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Abstract

Objectives: The aim of the present study was to examine the prevalence and
associated factors of dietary supplement use, particularly supplements containing
vitamin D and fatty acids, in pregnant women enrolled in a multi-national study.
Design: The Environmental Determinants of Diabetes in the Young (TEDDY)
study is a prospective longitudinal cohort study. Maternal dietary supplement use
was self-reported through questionnaires at month 3 to 4 postpartum.

Setting: Six clinical research centres; three in the USA (Colorado, Georgia/Florida
and Washington) and three in Europe (Sweden, Finland and Germany).
Subjects: Mothers (n 7326) to infants screened for high-risk HLA-DQ genotypes
of type 1 diabetes.

Results: Ninety-two per cent of the 7326 women used one or more types of
supplement during pregnancy. Vitamin D supplements were taken by 65 % of the
women, with the highest proportion of users in the USA (80-5 %). Overall, 16 % of
the women reported taking fatty acid supplements and a growing trend was seen
in all countries between 2004 and 2010 (<< 0-0001). The use was more common
in Germany (32%) and the USA (24%) compared with Finland (8-:5%) and
Sweden (7-0%). Being pregnant with the first child was a strong predictor for any
supplement use in all countries. Low maternal age (<25 years), higher education,

BMI = 25-0kg/m” and smoking during pregnancy were factors associated with Dietary slﬁgmrr:;:i:
supplement use in some but not all countries. Pregnancy
Conclusions: The majority of the women used dietary supplements during TEDDY
pregnancy. The use was associated with sociodemographic and behavioural Vitamin D
factors, such as parity, maternal age, education, BMI and maternal smoking. Fatty acids

Dietary supplements contribute to the total nutrient
intake in pregnant women. It has been reported that
among women using supplements containing vitamin D,
more than 50% of the total vitamin D intake is provided
by the supplement"* and that vitamin D and fatty acids
from food and supplements are significantly correlated
with maternal and cord blood serum levels®®. Further,
high intake of vitamin D and #»-3 fatty acids from both
foods and dietary supplements during pregnancy has
been reported to be associated with reduced risk of
islet autoimmunity and development of type 1 diabetes

T Members of the TEDDY Study Group are listed in Appendix 1.

*Corresponding author: Email carin.andren_aronsson@med.lu.se
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(T1D) in the offspring™®®. It is hypothesized that the
immune-regulatory properties of vitamin D and the anti-
inflammatory properties of the long-chain -3 fatty acids
may inhibit the pathogenesis of T1D*”,

Pregnant women are encouraged to enhance their diet
during pregnancy to meet increased needs for most
nutrients. There are no explicit recommendations regarding
consumption of dietary supplements, but women with
poor diets, iron-deficiency anaemia, vegans, smokers and
women carrying two or more fetuses are recommended
to enhance their diet with a prenatal dietary supplement® .
The prevalence of supplement use during pregnancy
has been reported to be as high as 80 %>, However, there
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Dietary supplement use during pregnancy

are few such studies, especially in the USA“?.
The National Health and Nutrition Examination Survey
(NHANES) has monitored the use of dietary supplements
in the US population since the 1970s, but the sample size
of pregnant women is too small to draw conclusions
regarding dietary supplement use during pregnancy
among US women'". Supplement use is also reported to
be related to sociodemographic variables""®!'?. NHANES
showed that dietary supplement use in the adult population
varied by education level, weight status and ethnicity™".
Supplement use during pregnancy appears to vary among
ethnic and socio-economic groups and interact with factors
such as supplement use before pregnancy and smoking"'”.
Supplement use during pregnancy has been reported to be
related to age, education, smoking and BMI in the Nordic
countries 7131,

The primary aim of the present study was to describe
the prevalence of dietary supplement use, and particularly
the use of supplements containing vitamin D and fatty
acids, in pregnant women whose children were at
increased genetic risk of T1D. We also wanted to identify
sociodemographic and behavioural factors associated
with supplement use.

