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Abstract

Objectives: To evaluate compliance with the national recommendation on
supplemental iron to all pregnant women in Denmark and to explore differences
between compliers and non-compliers with respect to dietary habits and other
lifestyle factors.
Design: Intake of supplemental iron from pure iron supplements and from
multivitamin and mineral preparations was estimated in mid-pregnancy.
Setting: Nationwide cohort study, the Danish National Birth Cohort (DNBC),
comprising more than 100 000 women recruited in early pregnancy.
Subjects: Information on diet and dietary supplements was available for 54 371
women. Of these, information on lifestyle factors was available for 50 902 women.
Results: A high compliance with the recommendation was found, as approximately
77% of the women reported use of iron supplements during pregnancy. However,
many of the compliers did not obtain the recommended doses of iron, which can
partly be explained by the lack of iron preparations of appropriate doses available on
the Danish market. Compliance with the recommendation was associated with age
above 20 years, primiparity, body mass index ,30 kgm22, non-smoking and long
education. No major differences were seen in dietary intake between compliers and
non-compliers.
Conclusion: Overall, a high compliance rate was found among participants of the
DNBC but a clarification on daily dose is needed, and more concern should be paid to
vulnerable groups such as young, smoking women and women with no or short
education.
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Pregnancy increases the demand for iron in women due to

the expanding blood volume of the mother, the increasing

maternal supply of iron to the foetus and the considerable

iron loss due to blood loss at delivery1. It has been

reported that approximately 40% of Danish women of

reproductive age have small or absent iron stores2–4, i.e.

they do not have sufficient iron stores to go through

pregnancy without becoming iron-deficient or developing

iron-deficiency anaemia. Iron-deficiency anaemia may

cause impaired work performance and tiredness, and

reduction of immune function5. Intervention studies with

iron supplementation in pregnancy have shown increased

iron stores in the supplemented women compared with

non-supplemented women6–11, and in two randomised

controlled trials the risk of adverse pregnancy outcomes

was reduced among the women allocated to iron

supplements12,13. The Danish National Board of Health’s

guidelines on pregnancy for health professionals, pub-

lished in 1998, state that all Danish pregnant women

should be advised to take a daily supplement of 50–70mg

iron from week 20 of gestation until delivery14.

Before 1998, no official recommendation on iron

supplement use in relation to pregnancy existed. Until

now the adherence to this recommendation has not been

examined.

A number of sociodemographic and lifestyle factors

have been associated with the use of dietary supplements

in general. Socio-economic class is one such factor, with

individuals from higher socio-economic groups being

more likely to consume dietary supplements than

individuals from low socio-economic groups15–21. Smok-

ing has also been associated with the use of dietary

supplements19,21,22: non-smokers and former smokers

being most likely to take supplements. Self-perceived

health was associated with the use of dietary supplements

in one survey21, but not in another18, and a wish to

improve health has been reported as a reason for taking

supplements23. Users of supplements are often found to

have healthier, more nutrient-dense diets than non-

users18,24,25.
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The aims of the present study, conducted within the

DanishNational BirthCohort (DNBC),were: (1) to examine

howmanyof the participants took iron supplements during

pregnancy; (2) to estimate the amount of iron from

supplements; and (3) to describe differences between

compliers and non-compliers with the recommendation

with respect to gestational, lifestyle and dietary factors.

Materials and methods

Danish National Birth Cohort

Data derive from the DNBC, which is a nationwide birth

cohort including more than 100 000 pregnant women

recruited in early pregnancy in the period from 1997 to

2002. Data were collected through four telephone

interviews: in week 12 and week 30 of gestation, and

when the child was 6 and 18 months old. Further, all

participants received a food-frequency questionnaire

(FFQ) in week 25 of gestation, covering diet and use of

dietary supplements in mid-pregnancy26.

Study population

Approximately 70% of the participants returned the FFQ.

During the study period, the FFQ was improved several

times and not all versions recorded the use of dietary

supplements in a reliable way, which reduced the sample

size to 58 078 observations. Further reductions due to

incomplete or erroneous completion of the FFQ left 54 371

observations for analyses. Of these, data from telephone

interviews were available for 50 902 women. All of the

women included in the analyses were recruited after the

recommendation on iron supplements was implemented.

Iron supplements

The proportion of women taking iron supplements during

pregnancy was assessed using information from the FFQ

and the second telephone interview. In the FFQ the

women were asked to write the brand name of all

supplements, the nutrient content (if single-nutrient

supplements) and the number of daily doses taken in

the previous four weeks. In the second telephone

interview, the women were asked if they had been taking

iron supplements during pregnancy (‘Have you been

taking iron pills during pregnancy?’), and if yes, in which

weeks of gestation they had been taking it, ranging from

the beginning of pregnancy until the time of interview,

which took place around week 30.

