g/day)1,2 357.8 ± 164.7 351.9 ± 183.1 362.9 ± 146.8

   Meat (g/day)1,2 164.2 ± 54.1 172.3 ± 55.8 157.0 ± 51.6**

   Fish (g/day)1,2 89.1 ± 54.1 89.1 ± 55.9 89.1 ± 52.5

   Eggs (g/day)1,2 28.4 ± 9.6 28.1 ± 9.8 28.7 ± 9.5

   Sugars (g/day)1,2 22.2 ± 23.2 19.9 ± 22.3 24.3 ± 23.9*

   Oils (g/day)1,2 35.1 ± 10.2 34.6 ± 10.8 35.6 ± 9.7

   Beverages (g/day)1,2 840.7 ± 607.3 852.3 ± 646.5 830.4 ± 571.6

   Precooked food (g/day)1,2 50.5 ± 146.7 54.1 ± 195.5 47.3 ± 82.7

   Appetizers (g/day)1,2 7.6 ± 9.0 7.0 ± 9.5 8.1 ± 8.6**

   Condiments and sauces (g/day)1,2 10.9 ± 6.7 10.1 ± 6.4 11.5 ± 6.8*

   Other foods (g/day)1,2 0.63 ± 8.0 0.97 ± 11.7 0.33 ± 0.76***

Food intake (servings/day)

   Cereals and pulses (servings/day)1 4.6  ± 1.7 5.0 ± 1.8 4.2 ± 1.5***

   Greens and vegetables (servings/day)1 2.9 ± 1.4 2.9 ± 1.3 2.9 ± 1.4

   Fruits (servings/day)1 1.4 ± 1.0 1.4 ± 1.0 1.5 ± 1.0

   Dairy products (servings/day)1 2.1 ± 0.4 2.2 ± 1.0 2.1 ± 0.87

   Meat, fi sh, and eggs (servings/day)1 3.2 ± 0.3 3.5 ± 1.0 2.8 ± 0.3***

Values are means and standard deviations. 
1Data adjusted for MSM method, 2Data adjusted for energy intake
Differences by sex *p < 0.05 **p < 0.01, ***p < 0.001
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tween systolic blood pressure and total n-6 (g/day) 
(r=-0.104, p < 0.05), total n-6 PUFAs (%E) (r=-0.118, 
p < 0.05), LA (g/day) (r=-0.106, p < 0.05), and LA (%E) 
(r=-0.117, p < 0.05). Similarly, a signifi cantly higher 
proportion of participants with blood pressure values 
suggestive of hypertension was found when the ratio 
of n-6/n-3 was ≤ 4 than when the ratio of n-6/n-3 was 
> 4 (22.6 % vs. 10.6 %; p < 0.01, respectively). 

 The proportion of participants who did not meet 
the nutrient intake goals for FAs is shown in Table 
III. There were a high proportion of participants who 
exceeded the nutrient intake goals in relation to total 
fat and SFAs. Also, a high proportion of participants 
had intakes of total n-3 PUFAs, ALA, and EPA plus 
DHA below the nutrient intake goals. 

 Only 0.5 % (n = 2) of the participants declared the 
use of supplements containing n-3 PUFAs. The per-
centage contribution of the different food groups to 

n-3 and n-6 PUFAs in the population studied is shown 
in Table IV. The main food sources for ALA were oils 
(20.1 %), dairy products (18.4 %), and meat (16.4 %); 
for EPA fi sh (98.0 %); and for DHA fi sh (76.0 %), 
eggs (12.8 %), and meat (10.3 %). Oils (26.3 %), meat 
(17.1 %), and cereals (15.1 %) were the major con-
tributors to LA intake. 

 Discussion 

 There are few studies regarding the intake of n-3 and 
n-6 PUFAs in the Spanish population and none of 
those studies have been performed in a representa-
tive sample of the population [5,8]. This study adds 
updated information concerning the intake of n-3 and 
n-6 PUFAs and also shows the main dietary sources 

Table II: Fatty acids intake by sex (g/day and %E).