Materials and methods

Participants

The Environmental Determinants of Diabetes in the Young
(TEDDY) is a prospective study designed to examine diet-
ary and environmental exposures on islet autoimmunity and
the development of T1D among children with high-risk
HLA-DQ genotypes in the USA, Finland, Germany and
Sweden". Infants are followed from birth until T1D is
diagnosed or until the child is 15 years old. A total of 424 788
newborns were screened between September 2004 and
February 2010, and 8677 HLA eligible infants were enrolled
in the study'®. Ongoing monitoring for diet, infectious
agents, other environmental exposures and autoimmunity
status are completed with interviews, questionnaires, food
records and laboratory tests. Detailed study design and
methods have been previously published”.

Information on dietary supplement consumption was
asked at month 3 to 4 postpartum from 8677 women.
The following women were excluded: (i) mothers of 850
children (9:8%) who had not completed the 9-month clinic
visit, where all sociodemographic data were collected,
(i) mothers of sixty-six children (0-8%) with missing sup-
plement use data; (iii) mothers of 178 children (2-1%) due
to missing or extreme anthropometric measures (BMI <
16:0 or >50-0kg/m?); and (iv) mothers of 257 children
(3:0%) with incomplete or missing sociodemographic
data, resulting in a total of 7326 mothers with complete
data. Written informed consents were obtained for all
study participants from a parent or primary caregiver,
separately, for genetic screening and participation in
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prospective follow-up. The study was approved by local
Institutional Review Boards (six clinical centres in four
countries) and is monitored by an External Advisory
Board formed by the National Institutes of Health.

Questionnaires
A questionnaire containing questions on illnesses, medi-
cations, smoking habits, alcohol intake, diet and dietary
supplement use during pregnancy was mailed to the
women of enrolled children and was completed at month
3 to 4 postpartum. Dietary supplements were defined
as supplements that contain one or any combination of
the following substances: a vitamin, mineral, herb or other
botanical substance, and amino acids, in accordance with
the US Dietary Supplement Health and Education Act of
1994. Homeopathic and protein supplements were not
coded as dietary supplements in TEDDY"'®. Dietary sup-
plements taken due to medical condition or illness were
also included. The women reported product name, fre-
quency per week and duration of usage during pregnancy.
Supplements were classified into twenty-seven single sup-
plements and ten multivitamin/mineral subgroups based on
their nutrient profiles (Appendix 2)”. A dietary supple-
ment user was defined as anyone who reported taking at
least one supplement at least once during the pregnancy.
Maternal education was recorded on a ten-category
scale to accommodate for different education systems in
each country, which was then aggregated into two cate-
gories, basic primary education (primary school through
trade school) and higher education (completed trade
school or higher), to achieve comparability across coun-
tries. Maternal age was defined as the woman’s age at
time of delivery and was treated as both a continuous and
a categorical variable (<25-0 years, 25-0-29-9 years,
30-0-34-9 years and =35-0 years). Pre-pregnancy BMI
was calculated by using mother’s self-reported weight (in
kilograms) before pregnancy divided by the square of
height (in metres) and was categorized based on the
WHO classification®”. Smoking and alcohol consump-
tion during pregnancy were defined as ‘yes’ if reported,
regardless of frequency and duration. Birth order of the
TEDDY child (first-born v. others) was determined by the
question Is this your first child?” Maternal diabetes status
during pregnancy was self-reported and was grouped
into four groups: ‘no diabetes’, ‘type 1 diabetes’, ‘gesta-
tional diabetes and type 2 diabetes’ and ‘unknown’. Race/
ethnicity was analysed only in the US women and was
categorized in five groups (non-Hispanic white, African
Americans, Hispanics, all other races and unknown).

Statistical analyses

Data were analysed using the SAS® statistical software
package version 9-2. Categorical variables were analysed
using the Pearson x* test or Fisher's exact test and
continuous variables were analysed using ANOVA. Multiple
logistic regression analysis was used to determine the
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independent factors associated with maternal use of
supplements containing vitamin D and fatty acids. All
models were assessed overall and separately by country.

