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of the participants reached the recommended folate intake 
during pregnancy, whereas nearly 90% reached the DHA 
recommended intake of 200 mg per day. 
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 Introduction 

 Nutrient requirements increase markedly during 
pregnancy to support fetal growth and expansion of ma-
ternal tissues. The quality of nutrient supply during preg-
nancy is associated with maternal health, pregnancy out-
come, rate of complications as well as fetal development 
and growth  [1, 2] . Poor maternal nutrition is one of the 
key factors leading to compromised fetal growth and ad-
verse effects on child health  [3] . Pregnant women often 
do not meet their increased nutrient needs, particularly 
of folic acid  [4–6] . Folate deficiency is one of the most 
common vitamin deficiencies worldwide  [7] . This vita-
min is essential for DNA synthesis, amino acid metabo-
lism and cell division  [8, 9] . Poor folate status during ear-
ly pregnancy is associated with increased rates of neural 
tube defects  [10–12] . Moreover, poor folate supply can 
lead to increased plasma homocysteine, an established 
risk factor of placental abruption, preterm delivery and 
increased rates of low birth weight  [13, 14] . Considering 
these facts, an optimal supply with folate during the 
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 Abstract 

  Background:  Folic acid plays a fundamental role in cell divi-
sion and differentiation. Docosahexaenoic acid (DHA) has 
been associated with infantile neurological and cognitive 
development. Thus, optimal intrauterine development and 
growth requires adequate supply of these nutrients during 
pregnancy.  Methods:  Healthy pregnant women, aged 18–41 
years, were recruited in Granada (Spain; n = 62), Munich (Ger-
many; n = 97) and Pécs (Hungary; n = 152). We estimated di-
etary DHA and folate intake in weeks 20 (w20) and 30 of ges-
tation (w30) using a food frequency questionnaire with 
specific focus on the dietary sources of folate and DHA.  Re-

sults:  Both w20 and w30 Spanish participants had signifi-
cantly higher daily DHA intakes (155  8  13 and 161  8  9 
mg/1,000 kcal) than the German (119  8  9 and 124  8  12 
mg/1,000 kcal; p = 0.002) and Hungarian participants (122  8  
8 and 125  8  10 mg/1,000 kcal; p = 0.005). Hungarian women 
had higher folate intakes in w20 and w30 (149  8  5 and 147 
 8  6  � g/1,000 kcal) than Spanish (112  8  2 and 110  8 
2  � g/1,000 kcal; p  !  0.001) and German participants (126  8  
4 and 120  8  6  � g/1,000 kcal; p  !  0.001), respectively.  Conclu-

sion:  Dietary DHA and folate intake of pregnant women dif-
fers significantly across the three European cohorts. Only 7% 
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whole pregnancy – not only at the beginning – might im-
prove pregnancy outcome  [15] .

  Food provides two forms of folate, pteroylmono-
glutamate and pteroylpolyglutamate. These two forms 
differ in their bioavailability, because a hydrolysis of the 
polyglutamate side chain is necessary before absorption. 
The estimated average bioavailability of folate from om-
nivorous diets is about 50%  [15] , whereas synthetic folic 
acid from supplements is almost completely available for 
the metabolism  [16] . Folate is sensitive to heat and light, 
and is easily oxidized during food preparation. Thus, it 
is hard to achieve a well-balanced folate supply from 
food  [17] , and pregnant women are recommended to 
consume synthetic folic acid from fortified foods, sup-
plements or both, in addition to consuming folate from 
a varied diet. However, there exists no single recom-
mended value for women in childbearing age or preg-
nant women throughout Europe. On average, a supple-
mentation of 400  � g/day of folic acid is recommended 
(e.g. Germany: 600  � g/day, Hungary and Spain: 400  � g/
day)  [18, 19] .

  A further nutrient with particular relevance for peri-
natal development is docosahexaenoic acid (DHA), an n-
3 long-chain polyunsaturated fatty acid (FA) mainly 
found in fatty sea fish  [20] . DHA is an indispensable com-
ponent of all cell membranes in the brain and other tis-
sues, with major relevance for fetal neurological develop-
ment  [21–24] . In the last 3 months of gestation, the fetus 
accumulates up to 50 mg DHA per day in the brain and 
adipose tissue  [25] . After birth, breast-fed infants are pro-
vided with DHA through breast milk. Several controlled 
studies found that DHA availability during pregnancy is 
associated with improved cognitive and visual develop-
ment as well as reduced risk of early preterm birth  [26–
28] . Therefore, an average dietary DHA intake of at least 
200 mg/day has been recommended for pregnant and 
breast-feeding women  [29] .

  Given the relevance of DHA and folate supply during 
pregnancy, we assessed the dietary intake of these nutri-
ents in women participating in the Nutraceuticals for a 
Healthier Life (NUHEAL) Study in Germany, Hungary 
and Spain, to obtain data on current dietary intakes dur-
ing pregnancy in these European cohorts.

  Subjects and Methods 

 Subjects and Recruitment 
 The study population was comprised of the participants of the 

NUHEAL Study, a prospective cohort study, which compared the 
effects of dietary supplementation with DHA and/or methyltet-

rahydrofolate from week 21 of gestation until child birth in moth-
ers from three different European countries  [30, 31] .