To examine the characteristics of a regular user of iron

supplements, a user of supplemental iron was defined as a

woman who in the FFQ had reported taking at least one of

the above-mentioned iron supplements for at least three

out of four days.

Diet

The FFQ employed in the DNBC was a semi-quantitative

360-item questionnaire, which recorded intake of foods

and drinks in the previous four weeks. Intakes of foods

and nutrients were calculated by means of the program

Foodcalc (www.foodcalc.dk), the Danish food compo-

sition tables27 and assumptions on standard portion

sizes28. The FFQ was validated using a 7-day weighed

food diary as gold standard, which showed statistically

significant correlations between intakes for fruit and

vegetables (r ¼ 0.55), protein (0.39), folate (0.53) and

retinol (0.37)29. The differences in dietary habits between

users and non-users of iron supplements were examined

by comparison of intake of total energy, macronutrients

and overall food groups.

Other factors

Information on gestational, anthropometric, lifestyle and

sociodemographic factors derived from the second

telephone interview, conducted in week 30 of gestation.

The following factors were regarded as potential

determinants of use of iron supplements and included in

the analyses: parity (0 vs.$1); whether the pregnancy was

planned or not; the woman’s age; pre-pregnancy body

mass index (BMI); smoking habit during pregnancy;

physical activity (yes vs. no) during pregnancy; socio-

economic group (based upon the job description of the

woman or her partner, the higher was chosen); housing;

whether the woman had a partner or not; whether the

woman had worries about her unborn child; the woman’s

self-perceived health; and alcohol intake in pregnancy

(0 vs. $0.5 drinks per week).

Statistical analysis

Differences between women who returned and women

who did not return the FFQwere analysed by means of the

x2 test when comparing proportions or the t-test for

continuous variables. Users of iron supplements were

compared with non-users with respect to total energy

intake and intake of macronutrients by the t-test, and with

respect to median dietary intake of selected food groups

by use of the Wilcoxon signed rank test as the outcome

data were not normally distributed. Possible determinants

for use of iron supplements were analysed by means of

logistic regression analysis, and odds ratios and 95%

confidence intervals were estimated. All analyses were

conducted using SAS version 9.1.3 for Windows (SAS

Institute Inc.).

Results

Womenwho had completed the FFQ andwomen who had

not completed it, or who had completed it erroneously,

were compared with respect to background variables.

There were significantly higher proportions of primipar-

ous, normal-weight, non-smoking and physically active

women among those who completed the FFQ (and thus

were included in the analysis) than among those who did

not or completed it erroneously (and thus were excluded
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from the analysis) (Table 1), and more of the included

women had planned their pregnancy. The women

included in the analyses were slightly older than the

women who were excluded.

From information on brand names recorded in the FFQ,

iron supplements were defined as pure iron supplements,

liquid iron supplements and supplements with haem iron.

Seventy-seven per cent of the women reported use of iron

supplements in the FFQ, irrespective of dose ingested

(Table 2). This is in accordance with the results from the

second interview, as approximately three-quarters of the

participants reported taking iron supplements from week

20 of gestation as recommended, see Fig. 1 (the small

decrease in the proportion of women taking supplements

from week 28 onwards is due to missing information, as a

small proportion of the participants were interviewed

before week 30 of gestation).

The dietary patterns among users and non-users of iron

supplements are shown in Table 3. No statistically

significant difference was seen in daily energy intake or

intake of macronutrients. With respect to food groups,

supplement users had significantly higher intakes of fruit

and poultry, while non-users had slightly higher intake of

cereals than users. However, although statistically signifi-

cant, the differences were small.

The gestational and lifestyle factors that were regarded

as potential determinants for use of iron supplements were

analysed in univariate models. Furthermore, all explana-

tory variables were included in a multiple logistic

regression model, with use and non-use of supplemental

iron as the outcome variable. The results are shown in

Table 4. The woman’s age, BMI, parity, planning of

pregnancy, smoking habits, alcohol habits and physical

activity in pregnancy were associated with use of

supplemental iron, with primiparous, normal-weight,

non-smoking, physically active women above the age of

20 years with planned pregnancies having the highest

probability of taking iron supplements. The estimates

were slightly weakened after adjusting for the other

factors. Compared with the unemployed, all other socio-

economic groups had a higher probability of taking iron

supplements in the univariate analyses. The association

was weakened in the adjusted analysis. In the univariate

analysis women who perceived their health as good had a

higher probability of taking iron supplements than the

women who reported having less good health; the

association was weakened in the adjusted analysis. No

clear association could be established between use of

supplements and the woman’s worry about the unborn

child. No associations were seen between civil status or

housing and use of iron supplements. Women who drank

alcohol ($0.5 drinks per week) during their pregnancy

had a lower probability of taking iron compared with

women who abstained from alcohol during pregnancy.