Results

The distribution of characteristics of the study population
across the four countries is provided in Table 1. Germany
had the highest maternal age (mean 31-6 years) followed by
Sweden, the USA and Finland (P<<0-0001). Pre-pregnancy
BMI was higher among US women compared with the
European women (P<0-0001). Finland had the highest
proportion of women with higher education followed by
Germany, the USA and Sweden (P<<0-0001). A greater
proportion of German women reported smoking and
drinking during pregnancy than women from the other
countries (P<<0-0001). The use of dietary supplements dur-
ing pregnancy was common among women in all countries
(Table 2). The highest percentage of users was in the USA
(96:4%) while the lowest was in Finland (87-1%) Users

CA Aronsson et al.

tended to be older women (=35-0 years), to be pregnant
with their first child and to have a higher educational level
compared with non-users. In both the USA and Finland,
drinking alcohol during pregnancy was more common
among supplement users than non-users, although these
differences were not seen in Germany and Sweden. Smoking
was more often reported among the non-users in all four
countries. A higher percentage of women with BMI = 25-0
kg/m?* was seen among non-users in Germany (P= 0-0003)
and Sweden (<C0-0001) but not in the USA and Finland.

Predictors of any dietary supplement use

during pregnancy

Results of the multivariable analysis demonstrated that in
all countries, women who were pregnant with their first
child were more likely to use supplements (Table 3).
Younger women (<25-0 years) were less likely to use
supplements compared with older women. Women with
higher education in the USA and Sweden, but not in Finland
and Germany, were more likely to use dietary supplements.

Table 1 Cohort characteristics by country (n 7326): The Environmental Determinants of Diabetes in the Young (TEDDY) study

USA Sweden Finland Germany
(n2961) (n 2231) (n 1622) (n512)
Mean SD Mean SD Mean sSD Mean SD
Maternal age (years) 30-6° 57 30-8° 4-6 30-5° 5-0 31-62 4-9
Pre-pregnancy BMI (kg/m?) 25-62 6:0 24-3° 4-6 24.2° 46 24.2° 4-9
n % n % n % n % P
Maternal education <0-0001
Basic primary 483 16-3 751 337 157 9-7 70 137
Higher education 2478 837 1480 66-3 1465 90- 442 86-3
Mother’s first child <0-0001
Yes 1247 421 1064 47-7 731 451 259 50-6
No 1714 57-9 1167 52-3 891 54-9 253 49-4
Pre-pregnancy BMI (kg/m?) <0-0001
<18-5 86 29 64 2:9 54 3-3 26 5-1
18-5-24-9 1604 542 1398 62:7 1042 642 316 61-7
=25-0 1271 42-9 769 34-4 526 324 170 332
Smoking during pregnancy <0-0001
Yes 294 9-9 276 124 227 140 104 20-3
No 2667 90-1 1955 87-6 1395 86-0 408 797
Drinking during pregnancy <0-0001
Yes 1164 39-3 624 28-0 493 304 237 46-3
No 1797 60-7 1607 72:0 1129 69-6 275 53-7
Maternal diabetes status during pregnancy <0-0001
None 2644 89-3 2092 93-8 1336 93-8 344 67-2
T1D 102 34 39 1-8 61 3-8 94 184
Gestational or T2D 167 57 68 3-0 175 10-8 21 41
Unknown/missing 48 1-6 32 1-4 50 3-:0 53 10-3
TEDDY child with T1D in FDR <0-0001
Yes 327 11-0 144 6-5 147 91 196 38-3
No 2634 89-0 2087 93-5 1475 90-9 316 61-7
Race/ethnicity*
Non-Hispanic white 2193 74-0
African Americans 62 21
Hispanic 508 17-2
All other 130 4-4
Unknown/missing 68 2:3

T1D, type 1 diabetes; T2D, type 2 diabetes; FDR, first-degree relative (mother, father and/or siblings).
ab-C\ean values within a row with unlike superscript letters were significantly different (P < 0-05).
*US mothers only.
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Table 2 Distribution and description of non-users and any supplement users, by respondent characteristics: The Environmental Determinants of Diabetes in the Young (TEDDY) study