  From November 2001 to March 2003, apparently healthy preg-
nant women (aged 18–41 years) attending antenatal care clinics 
were recruited between week 12 and 20 of gestation. Recruitment 
took place at three study sites: the University Hospital of Granada 
in Spain, the Ludwig Maximilians University in Munich, Ger-
many, and the University of Pécs, Hungary. Further inclusion cri-
teria were: body weight at study entry between 50 and 92 kg, un-
complicated singleton pregnancy, no participation in another 
clinical trial, no use of fish oil supplements from the beginning of 
pregnancy and no use of folate or vitamin B 12  supplements after 
the 16th week of gestation  [30] .

  Dietary Assessment 
 Dietary intake was recorded using a food frequency question-

naire (FFQ) containing standard portion sizes, which was based 
on previous studies evaluating dietary intakes (the MONICA 
study  [32] , the nutrition protocol of Freiburg, Germany, and the 
GISELA study). To address reproducibility and the possibility of 
changes in dietary intakes, nutritional assessment was completed 
in week 20  8  1 (w20) and week 30  8  1 (w30) of gestation. Intake 
of nutrients was calculated from the portion size and frequency 
of food consumption using the German nutrient database 
(Bundeslebensmittelschlüssel)  [33] , version II.3. It was decided to 
use only one nutrient database because of possible systematic er-
rors, which would increase in case of using three different data-
bases  [34] . Nutrient intake is expressed as intake per 1,000 kcal. 
Thirty-three food items were included in the questionnaire pri-
mary focused on dietary sources of DHA and folate. For this rea-
son, certain food categories like milk, dairy products and bever-
ages were disregarded. We did not assess the intake of processed 
food fortified with folate because the used nutrient database con-
tained only incomplete information about those foods.

  In the FFQ, details on the following supplements were also 
recorded: multivitamin juice/pills, beer yeast, wheat bran, flax-
seeds and evening primrose oil. However, intakes from the 
NUHEAL study supplements were not included.

  In addition to the amount and frequency of food consump-
tion, women were asked to provide information on the mode of 
preparation and special dietary habits (e.g. vegetarian diet). Single 
food items were combined in several food groups such as meat 
(beef, pork, poultry, liver and processed meat including sausage); 
seafood (divided into lean fish, medium fat fish and fatty fish); 
vegetables (raw vegetables, cooked vegetables and legumes), fats 
(for warm dishes, cold dishes or spreads), fruits, soy products, 
cheese, eggs, baked goods and potatoes. The frequency of intake 
was categorized into never/1 or 2–3 times per day/1 or 2–3 or 4–6 
times per week/1–3 times per month. Record sheets were checked 
by an experienced dietician for the presence of implausible 
amounts or inadequate description to ensure accuracy. Body 
height of the participants was determined in w20 of gestation and 
body weight in both w20 and w30. Estimated basal metabolic rate 
was calculated from weight and height based on the formula of 
Schofield  [35] . Participants whose energy intake calculated from 
the FFQ was less than the basal metabolic rate were defined as 
‘under-reporters’ and excluded from nutritional analyses.
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  Statistical Analyses 
 Data were analyzed with SPSS for Windows 12.0 (SPSS, Chi-

cago, Ill., USA). Normal distribution was examined using the Kol-
mogorov-Smirnov analysis. One-way analysis of variance and the 
post hoc Bonferroni test were used to evaluate differences be-
tween study groups in normally distributed data. For non-nor-
mally distributed data, the Mann-Whitney U test was employed. 
A linear model was used to obtain more information regarding 
variables affecting dietary intake. Non-normally distributed data 
were logarithmized before the test. Statistical significance was 
considered at p  !  0.05. Correlations between parameters were es-
timated by computing Pearson’s correlation coefficient in the case 
of normally distributed values and the Spearman correlation co-
efficient ( � ) in the case of other distributions, respectively.

  Results 

 Three hundred and eleven pregnant women agreed to 
participate in the clinical trial. A total of 271 women with 
an average age of 30.8 years (mean) completed the study 
protocol ( table 1 ). More than 98% of the women were 
Caucasians and  1 96% were living in a partnership. Most 
of the women consumed omnivorous diets,  ! 1% of the 
participants followed a vegetarian diet (n = 2). Forty-
eight percent of the participants were living in urban ar-
eas. At the time of study entry, 42% of the participating 
women were not working, 32% had a full time job and 
13% worked part time. Women from Munich were sig-
nificantly older than those from the two other centers
(p  !  0.001). In w20 and w30, 12 and 14%, respectively, of 
the participants reported to smoke. An overview about 
socioeconomic characteristics of the three study samples 
is shown in  table 2 .

  In w20, 15 women were excluded from analysis (Ger-
many: n = 12; Spain: n = 2, and Hungary: n = 1), because 
of apparent under-reporting of dietary intake. Thus, 256 
subjects were included in the calculations. In w30, 35 
women were excluded (Germany: n = 24; Spain: n = 5, and 
Hungary: n = 6), because of apparent under-reporting, 
thus a total of 236 FFQs were included. Women who 
dropped out of the study did not differ in age, ethnic 
group, residency, family status and education from the 
remaining participants.