Table 1 Comparison of women who were included vs. not
included in the analyses (N ¼ 101 068)

Women included
in analyses

(n ¼ 51 151)*

Women not included
in analyses

(n ¼ 37 700)* P-value

Primiparous (%) 50.2 42.8 ,0.0001‡
Planned

pregnancy (%)
77.3 74.1 ,0.0001‡

Normal
weight† (%)

63.3 54.0 ,0.0001‡

Non-smokers (%) 76.3 70.2 ,0.0001‡
Physically

active (%)
37.7 34.8 ,0.0001‡

Age (years),
mean (SD)

29.8 (4.5) 29.7 (4.3) ,0.0001§

SD – standard deviation.
* Not all women participated in the telephone interviews, thus the sum is
not equal to 101 068.
† Body mass index ¼ 25–29 kg m22.
‡ x2 test.
§ t-test.

Table 2 Intake of iron supplements in the Danish National Birth
Cohort (N ¼ 54 371)*

n (%)

Women who took iron supplements 41 971 (77.2)
75% complier† 35 325 (65.0)

Daily iron dose
0 mg 12 400 (22.8)
1–49 mg 16 543 (30.4)
50–70 mg 5 355 (9.9)
71–100 mg 18 892 (34.8)
. 101 mg 1 181 (2.2)

Iron formulations used‡
Liquid iron formulations 3 778 (7.0)
Haem iron 12 052 (22.2)
Low-dose (1–27 mg) 7 048 (13.0)
High-dose (30–100 mg) 20 001 (36.8)

* Data are based on information from the food-frequency questionnaire,
covering intake in weeks 21–25 of gestation.
† 75% complier – women who took iron supplements for a minimum of
75% of the recording time (four weeks).
‡ The sum of all formulations used is higher than the number of women
who reported taking iron supplements, as a small number of women
reported use of more than one iron supplement.

Fig. 1 Proportion of women (%) reporting intake of iron sup-
plements on a weekly basis in each week of gestation from week
1 to week 30
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Discussion

More than two-thirds of the participants reported use of

iron supplements after week 20 of gestation, which shows

that the recommendation on use of iron supplements has

to a great extent reached the target group within this

population.

We found a lower likelihood of compliance with the

recommendation for iron supplementation among young,

overweight, physically inactive, smoking women, who

had not planned their pregnancy. Young age has been

associated with low compliance to health campaigns in

earlier studies30,31, indicating that younger individuals are

less conscious about health matters or simply do not

receive the message. Smoking in pregnancy was

previously found to be associated with a low rate of iron

supplementation16,22, which is supported by results from

two surveys where pregnant smokers were found to have

a less healthy diet than non-smokers32,33. In two more

surveys in non-pregnant populations, the former smokers

were most likely to take dietary supplements19,21, while

another survey found no association between supplement

use and smoking habit17. Smokers may to a high degree

belong to a group who care less about their health or they

are not reached by public health campaigns. Overweight

women also represented a group of individuals who to a

lesser degree followed the official guidelines according to

iron supplement use, which is also supported by earlier

findings16,30. Not surprisingly, the women who had

planned their pregnancy were more likely to follow the

recommendations, and may be regarded as more

conscious about their pregnancy. Multiparous women

were less likely to follow the recommendations and the

difference remained after adjusting for age. This was also

seen in a previous study of compliance with a

recommendation of periconceptional folic acid sup-

plementation31 and indicates that multiparous women

may have a more casual attitude towards health matters in

relation to pregnancy, possibly because the majority have

experienced a previously uncomplicated pregnancy.

We found a clear association between socio-economic

class and use of iron supplements, with a higher

proportion of iron users among the well-educated

women. This is confirmed in several studies, where

populations with longer education were more likely to

take dietary supplements than groups of less-privileged

individuals15–21,30,33. This is also somewhat supported in

two surveys where low educational level was found to be

associated with low haemoglobin concentration in

pregnancy34,35.