Total Men Women

n 418 196 222

Total Fat (g/day)1,2 100.7 ± 13.1 100.1 ± 14.6 101.3 ± 11.8

(% E)1 41.8 ± 5.6 41.3 ± 5.5 42.1 ± 5.6

SFAs (g/day)1,2 32.5 ± 6.3 32.3 ± 7.2 32.7 ± 5.5

(% E)1 13.4 ± 2.5 13.4 ± 2.6 13.4 ± 2.5

MUFAs (g/day) 1,2 46.2 ± 7.1 46.1 ± 7.8 46.3 ± 6.5

(% E)1 19.3 ± 3.2 18.9 ± 3.1 19.6 ± 3.2*

PUFAs (g/day) 1,2 13.2 ± 3.0 12.9 ± 3.1 13.5 ± 3.0

(% E)1 5.5 ± 1.3 5.4 ± 1.2 5.7 ± 1.3**

Total n-3 PUFAs (g/day)1,2 1.8 ± 0.60 1.8 ± 0.70 1.8 ± 0.54

(% E) 0.77 ± 0.24 0.75 ± 0.25 0.79 ± 0.23*

ALA (g/day) 1,2 1.3 ± 0.32 1.3 ± 0.33 1.3 ± 0.31

(% E)1 0.54 ± 0.14 0.52 ± 0.14 0.56 ± 0.14***

EPA (g/day)1,2 0.16 ± 0.14 0.16 ± 0.20 0.16 ± 0.13

(% E)1 0.07 ± 0.06 0.07 ± 0.06 0.07 ± 0.06

DHA (g/day)1,2 0.33 ± 0.21 0.34 ± 0.24 0.33 ± 0.19

(% E)1 0.14 ± 0.08 0.14 ± 0.09 0.14 ± 0.08

EPA + DHA (g/day)1,2 0.50 ± 0.34 0.50 ± 0.38 0.48 ± 0.30

 (% E)1 0.22 ± 0.14 0.20 ± 0.15 0.23 ± 0.14**

Total n-6 PUFAs (g/day)1,2 11.0 ± 2.7 10.7 ± 2.7 11.3 ± 2.6*

(% E)1 4.6 ± 1.1 4.4 ± 1.1 4.7 ± 1.1**

LA (g/day)1,2 10.8 ± 2.7 10.5 ± 2.7 11.1 ± 2.6*

(% E)1 4.5 ± 1.1 4.3 ± 1.1 4.6 ± 1.1**

Values are means and standard deviations. 
1Data adjusted for MSM method, 2Data adjusted for energy intake
Differences by sex *p<0.05, **p<0.01, ***p<0.001
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in the adult Spanish population. The results of this 
study may be useful for Spain and for other developed 

countries and are crucial from the standpoint of nutri-
tion and health. 

Table III: Percentage of adults with inadequate intakes of fatty acids by sex (%).

Total Men Women

n 418 196 222

Total Fat >35 % E 1,2 89.5 88.8 90.1

SFAs ≥10 % E 1,2 90.2 89.3 91.0

PUFAs <4 % E 1 7.2 10.2 4.5*

>12 % E 1 0.00 0.00 0.00

<6 % E 2 70.8 76.0 66.2*

>11 % E 2 0.5 0.5 0.5

Total n-3 PUFAs <1% E 1 84.7 85.7 83.8

>2% E 1 0.00 0.00 0.00

<0.5% E 2 7.7 11.2 4.5*

>2% E 2 0.00 0.00 0.00

ALA ≤0.5%E 1,2 45.0 52.0 38.7*

EPA plus DHA ≤0.5g/day 1 62.9 62.2 63.5

<0.25g/day 2 18.4 20.4 16.7

>2g/day 2 0.2 0.5 0.00

LA <3%E 1 3.6 5.6 1.8*

>10%E 1 0.2 0.5 0.00

<2.5%E 2 0.5 0.00 0.9

>9%E 2 0.5 0.5 0.5

Values are proportions. Differences by sex *p<0.05
1 Nutrient intake goals for Spanish population [18]
2 FAO recommended dietary intakes [2] 

Table IV: Food sources of n-3 and n-6 PUFAs among Spanish adults (%).