  Body Weight Progress and Birth Outcomes 
 Body weight and weight gain (on average 5.7 kg from 

w20 to w30) did not significantly differ between the three 
cohorts, but in w20 the body mass index was lower in 
Munich compared to Granada (p = 0.047,  table 1 ). Body 
mass index increased from w20 to w30 by 2.1  8  1.3 kg/
m 2  (mean  8  SD). The birth outcomes, birth weight, head 

Table 1. Characteristics of the study cohorts at study entry

Germany
(n = 68)

Spain
(n = 147)

Hungary
(n = 55)

p
value

Age, years 33.583.5a, b 30.184.9a 29.484.8b <0.001
Weight, kg 67.889.9 67.288.9 69.6811.8 NS
Height, cm 16686.0 16286.0 16587.0 NS
BMI 24.483.3a 25.883.5a 25.584.6 0.003
Vegetarians, n 2 0 0 NS
Smokers, n 3 27 1 NS
Cigarettes n/week 22 55 28 NS

BMI = Body mass index; NS = no significant difference. Sta-
tistical differences were tested with ANOVA and the post hoc 
Bonferroni test (means 8 SD).

a, b Common superscripts indicate a significant difference.
Cigarettes n/week are related to the subgroup of smokers. 

Table 2. Socioeconomic characteristics of the study participants 
(frequency in %)

Spain Germany Hungary

Education
None – 1.4 –
Primary school 39.7 62.6 5.5
General qualification

for university 54.4 30.6 60.0
University 5.9 4.1 30.9
Other – – 3.6

Graduation
None 5.9 40.8 74.5
With graduation 44.1 25.2 –
Degree 8.8 4.8 –
University graduation 38.2 23.8 23.6
Other 2.9 2.7 1.8

Career
Appointee 2.9 18.4 –
Employee 52.9 29.3 96.4
Manager 19.1 1.4 –
Worker 1.5 22.4 1.8
Freelancer 7.4 8.2 1.8

Current job
None 23.5 46.3 52.7
<15 h per week 2.9 2.7 3.6
Half time 16.2 15.0 3.6
Full time 48.5 27.2 25.5
Maternity leave 8.8 – 14.5
University/education – 0.7 –

Family status
Single 1.5 6.1 –
Partnership 98.5 93.9 100.0

Habitat
Urban area 57.4 31.3 80.0
Rural area 42.6 68.0 20.0
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circumference and placental weight were not significant-
ly different between the three cohorts (data not shown). 
Birth length was significantly higher in the German sam-
ple (p  !  0.001) compared with the two other centers.

  Nutrient Intake 
 The highest calculated energy intake was observed in 

Hungary ( table 3 ). German women had the lowest energy 
intake from the FFQs (p  !  0.001 vs. both other cohorts), 
while there was no significant difference between Spain 
and Hungary. Dietary fat intake contributed about 45% 
to energy intake. Spanish women had a higher total fat 
intake than both other groups at both time points ( ta-
ble 3 ). The carbohydrate intake was significantly higher 

in Germany than in Spain in w20 and w30, and there was 
also a significant difference between Spain and Hungary 
in w30. Analysis of the total protein intake and protein 
intake in grams per kilogram body weight was signifi-
cantly lower in German and Spanish than in Hungarian 
cohorts.

  Our estimate of folate intake includes natural sources 
of folate in food, folic acid and folic acid equivalents. The 
daily intake of folate differed significantly between the 
three centers. The highest intake was observed in Hun-
garian women ( table 3 ). Significant differences were 
found between Hungarian and German as well as be-
tween Hungarian and Spanish women. Other variables 
like age, and the mother’s education level and family sta-

Table 3. Dietary intake in w20 and w30 of gestation (medians and interquartile ranges: P25–P75)

Germany Spain Hungary Total study population

1,000 kcal day 1,000 kcal day 1,000 kcal day 1,000 kcal day

w20
Energy, kcal 2,204a

 *, b
 * 3,078a

 * 3,267b
 * 2,968

1,765–3,520 2,492–3,549 2,462–3,994 2,271–3,520
SFA, g 16.0 35.4d, e

 * 15.9 48.1d 16.6 48.0e
 * 16 45.8

14.2–20.3 27.9–46.7 14.4–17.9 39.5–59.3 14.4–18.7 38.1–66.7 14.3–18.3 35.2–59.3
MUFA, g 19.7a

 * 41.4d
 *, e 25.4a

 *, b
 * 74.2d

 *, f
 * 19.3b

 * 60.9e, f
 * 22.90 65.6

17.5–23.4 32.8–57.8 22.6–28.4 61.0–93.2 17.2–21.3 44.7–72.1 19.3–26.7 47.8–85.2
PUFA, g 9.9b

 * 20.1d
 *, e

 * 10.2c
 * 29.5d

 *, f
 * 12.4b

 *, c
 * 39.0e

 *, f
 * 10.7 29.7

8.0–12.8 16.5–31.1 9.2–11.8 24.2–40.6 10.9–16.2 29.6–51.9 9.1–12.6 21.9–42.0
DHA, mg 111a 235d

 *, e
 * 134a, b 413d

 *, f 107b 315e
 *, f 126 355

66.3–140 154–244 103–176 297–327 86.3–151 231–444 91.5–165 240–477
n-6/n-3 ratio 9.0a