The differences in dietary intake between users and

non-users were small and reached statistical significance in

only two cases, and thus were probably not of nutritional

importance. However, the difference may give a picture of

the dietary patterns of users and non-users of iron

supplements pointing towards the fact that users of

supplements to a higher extent eat a diet closer to current

recommendations. This is supported by earlier findings in

non-pregnant individuals, showing that users of dietary

supplements in general have a healthier diet than non-

users, and that individuals who take dietary supplements

are the most unlikely to need them18,24.

A large proportion of the women took iron supplements

in low doses and consequently did not meet the

recommended dose of 50–70mg iron per day. In contrast,

many of the women took twice the recommended daily

dosage or more per day. Many of the iron preparations

available on the Danish market contain 100mg iron per

tablet, and only a few of the iron preparations recorded in

this cohort contained iron in the recommended dose,

50–70mg. This makes it difficult for women to follow the

recommendation. As a consequence, many of the

pregnant women were exposed to high doses of iron;

this is considered unfavourable as excess iron intake may

Table 3 Intakes of energy, macronutrients and food groups in users (at least 75% of
daily doses) and non-users of supplemental iron (N ¼ 54 371)

Non-users (n ¼ 19 047) Users (n ¼ 35 324) P-value

Total energy (kJ) 9903 (2432) 9931 (2374) 0.3962*
Protein (% of energy) 15.1 (2.4) 15.3 (2.4) 0.2723*
Carbohydrate (% of energy) 53.8 (6.0) 54.4 (5.9) 0.7987*
Fat (% of energy) 30.6 (6.2) 29.8 (5.9) 0.5217*
Alcohol (% of energy) 0.50 (0.7) 0.45 (0.6) 0.1205*

Dietary variables (g/10 MJ)
Dairy products 608 (377; 829) 607 (374; 833) 0.6113†
Fruit 277 (156; 424) 280 (159; 429) 0.0224†
Vegetables 104 (69; 155) 105 (69; 157) 0.3371†
Meat 85 (64; 108) 84 (64; 108) 0.5436†
Fish 22 (12; 34) 22 (13; 34) 0.1219†
Poultry 21 (12; 32) 22 (12; 33) 0.0010†
Cereals 271 (221; 322) 270 (220; 321) 0.0689†
Potatoes 104 (70; 153) 103 (70; 152) 0.1297†
Fats 28 (19; 39) 28 (19; 39) 0.5348†

Data are presented as mean (standard deviation) or median (25th percentile; 75th percentile).
* t-test.
† Wilcoxon signed rank test.
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lead to increased oxidative stress, which has been

associated with gestational hypertension36 and increased

risk of cancer37. Furthermore, high intakes of iron impair

absorption of zinc and other metal ions38 which are also of

increased need during pregnancy39. The prevalence of

hereditary haemochromatosis, which is characterised by

high intestinal iron absorption, is 0.25% for the

homozygotic mutation and 9.2% for the heterozygotic

mutation40, and pregnant women having this condition

should be cautious about taking the high-dose iron

supplements.

In a Swedish survey of adherence to recommendations

on iron supplements in pregnancy, side-effects of the

supplements (gastrointestinal problems) were mentioned

as a reason for poor compliance, as the recommended

daily dose was high (100mg) and side-effects of the

supplements were reported to be dose-dependent41. On

the other hand, in a randomised controlled trial with iron

Table 4 Determinants of use (at least 75% of daily doses, n ¼ 33 145) vs. non-use (n ¼ 17 757) of
iron supplements (N ¼ 50 902)

OR (95% CI)

n % Univariate Multivariate

Parity
0 25 570 70.0 1.51 (1.45–1.57) 1.50 (1.44–1.56)
$ 1 25 332 60.3 1.00 (referent) 1.00 (referent)

Planned pregnancy
Planned 38 385 66.4 1.39 (1.31–1.47) 1.25 (1.17–1.33)
Partly planned 6 245 62.1 1.14 (1.06–1.23) 1.05 (0.98–1.14)
Not planned 5 272 58.4 1.00 (referent) 1.00 (referent)

Woman’s age (years)
, 20 392 48.2 0.49 (0.41–0.60) 0.56 (0.46–0.69)
20–29 27 765 66.7 1.00 (referent) 1.00 (referent)
30–39 22 257 63.5 0.88 (0.85–0.92) 1.00 (0.96–1.04)
. 40 488 64.3 0.93 (0.77–1.12) 1.16 (0.96–1.41)