USA Sweden Finland Germany
Non-users Users Non-users Users Non-users Users Non-users Users
n % n % P n % n % P n % n %o P n % n % P
106 3-6 2855 96-4 245 11-0 1986 89-0 209 129 1413 87-1 38 7-4 474 926

Mother’s first child

Yes 23 217 1224 42-9 <0-0001 91 37-1 973 49-0 0-0005 72 345 659 46-6 0-0009 14 36-8 245 51-7 0-0782
Maternal education

Higher education 60 56-6 2418 84-7 <0-0001 121 49-4 1359 684 <0-0001 187 89-5 1278 90-5 0-6573 31 816 411 86-7 0-3758
Maternal age (years)

<25-0 35 330 433 152 <0-0001 41 16-7 140 7-0 <0-0001 40 191 180 12:7 0-0095 7 18-4 37 78 0-0719

25-0-29-9 28 264 731 256 76 310 603 30-4 58 27-8 503 356 10 26-3 118 249

30-0-34-9 31 293 953 334 87 355 808 40-7 63 30-1 472 33-4 15 395 179 370

=35-0 12 113 738 25-8 41 16-7 435 21-9 48 23-0 258 18-3 6 15-8 140 295
Smoking

Yes 23 217 271 9:5 <0-0001 52 212 224 11-3 <0-0001 45 215 182 129 0-0008 14 36-8 90 19-0 0-0085
Drinking

Yes 31 29-2 1133 397 0-0307 56 229 568 28-6 0-0588 49 234 444 31-4 0-0193 22 579 215 454 0-1359
Maternal diabetes status

None 90 849 2554 89-5 0-3727 220 89-8 1872 94-3 0-0099 169 809 1167 826 06947 23 60-5 321 677 0-5416

Ti1D 4 3-8 98 34 10 41 29 15 7 34 54 3-8 5 13-2 89 188

GDM/T2D 10 9-4 157 55 9 37 59 30 24 115 151 107 2 5-3 19 4.0

Unknown 2 1-9 46 16 6 2:4 26 13 9 4.3 41 2:9 8 21-0 45 95
TEDDY child’s birth year

2004/2005 12 113 292 10-2 0-7612 67 274 424 21-4 0-2441 62 297 291 20-6 0-0266 2 5-3 65 137 0-1327

2006 20 189 456 16-0 45 184 385 194 37 177 261 185 13 34-2 86 18-1

2007 26 245 624 21-9 50 204 394 19-8 38 182 306 21-7 6 15-8 89 188

2008 22 20-8 680 23-8 37 15-1 352 17-7 37 177 235 16-6 7 184 107 226

2009/2010 26 245 803 28-1 46 188 431 217 35 16-8 320 22-6 10 26-3 127 26-8
Pre-pregnancy BMI (kg/m?)

<185 2 1-9 84 29 0-0683 9 3-7 55 2:8 <0-0001 4 1-9 50 35 0-1249 4 10-5 22 46 0-0003

18-5-24-9 47 44-3 1557 545 122 49-8 1276 64-2 126  60-3 916 64-8 12 316 304 641

=25-0 57 53-8 1214 425 114 465 655 33-0 79 378 447 31-6 22 579 148 31-2

T1D, type 1 diabetes; T2D, type 2 diabetes.
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Table 3 Adjusted sociodemographic predictors for any dietary supplement use during pregnancy, by country: The Environmental Determinants of Diabetes in the Young (TEDDY) study

USA Sweden Finland Germany
OR 95% Cl P OR 95% ClI P OR 95% Cl P OR 95% Cl P

Mother’s first child

No 1-00 1-00 1-00 1-00

Yes 3-18 1-94, 5-21 <0-0001 1-98 1-46, 270 <0-0001 1-75 1-26, 1-45 0-0008 3-18 1-40, 7-25 0-0058
Maternal education