 * 9.0d
 * 9.1b

 * 9.1e
 * 12.0a, b

 * 12.0d
 *, e

 * 9.3 9.3
7.9–13.1 7.9–13.1 8.0–10.3 8.0–10.3 9.1–14.5 9.1–14.5 8.1–11.5 8.1–11.5

Folate, �g 123a, b 271d, e
 * 110a, c

 * 324d, f
 * 152b, c

 * 429e
 *, f

 * 116 327
104–147 206–354 97–124 270–403 123–166 319–610 103–139 262–424

w30
Energy, kcal 2,203a

 *, b
 * 2,934a

 * 2,926b
 * 2,713

1,774–2,612 2,301–3,402 2,354–3,662 2,205–3,365
SFA, g 17.8a 37.0d, e 16.3a 45.4e 16.1 48.0d 16.4 44.0

13.9–21.2 30.4–48.2 14.5–17.6 35.4–57.9 14.5–17.8 37.8–59.5 14.5–17.9 35.4–56.7
MUFA, g 19.2a

 * 40.0d
 *, e 25.5a

 *, c
 * 71.9d

 *, f
 * 18.5c

 * 54.3f
 *, e 23.4 61.8

17.9–22.1 32.8–61.5 23.5–28.0 55.8–89.3 17.0–21.3 42.7–73.7 19.2–26.6 48.1–85.1
PUFA, g 9.7a 21d

 *, e
 * 10.8b

 * 29.5d
 *, f 12.4a, b

 * 37.4e
 *, f 11.0 29.4

7.7–12.8 15.8–27.2 9.5–12.3 24.0–38.7 10.4–15.8 27.9–56.1 9.5–12.9 22.6–39.2
DHA, mg 107a 259d

 *, e 136a, b
 * 403d

 *, f 110b* 317e, f 123 372
68.3–180 136–363 109–185 325–494 93.3–138 239–458 98.8–175 271–465

n-6/n-3 ratio 9.5a 9.5 9.3c
 * 9.3f

 * 12.0b, c
 * 12.0e, f

 * 9.7 9.7
7.0–13.0 7.0–13.0 8.1–10.8 8.1–10.8 9.4–15.2 9.4–15.2 8.2–11.9 8.2–11.9

Folate, �g 113b
 * 254d, e

 * 109c
 * 304d

 *, f
 * 143b

 *, c
 * 396e

 *, f
 * 116 311

92.1–147 193–320 94.3–124 254–360 119–165 321–526 97.2–138 254–393

Statistical differences were tested using the Mann-Whitney U test. SAF = Saturated FAs; MUFA = monounsaturated FAs; PUFA = 
polyunsaturated FAs. a–f Common superscripts indicate a significant difference; * p < 0.001. 
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tus had no effect on the folate intake. The correlation be-
tween the two time points was statistically significant for 
the whole study population (r = 0.5; p  !  0.001). Only 7 and 
5% of the women attained the recommended folate intake 
of 600  � g/day during pregnancy in w20 and w30, respec-
tively. The folate intake of 400  � g/day, which is recom-
mended for pregnant women in Hungary (Hungarian 
National Center of Epidemiology), was met by 29 and 
23% of the total study population in w20 and w30, respec-
tively.

  In all study centers, the two most common sources of 
folate were vegetables and fruits ( table 4 ). Bread was im-
portant for the supply in Spain and Germany, but not in 
Hungary, where meat products and sausages, especially 
liver, were the major folate sources. Additionally, nuts 
and oil seeds contributed to a larger extent to the folate 
supply in Spain and Hungary than in Germany. The cor-
relation between the estimated daily folate intake and the 
vegetable and fruit intake was significant in the whole 
study population (r = 0.6; p  !  0.001). Daily folate and liv-
er intake showed the highest correlation coefficient in 
Hungary (r = 0.7; p  !  0.001), while there was no correla-
tion in Germany.

  Fatty Acids 
 The FA composition and consumption for the three 

study centers is shown in  table 3 . Values for monounsatu-
rated FAs were significantly higher in Spain compared to 
the other centers at both time points. Saturated FA intake 
was similar in the three centers in w20, whereas in w30 
German women showed a significantly higher intake 
than Spanish women. The n-6 FA intake as well as the 
ratio of n-6 (linoleic and arachidonic acid) to n-3 ( � -lino-
lenic acid, eicosapentaenoic acid and DHA) polyunsatu-
rated FAs was high in all centers. Women from Hungary 
had the highest n-6 FA intake as well as the highest n-6/
n-3 ratio, whereas women from Spain showed the lowest 
n-6/n-3 ratio and the highest n-3 FA intake. Significant 
differences in the n-6 intake were found between Hun-
gary and the two other centers at both time points.

  The highest DHA intake was found in the Spanish co-
hort (significantly different from both Hungarian and 
German cohorts). DHA intake in w20 and w30 correlated 
with each other (r = 0.519; p  !  0.001) and with daily fish 
intake (r = 0.55; p  !  0.001). The three most common 
sources for DHA intake from food in all three study sam-
ples were fish, poultry and eggs ( table 5 ). The linear mod-
el showed no effect for family status, age, education level 
and urban/rural residency on DHA intake.