 n-3 PUFAs ALA EPA DHA n-6 PUFAs LA

Cereals 6.9 9.7 0.10 0.61 11.5 15.1

Pulses 2.2 2.8 0.00 0.00 2.8 2.6

Vegetables 0.00 9.1 0.10 0.00 0.00 4.4

Fruits 7.8 10.4 0.00 0.00 9.3 8.5

Dairy products 14.2 18.4 0.00 0.07 4.2 3.7

Meat 15.9 16.4 1.8 10.3 19.7 17.1

Fish 27.8 3.4 98.0 76.0 5.8 5.1

Eggs 4.1 1.9 0.00 12.8 3.4 2.9

Sugars, sweets, and pastries 0.8 1.1 0.00 0.01 1.4 1.3

Oils 14.5 20.1 0.00 0.00 27.2 26.3

Beverages 0.86 1.1 0.00 0.00 1.07 0.97

Precooked food 1.1 1.2 0.00 0.00 2.7 2.4

Appetizers 0.81 1.1 0.01 0.00 2.3 2.2

Condiments and sauces 3.0 3.6 0.00 0.01 8.7 7.8

Other foods 0.00 0.00 0.00 0.00 0.01 0.01
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 Compared with the recommended daily servings 
for the different food groups [20], the number of serv-
ings of the group of dairy products (Table I) were 
adequate, while the number of servings of cereals and 
pulses and vegetables and fruits were low, and the 
number of servings of the group of meat, fi sh, and eggs 
were slightly high. Nevertheless, when the number 
of servings of the group of meat, fi sh, and eggs was 
disaggregated, the number of servings of fi sh and eggs 
were low in comparison with the number of servings 
of meat. These data are consistent with the results of 
previous studies carried out in Spain [31,32]. 

 In this population, the intake of total n-3 PUFAs, 
ALA, EPA, DHA, and EPA plus DHA of the partici-
pants increased with age. This is consistent with the 
results of another study performed in the Australian 
population that showed that older adults had higher 
intake of n-3 PUFAs (particularly EPA and DHA 
intakes) than younger adults, probably due to higher 
intake of fi sh and seafood products among older adults 
[33]. In our study, age also was positively associated 
with the intake of fi sh, as well as with the intake of 
vegetables, fruits, and oils, which could explain the 
higher intake of n-3 PUFAs among older adults. So it 
seems necessary to promote the intake of vegetables, 
fruits, and fi sh in young people. 

 Differences by sex in the intake of MUFAs, PU-
FAs, total n-3 PUFAs, ALA, EPA plus DHA, total 
n-6 PUFAs, and LA were observed (Table II). This 
could be due to the fact that women had higher intake 
of sugars, sweets, pastries, appetizers, and sauces than 
men (Table I), since these foods usually contain a 
signifi cant amount of oils, margarine, and shortenings 
among their ingredients, which are a major source of 
FAs in these nutrients [34]. 

 High fat intake is habitually accompanied by an 
increase in the intake of SFAs [35]. The results of 
this study showed a positive and signifi cant associa-
tion between the intake of total fat and the intake of 
SFAs, MUFAs, PUFAs, total n-3 PUFAs, ALA, n-6 
PUFAs, and LA. However, no association was found 
with respect to the intakes of EPA, DHA, and EPA 
plus DHA. This confi rms that an excess of fat in the 
diet (as in most of the participants) may not provide 
an adequate intake of EPA and DHA. 

 Additionally, a positive correlation was found be-
tween the intake of SFAs and MUFAs and ALA. It is 
necessary to emphasize that a negative correlation was 
found between the intake of SFA and the intakes of 
EPA, DHA, and EPA plus DHA. This suggests that 
it is advisable to meet the recommended number of 
servings for the group of meat, fi sh, and eggs, reduce 
meat intake (which was high in the population), and 

increase fi sh and egg intake (which was low in the 
population), since an increment in the intake of SFAs 
may displace the intake of n-3 PUFAs. 

 Several studies have showed a positive effect of n-6 
PUFAs intake on blood pressure control [2, 3]. This 
study showed a negative and signifi cant correlation 
between systolic blood pressure and both total n-6 
PUFAs and LA intakes. Moreover, in contrast to the 
recommendation of maintaining an n-6/n-3 ratio of 
4:1 [3], the results of this study showed a signifi cantly 
higher proportion of participants with blood pressure 
values suggestive of hypertension when the n-6/n-3 
ratio was ≤ 4 than when it was higher. 

 Moreover, n-3 and n-6 PUFAs intakes were lower 
in comparison with other studies performed in Spain 
and Australia [5, 8, 33], but were similar to other stud-
ies carried out in French and Belgian populations [36, 
37] (Table V). 

 For the purpose of providing a guide for the intake 
of FAs, a wide range of dietary recommendations 
has been established by different health and nutrition 
organizations [2,38 – 41]. However, setting a global 
recommendation for fats and FAs is complex due to 
the existence of different dietary patterns and the lack 
of convincing evidence [42]. The FAO has recently 
updated the recommended dietary intakes for FAs, 
based on the scientifi c developments in the fi eld of 
fats and FAs during the past fi fteen years     [2]  . Thus, in 
order to assess total fat and FA intakes of study par-
ticipants, the nutrient intake goals set for the Spanish 
population [18] and the recent recommended dietary 
intakes established by FAO     [2]   were used. 

 According to the results obtained in this representa-
tive sample of adults aged 18 to 60 years, an excess in 
the intake of total fat was clearly observed. Most of the 
studied population exceeded the nutrient intake goals 
for total fat (< 35 %E)     [2,18]   and for SFAs (<10 %E) 
    [2,18]  . Otherwise, the proportion of participants who 
did not meet the minimum values of the recommenda-
tions used for this study varied considerably (7.2 to 
70.8 %)     [2, 18]   (Table III). 