Pre-pregnancy BMI (kg m22)
, 18.5 2 837 63.8 0.90 (0.84–0.98) 0.95 (0.88–1.03)
18.6–24.9 33 789 66.0 1.00 (referent) 1.00 (referent)
25.0–29.9 9 996 64.6 0.96 (0.91–1.00) 0.98 (0.93–1.02)
30.0–34.9 3 120 60.9 0.81 (0.75–0.87) 0.83 (0.77–0.90)
$ 35.0 1 160 59.1 0.75 (0.66–0.84) 0.78 (0.69–0.88)

Smoking habit in pregnancy
Non-smoker 38 698 66.3 1.00 (referent) 1.00 (referent)
Former and occasional smoker 6 454 64.4 0.92 (0.87–0.97) 0.91 (0.86–0.96)
, 15 cigarettes per day 4 890 58.9 0.73 (0.69–0.78) 0.79 (0.74–0.84)
. 15 cigarettes per day 860 53.4 0.58 (0.51–0.66) 0.70 (0.61–0.81)

Alcohol intake in pregnancy
0 27 656 63.7 1.07 (1.04–1.11) 1.08 (1.04–1.12)
$ 0.5 drinks per week 23 246 62.0 1.00 (referent) 1.00 (referent)

Physical activity in pregnancy
Yes 19 186 64.8 1.14 (1.10–1.18) 1.03 (0.99–1.08)
No 31 716 61.8 1.00 (referent) 1.00 (referent)

Socio-economic group
High 12 280 63.6 1.70 (1.47–1.95) 1.36 (1.17–1.58)
Medium 16 218 65.4 1.83 (1.59–2.10) 1.47 (1.27–1.71)
Skilled 13 770 62.2 1.60 (1.39–1.83) 1.34 (1.15–1.55)
Unskilled 6 216 59.3 1.41 (1.22–1.63) 1.25 (1.07–1.45)
Student 1 617 60.8 1.50 (1.27–1.78) 1.18 (1.00–1.41)
Unemployed 801 50.8 1.00 (referent) 1.00 (referent)

Housing
Own residence 13 884 63.3 1.02 (0.98–1.06) 1.01 (0.97–1.05)
Rent 36 784 62.9 1.00 (referent) 1.00 (referent)
Without residence 234 53.1 0.67 (0.52–0.86) 0.81 (0.62–1.05)

Civil status, has a partner
Yes 50 039 63.1 1.34 (1.18–1.54) 0.99 (0.85–1.15)
No 863 55.9 1.00 (referent) 1.00 (referent)

Worry about unborn child
Not at all 8 010 60.0 0.91 (0.86–0.96) 0.93 (0.88–0.99)
Little 30 154 64.0 1.08 (1.03–1.12) 1.05 (1.01–1.10)
Very much 12 738 62.3 1.00 (referent) 1.00 (referent)

Woman’s self-perceived health
Very good 27 058 63.4 1.29 (1.17–1.42) 1.10 (0.99–1.21)
Average 22 051 62.9 1.26 (1.14–1.39) 1.13 (1.03–1.25)
Not so good 1 793 57.3 1.00 (referent) 1.00 (referent)

OR – odds ratio; CI – confidence interval; BMI – body mass index.
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supplements in varying doses, no difference in occurrence

of side-effects was reported in the groups who received

20, 40, 60 or 80mg iron per day42. However, this may be a

reason for not taking iron supplements, as many of the

available products contain 100mg iron per daily dosage.

The strengths of this study are the large number of

participants and the wide variety of information on

lifestyle and sociodemographic factors collected routinely

in DNBC. A limitation of the cohort is that the participants

cannot be regarded as representative for the whole

population of Danish pregnant women26. The latter is

assumed to cause a selection of women in the cohort who

are more concerned about health matters in relation to

pregnancy compared with the background population43.

The proportions of iron supplement users found in this

study must therefore be regarded as being overestimated,

if not representative. However, the results from this study

indicate that pregnant women belong to a group who in

general pays attention to health recommendations.

Responders and non-responders to FFQs are often

found to differ with respect to lifestyle variables such as

smoking and BMI44. This was also the case in this study, as

seen in Table 1. However, even though the women

included in these analyses may not be representative, we

do believe that the patterns in differences between users

and non-users of iron supplements may reflect the

patterns in the background population.

Conclusion

The recommendation for pregnant women to take

supplemental iron from week 20 of gestation has been

met with success although the doses taken are not optimal.

Many pregnant women take iron in excess of

recommended levels due to inappropriate product

formulations on the Danish market. Not surprisingly,

well-educated, non-smoking women above 20 years of

age comply with the recommendations to a higher degree

than young smoking women with short or no education.

In the future, campaigns should be aimed at more

vulnerable groups, and more attention should be paid to

ensure availability of supplements with appropriate doses

of iron on the Danish market.
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