  Supplement Intake 
 Forty-three percent of the women took dietary supple-

ments in w20 and 39% in w30. Hungary provided the big-
gest group of participants taking one or more supple-
ments in w20 and w30 (78 and 62%, respectively). In the 
remainder, the number of women taking supplements 
was about half of those in Hungary (Germany: 36 and 
28%, and Spain: 32 and 35%). Multivitamin juices and 
tablets were the most common supplements, followed by 
beer yeast, wheat bran and flaxseeds.

Table 4. Important food sources of folate, and their percentage to 
total folate intake

w20
Germany Spain Hungary
(n = 56) (n = 146) (n = 54)

Vegetables 31.2 23.4 30.0
Fruits 11.9 18.5 13.4
Bread 11.9 10.6 6.4
Meat products 3.5 5.8 10.0
Nuts, oil seeds 5.9 7.9 12.8
Potato products 7.4 7.6 6.7

w30 (n = 43) (n = 143) (n = 50)

Vegetables 25.6 23.4 28.9
Fruits 13.8 17.6 15.0
Bread 10.8 10.9 7.0
Meat products 3.8 5.2 8.1
Nuts, oil seeds 4.9 8.9 13.1
Potato products 7.0 8.3 6.6

Table 5. Important food sources of DHA, and their percentage to 
total DHA intake

Germany Spain Hungary
w20 (n = 56) (n = 146) (n = 54)

Fish 42.2 48.1 22.0
Poultry 20.3 23.7 35.5
Eggs 7.1 6.9 9.4
Bread 14.9 4.3 2.5
Sweets and pastries 2.1 2.7 2.1

w30 (n = 43) (n = 143) (n = 50) 

Fish 47.2 51.0 25.6
Poultry 18.9 25.2 37.0
Eggs 8.3 5.5 7.2
Bread 16.8 13.1 11.7
Sweets and pastries 2.4 2.7 2.5
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  FFQ w20 versus FFQ w30 
 A comparison between the two evaluation time points 

showed significant differences in energy (p = 0.01) and 
retinol (p = 0.03) intake in the total study population. 
Correlations between FFQ w20 and FFQ w30 were statis-
tically significant for all nutrients (p  !  0.001). Spearman’s 
rank correlation coefficient ranges from r sp  = 0.49 to
r sp  = 0.62.

  Discussion 

 This study on the nutrient intake of pregnant women 
from three different European cohorts indicates a poor 
folate supply, as well as considerable differences in nutri-
ent supply between the three study centers. To decrease 
any potential effects of incomplete reporting, we ex-
pressed nutrient intakes per energy intake, i.e. compared 
the nutrient density between the three study centers. 
About one third of the folate intake was provided by veg-
etables. Leafy greens such as spinach, legumes, and some 
fruits as well as vegetables are rich food sources of folate. 
Staple foods such as bread or potatoes contribute only 
moderately, but consumed in large amounts they can 
provide a significant portion of the total folate intake  [36] . 
The relative contribution of other folate sources varied 
from sample to sample. Nuts and meat products played a 
particularly important role in the Hungarian cohort, 
where women showed the highest liver consumption 
(median; w20: 88 g/week; w30: 59 g/week). German par-
ticipants obtained their folate supply primarily from veg-
etables, pastries, fruits and cheese, whereas meat prod-
ucts played only a minor role and liver consumption was 
negligible. In all centers, about 7% of total dietary folate 
was supplied by potatoes and potato products, which 
confirms that staple food can significantly contribute to 
the total folate intake  [36] . While our results indicate that 
vegetables and fruits were the primary sources of dietary 
folate intake, Siega-Riz et al.  [37]  reported that folate-for-
tified grains and ready-to-eat cereals followed by differ-
ent kinds of juices were the most important sources for 
folate intake in pregnant women in the US, where cereals 
and grains are generally fortified with folic acid.

  The average dietary folate intake of the study popula-
tion was 327  � g/day in w20 and 311  � g/day in w30. Thus, 
only 6% of the participants reached the intake of 600  � g/
day recommended in Germany, Austria and Switzerland, 
and only 26% of the participants reached 400  � g/day. 
However, we may have underestimated total folate intake, 
because we could not account for some fortified foods. 

The consumption of a folate-rich diet and folic acid sup-
plements is recommended for women of childbearing age 
 [38–40] . Folic acid fortification of foods is an alternative 
option to cover the needs of women who get pregnant 
 [41–43] . Nationwide fortification programs of staple 
foods such as flour are well established in many countries 
around the world  [7, 41, 44, 45] , primarily because folic 
acid supplementation during the first weeks of pregnancy 
decreases the incidence of neural tube defects. For ex-
ample, cereal fortification with folic acid in Canada has 
reduced the prevalence of neural tube defects  1 50%  [46] . 
The rather low folate intake in pregnant women found in 
this study was also reported in other studies  [5, 37] . The 
folate intake of the Hungarian subjects reported in the 
present study exceeded the results of a previous Hungar-
ian nutritional survey carried out between 1990 and 1994 
 [47] . This trial revealed a mean daily folate intake of 166 
 � g in w20 and 149  � g in w30 of gestation, and hence fo-
late intake may have increased in pregnant Hungarian 
women during the last decade. However, the 3rd   Hungar-
ian dietary survey showed that folic acid intake of adult 
women did not meet the criteria of the Hungarian recom-
mendations  [48] . German non-pregnant women aged 
25–51 years were reported to have a mean daily folate in-
take of about 225  � g/day  [49]  and, thus, to have a lower 
intake than the NUHEAL participants, potentially due to 
an increased health consciousness of a population par-
ticipating in a dietary intervention trial during pregnan-
cy and different data collection methods.