 Furthermore, the intake of n-3 PUFAs was also 
inadequate (Table II). A high proportion of partici-
pants (84.7 %) did not meet the nutrient intake goals 
for n-3 PUFAs (1 – 2 %E)     [18]   (Table III). Moreover, 
more than half of the participants did not meet the 
Spanish nutrient intake goals for EPA plus DHA 
(>0.5 g/day)     [18]  , most likely due to the lower intake 
of fi sh among the population (Table I) (61.9 % of the 
participants consumed less than one serving of fi sh 
per day). Regarding this, it is important to note that 
although Spain is a country with a high availability of 
fi sh, a clear tendency to reduce the intake of fi sh due 
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to changes in dietary patterns among the population 
has been observed     [3]  . 

 The minimum intake values for essential FA to 
prevent defi ciency symptoms are estimated in 0.5 %E 
for ALA plus 2.5 %E for LA     [2,18]  . Regarding this, 
we found a high percentage of the population did 
not meet the minimum intake for ALA (45.0 %), in 
contrast with the low percentage (0.5 %) that did not 
meet the recommendation for LA (Table III). 

 Moreover, the recommendation of maintaining a 
proper ratio of n-6/n-3 PUFAs is still controversial. 
The WHO/FAO in 2003 indicated an intake of n-6 as 
5 – 8 %E and n-3 PUFAs as 1 – 2 %E as essential for 
health [41]. However, the last report on fats and FAs 
by FAO notes that an increasing LA intake does not 
result in increased arachidonic acid (AA) in plasma 
or platelet lipids and does not increase formation of 
proinfl ammatory mediators. Furthermore, both n-6 
and n-3 FAs have been shown to have anti-infl amma-
tory properties that are protective against atherogenic 
changes in vascular endothelial cells. Therefore, there 
is no justifi cation for setting a recommendation for 
this ratio, if intakes of both FAs lie within the recom-
mendation established by the report [2]. 

 Additionally, the European Food Safety Author-
ity (EFSA) has not set specifi c values for the n-6/n-3 
ratio, since there are insuffi cient data on clinical and 
biochemical endpoints in humans to recommend a 
ratio independent of absolute levels of intake [38]. For 
this reason, it appears that more studies are needed to 
clarify whether it is necessary to set specifi c values for 
the n-6/n-3 ratio. Consequently, it would be appropri-
ate to ensure that intakes of n-3 and n-6 PUFAs lie 
within the established recommendation. 

 In terms of dietary sources, our study has shown 
that only 0.5 % (n = 2) of the study participants de-
clared the use of supplements containing n-3 PUFAs, 
suggesting a very low intake of these type of supple-
ments among the Spanish population. 

 In relation to food sources of n-3 PUFAs, the main 
sources for ALA found in this study were oils, fol-
lowed by dairy products and meat. As expected, fi sh 
was the main source for EPA (98.9 %) and for DHA 
(76.0 %). This was also found in studies performed in 
Australian, French, and Belgian populations [33, 36, 
37]. Considering that fi sh is the major source of EPA 
and DHA in the Spanish population, besides recom-
mending its regular consumption, it is important to 
raise population awareness about the use of published 
guides to choose sustainably produced seafood. 

 With respect to n-6 PUFAs, in this study, the intake 
of LA was mostly provided by oils, meat, and cereals. 
This was consistent with results from other studies T
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performed in Belgian, French and Australian popula-
tions [33, 36, 37]. The low intake of vegetables, fi sh, 
and eggs in the study population contributes to a low 
intake of PUFAs supplied by these foods. 

  One limitation of our study is the small sample 
size (418 subjects). Nevertheless, we consider that the 
results of the present study are valuable, taking into 
account that the sample had been selected from the 
entire national territory to be representative of the 
Spanish population of both sexes aged 18 to 60 years, 
and with the objective of collecting the variability of 
the Spanish diet. 

 In conclusion, this paper contributes to recent in-
formation on the intake of n-3 and n-6 PUFAs. These 
fi ndings suggest that the intake of n-6 PUFAs (par-
ticularly LA) seems to be suffi cient in the studied 
population. In contrast, the n-3 PUFAs intake should 
be improved in the adult Spanish population aged 18 
to 60 years. Therefore, it is advisable to increase the 
intake of foods rich in n-3 PUFAs such as fi sh (par-
ticularly oily fi sh), including fortifi ed food items, or to 
consider the use of supplements with n-3. 
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