  Also Ortega et al.  [50]  showed in their survey that in 
319 Spanish women aged 18–35 years none of them 
reached the recommended 400  � g/day of folate.

  DHA is primarily contained in fatty sea fish such as 
salmon, mackerel and herring, as well as in certain micro 
algae  [51] . In the used FFQ, women were asked to separate 
their intake into lean fish, medium fat fish and fatty fish 
as well as into the kind of preparation (cooked, fried, con-
served, crumbed or soup). Eighty-five percent of the 
Spanish women ate fatty fish at least once a month. In 
comparison, only 4% of the Hungarian women consumed 
fatty fish with high DHA contents, they rather consumed 
red and sea bass, swordfish and trout, with moderate fat 
and lower DHA contents. German participants tended to 
eat more lean fish (e.g. halibut, cod or sole pike) with low 
DHA contents, which possibly explains their lower DHA 
intake.

  Our results agree with previous data reporting a high-
er availability of fish in Spain (75 g/day) than Hungary
(4 g/day) and Germany (12 g/day)  [52] . Authors reported 
also that cooking and frying are the main types of pre-
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paring fish, followed by the use of canned fish, while fish 
soups play only a minor role. Other possible dietary DHA 
sources are meats and eggs. A European Commission-
funded evidence-based consensus recommendation re-
cently advised that pregnant and lactating women should 
reach an average intake of at least 200 mg DHA per day 
 [29] . Nearly 90% of the participating women achieved 
this intake. The WHO has recommended an n-6/n-3 FA 
ratio between 3:   1 and 4:   1  [53] . The subjects in this study 
reached an n-6/n-3 ratio of 10:   1, i.e. much higher than the 
WHO goal. The ratio in Spanish women (9.4:   1) is very 
similar to the 9.8  8  7.3 previously reported in 162 Span-
ish women  [54] . A somewhat higher dietary DHA intake 
would contribute to lowering the n-6/n-3 ratio.

  While mean macronutrient intake of our study popu-
lation seems quite adequate, our findings clearly show 
shortcomings particularly in folate intake, and to a lesser 
extent also in the amount of DHA intake, in pregnant 
women in the study population. While there were differ-
ences between the three cohorts studied, intake in w20 
and w30 within study populations was very similar. Oth-

er variables like age, family status or education level did 
not have significant effects either on folate or on DHA 
intake from food. An increased dietary micronutrient 
density and micronutrient supplementation could en-
hance micronutrient intake  [37] .

  Acknowledgments 

 We thank the participants of the NUHEAL Study for their 
cooperation. The studies reported herein have been carried out 
with partial financial support from the Commission of the Eu-
ropean Communities, specific RTD Programme ‘Quality of Life 
and Management of Living Resources’, within the 5th Frame-
work Programme, research grants no. QLRT-1999-00888 
(NUHEAL), and the 6th Framework Programme, contracts no. 
007036 (EARNEST) and no. 036196-2 (EURRECA). The manu-
script does not necessarily reflect the views of the Commission 
and in no way anticipates the future policy in this area. Addi-
tional support from the Child Health Foundation, Munich, is 
gratefully acknowledged. BK is the recipient of a Freedom to 
Discover Award of the Bristol-Myers-Squibb Foundation, New 
York, N.Y., USA.
 

 References 

  1 Harding J: Nutrition and growth before 
birth. Asia Pac J Clin Nutr 2004;   12:S28. 

  2 Koletzko B, Aggett PJ, Bindels JG, Bung P, 
Ferre P, Gil A, et al: Growth, development 
and differentiation: a functional food sci-
ence approach. Br J Nutr 1998;   80(suppl 1):
S5–S45. 

  3 Mathews F, Yudkin P, Neil A: Influence of 
maternal nutrition on outcome of pregnan-
cy: prospective cohort study. BMJ 1999;   319:  
 339–343. 

  4 Sacco LM, Caulfield LE, Retamozo L: Di-
etary pattern and usual nutrient intakes of 
Peruvian women during pregnancy. Eur J 
Clin Nutr 2003;   57:   1492–1497. 

  5 Thamm M, Mensink GB, Thierfelder W: Fo-
lic acid intake of women in childbearing age 
(in German). Gesundheitswesen 1999;   61:
S207–S212. 

  6 van Rooij IA, Ocke MC, Straatman H, Ziel-
huis GA, Merkus HM, Steegers-Theunissen 
RP: Periconceptional folate intake by supple-
ment and food reduces the risk of nonsyn-
dromic cleft lip with or without cleft palate. 
Prev Med 2004;   39:   689–694. 

  7 Pietrzik KF, Thorand B: Folate economy in 
pregnancy. Nutrition 1997;   13:   975. 

  8 Institute of Medicine: Dietary reference in-
takes for thiamin, riboflavin, niacin, vita-
min B6, folate, vitamin B12, pantothenic 
acid, biotin, and choline. Washington, Na-
tional Academy Press, 1998, pp 193–305. 

  9 Krishnaswamy K, Madhavan Nair K: Impor-
tance of folate in human nutrition. Br J Nutr 
2001;   85(suppl 2):S115–S124. 

 10 Daly S, Scott JM: The prevention of neural 
tube defects. Curr Opin Obstet Gynecol 
1998;   10:   85–89. 

 11 Molloy AM, Mills JL, Kirke PN, Weir DG, 
Scott JM: Folate status and neural tube de-
fects. Biofactors 1999;   10:   291–294. 

 12 Scott JM: Evidence of folic acid and folate in 
the prevention of neural tube defects. Bibl 
Nutr Dieta 2001;   55:   192–195. 

 13 Sram R, Binkova B, Lnenickova Z, Solansky 
I, Delmek J: The impact of plasma folate lev-
els of mothers and newborns on intrauterine 
growth retardation and birth weight. Mutat 
Res 2005;   591:   302–310. 

 14 Vollset SE, Refsum H, Irgens LM, Emblem 
BM, Tverdal A, Gjessing HK, et al: Plasma 
total homocysteine, pregnancy complica-
tions, and adverse pregnancy outcomes: the 
Hordaland Homocysteine Study. Am J Clin 
Nutr 2000;   71:   962–968. 

 15 German Nutrition Society, Austrian Nutri-
tion Society, Swiss Society for Nutrition, 
Swiss Association for Nutrition: Reference 
Values for Nutrient Intake, ed 1. Frankfurt, 
Umschau Braus, 2000. 

 16 Suitor CW, Bailey LB: Dietary folate equiva-
lents: interpretation and application. J Am 
Diet Assoc 2000;   100:   88–94. 

 17 Eichholzer M, Tonz O, Zimmermann R: Fo-
lic acid: a public-health challenge. Lancet 
2006;   367:   1352–1361. 

 18 de Bree A, van Dusseldorp M, Brouwer IA, 
het Hof KH, Steegers-Theunissen RP: Folate 
intake in Europe: recommended, actual and 
desired intake. Eur J Clin Nutr 1997;   51:   643–
660. 

 19 Sandor J, Poetsch S, Steinbicker V, Portillo I, 
Gener B: Survey of Folic Acid Policy and 
Practice in European Countries, ed 3. Ulster, 
EUROCAT, 2007.  

 20 Saldeen P, Saldeen T: Women and omega-3 
fatty acids. Obstet Gynecol Surv 2004;   95:  
 722–730. 

 21 Al MD, van Houwelingen AC, Hornstra G: 
Long-chain polyunsaturated fatty acids, 
pregnancy, and pregnancy outcome. Am J 
Clin Nutr 2000;   71(1 suppl):285S–291S. 

 22 Carlson SE, Neuringer M: Polyunsaturated 
fatty acid status and neurodevelopment: a 
summary and critical analysis of the litera-
ture. Lipids 1999;   34:   171–178. 

 23 Connor WE: Importance of n-3 fatty acids in 
health and disease. Am J Clin Nutr 2000;   71:  
 171S–175S. 

 24 Ruxton C: Health benefits of omega-3 fatty 
acids. Nurs Stand 2004;   18:   38–42. 



 Franke   /Verwied-Jorky   /Campoy   /
Trak-Fellermeier   /Decsi   /Dolz   /Koletzko   

Ann Nutr Metab 2008;53:167–174174

 25 Lakin V, Haggarty P, Abramovich DR, Ash-
ton J, Moffat CF, McNeill G, et al: Dietary 
intake and tissue concentration of fatty acids 
in omnivore, vegetarian and diabetic preg-
nancy. Prostaglandins Leukot Essent Fatty 
Acids 1998;   59:   209–220. 

 26 Birch EE, Garfield S, Hoffmann DR, Uauy R, 
Birch DG: A randomized controlled trial of 
early dietary supply of long-chain polyun-
saturated fatty acids and mental develop-
ment in term infants. Dev Med Child Neurol 
2000;   42:   174–181. 

 27 Koletzko B, Agostoni C, Carlson SE, Clan-
dinin T, Hornstra G, Neuringer M, et al: 
Long chain polyunsaturated fatty acids (LC-
PUFA) and perinatal development. Acta 
Paediatr 2001;   90:   460–464. 

 28 Willatts P, Forsyth JS: The role of long-chain 
polyunsaturated fatty acids in infant cogni-
tive development. Prostaglandins Leukot 
Essent Fatty Acids 2000;   63:   95–100. 

 29 Koletzko B, Lien E, Agostoni C, Bohles H, 
Campoy C, Cetin I, et al: The roles of long-
chain polyunsaturated fatty acids in preg-
nancy, lactation and infancy: review of 
 current knowledge and consensus recom-
mendations. J Perinat Med 2008;   36:   5–14. 

 30 Krauss-Etschmann S, Shadid R, Campoy C, 
Hoster E, Demmelmair H, Jimenez M, et al: 
Effects of fish-oil and folate supplementation 
of pregnant women on maternal and fetal 
plasma concentrations of docosahexaenoic 
acid and eicosapentaenoic acid: a European 
randomized multicenter trial. Am J Clin 
Nutr 2007;   85:   1392–1400. 

 31 Decsi T, Campoy C, Koletzko B: Effect of N-
3 polyunsaturated fatty acid supplementa-
tion in pregnancy: the Nuheal trial. Adv Exp 
Med Biol 2005;   569:   109–113. 

 32 Winkler G, Döring A: Validation of a short 
qualitative food frequency list used in sev-
eral German large scale surveys. Z Ernäh-
rungswiss 1998;   37:   234–241. 

 33 Dehne LI, Klemm C, Henseler G, Hermann-
Kunz E: The German Food Code and Nutri-
ent Data Base (BLS II.2). Eur J Epidemiol 
1999;   15:   355–359. 

 34 Merchant AT, Dehghan M: Food compo-
sition database development for between 
country comparisons. Nutr J 2006;   5:   2.   

 35 Schofield WN: Predicting basal metabolic 
rate, new standards and review of previous 
work. Hum Nutr Clin Nutr 1985;   39(suppl 
1):5–41. 

 36 Lucock M: Folic acid: nutritional biochemis-
try, molecular biology, and role in disease 
processes. Mol Genet Metab 2000;   71:   121–
38. 

 37 Siega-Riz AM, Bodnar LM, Savitz DA: What 
are pregnant women eating? Nutrient and 
food group differences by race. Am J Obstet 
Gynecol 2002;   186:   480–486. 

 38 Bower C, Blum L, O’Daly K, Higgins C, 
Loutsky F, Kosky C: Promotion of folate for 
the prevention of neural tube defects: knowl-
edge and use of periconceptional folic acid 
supplements in Western Australia, 1992 to 
1995. Aust NZ J Public Health 1997;   21:   716–
721. 

 39 Daltveit AK, Vollset SE, Lande B, Oien H: 
Changes in knowledge and attitudes of fo-
late, and use of dietary supplements among 
women of reproductive age in Norway 1998–
2000. Scand J Public Health 2004;   32:   264–
271. 

 40 van der Pal-de Bruin KM, de Walle HE, Jeen-
inga W, de Rover C, Cornel MC, de Jong-van 
den Berg LT, et al: The Dutch ‘Folic Acid 
Campaign’ – have the goals been achieved? 
Paediatr Perinat Epidemiol 2000;   14:   111–
117. 

 41 Knudsen VK, Orozova-Bekkevold I, Ras-
mussen LB, Mikkelsen TB, Michaelsen KF, 
Olsen SF: Low compliance with recommen-
dations on folic acid use in relation to preg-
nancy: is there a need for fortification? Pub-
lic Health Nutr 2004;   7:   843–850. 

 42 de Walle HE, Cornel MC, de Jong-van den 
Berg LT: Three years after the Dutch folic 
acid campaign: growing socioeconomic dif-
ferences. Prev Med 2002;   35:   65–69. 

 43 Unusan N: Assessment of Turkish women’s 
knowledge concerning folic acid and preven-
tion of birth defects. Public Health Nutr 
2004;   7:   851–855. 

 44 Czeizel AE, Merhala Z: Bread fortification 
with folic acid, vitamin B12 and vitamin B6 
in Hungary. Lancet 1998;   352:   1225. 

 45 Koletzko B, Kries R: Fortification of cereals 
with folic acid for the prevention of neural 
tube defects and vascular disease (in Ger-
man). Kinderheilkunde 2000;   3:   286–7. 

 46 Ray JG, Meier C, Vermeulen MJ, Boss S, Wy-
att PR, Cole DEC: Association of neural tube 
defects and folic acid food fortification in 
Canada. Lancet 2002;   360:   2047–2048. 

 47 Antal M, Regöly-Mérei A, Varsányi H, Biró 
L, Sági K, Molnár DV, et al: Nutritional sur-
vey of pregnant women in Hungary. Int J Vi-
tam Nutr Res 1997;   67:   115–122. 

 48 Zajkas G, Biro L, Greiner E, Szorad I, Agos-
ton H, Balazs A, et al: Dietary survey in Hun-
gary, 2003–2004. Micronutrients: vitamins 
(in Hungarian). Orv Hetil 2007;   148:   1593–
1600. 

 49 German Nutrition Society (DGE): The Ger-
man Nutrition Report 2004, ed 1. Bonn, Ger-
man Nutrition Society: 2005. 

 50 Ortega RM, Requejo AM, Lopez-Sobaler 
AM, Navia B, Mena MC, Basabe B, et al: 
Smoking and passive smoking as condition-
ers of folate status in young women. J Am 
Coll Nutr 2004;   23:   365–371. 

 51 Ratledge C: Fatty acid biosynthesis in micro-
organisms being used for single cell oil pro-
duction. Biochimie 2004;   86:   807–815. 

 52 Byrd-Bredbenner C, Lagiou P, Trichopoulou 
A: A comparison of household food avail-
ability in 11 countries. J Hum Nutr Diet 
2000;   13:   197–204. 

 53 FAO, WHO: Fats and Oils in Human Nutri-
tion: Report of a Joint Expert Consultation. 
Rome, Food and Agriculture Organization 
of the United Nations, 1994. 

 54 Matorras R, Perteagudo L, Sanjurjo P, Ruiz 
JI: Intake of long chain  � 3 polyunsaturated 
fatty acids during pregnancy and the influ-
ence of levels in the mother on newborn lev-
els. Eur J Obstet Gynecol Reprod Biol 1999;  
 83:   179–184. 

  