Basic primary 1-00 1-00 1-00 1-00

Higher education 2-39 1-47, 3-89 0-0005 1-62 1-20, 217 0-0015 0-90 0-54, 1-48 NS 1-24 0-45, 3-41 NS
Maternal age (years)

<25-0 0-56 0-32, 0-97 0-0385 0-47 0-29, 0-74 0-0013 0-52 0-33, 0-83 0-0193 0-40 0-12,1-37 NS

25-0-29-9 1-00 1-00 1-00 1-00

30-0-34-9 1-03 0-60, 1-76 NS 116 0-82, 1-63 NS 0-90 0-61, 1-32 NS 1-27 0-51, 3-18 NS

=35-0 2-14 1-06, 4-34 0-0347 1-43 0-94, 2-18 NS 0-71 0-46, 1-10 NS 2-31 0-75, 7-10 NS
Pre-pregnancy BMI (kg/m?)

<185 1-84 0-43, 7-86 NS 0-71 0-33, 1-52 NS 2-:08 0-73, 5-96 NS 0-24 0-07, 0-91 0-0352

18-5-24-9 1-00 1-00 1-00 1-00

=25-0 0-76 0-50, 1-14 NS 0-64 0-48, 0-84 0-0017 0-82 0-60, 1-12 NS 0-22 0-10, 0-48 0-0001
TEDDY child with T1D in FDR

No 1-00 1-00 1-00 1-00

Yes 1-56 0-71, 3-43 NS 0-60 0-37, 0-96 0-0331 3-44 1-11, 10-70 0-0328 2:00 0-87, 4-60 NS
Smoking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 0-65 0-38, 1-10 NS 0-67 0-46, 0-97 0-0326 0-56 0-38, 0-83 0-0036 0-65 0-29, 1-47 NS
Drinking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 114 0-73,1-78 NS 118 0-85, 1-64 NS 1-54 1-08, 2:19 0-0160 0-48 0-27, 1-02 NS
TEDDY child’s birth year

2004/2005 1-00 1-00 1-00 1-00

2006 0-99 0-47, 2-11 NS 1-35 0-89, 2-:04 NS 1-42 0-90, 2-23 NS 0-19 0-04, 0-92 0-0394

2007 1-05 0-51, 217 NS 1-29 0-86, 1-93 NS 1-84 1-18, 2-88 0-0069 0-42 0-08, 2-31 NS

2008 1-41 0-67, 2-96 NS 1-58 1-02, 2-44 0-0420 1-49 0-94, 2-36 NS 0-58 0-11, 3-07 NS

2009/2010 1-45 0-70, 2-97 NS 1-53 1-01, 2-30 0-0431 2:27 1-42, 3-63 0-0006 0-46 0-09, 2-33 NS
Race/ethnicity*

Non-Hispanic white 1-00

African Americans 0-78 0-26, 2:32 NS

Hispanic 0-80 0-49, 1-30 NS

All other 0-60 0-24, 1-44 NS

Missing/unknown 0-71 0-21, 2:43 NS

T1D, type 1 diabetes; FDR, first-degree relative (mother, father and/or siblings).

Separate multivariate models, including the variables listed above, were run for each country.

*US mothers only.
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Women who smoked during pregnancy were less likely
to use dietary supplements in Finland and Sweden,
but not in the USA and Germany. In Finland, women
were more likely to be supplement users if the child had
a first-degree relative diagnosed with T1D or if they
reported alcohol consumption during pregnancy. Women
in Sweden and Germany with a pre-pregnancy BMI=
25-0kg/m? were less likely to use any dietary supplement
during pregnancy. Race/ethnicity among US women did
not predict dietary supplement use.

Use of supplements containing vitamin D

or fatty acids

The overall proportion of women using supplemental
vitamin D from either single or multivitamin preparations
was 65% (4768/7326) and of those, 62% (2972/4768) used
vitamin D supplements throughout the entire pregnancy. The
remaining women (38 %) were using supplements on aver-
age for 24-7 (sp 10-2) weeks during pregnancy. In the USA,
81% of the women reported using vitamin D-containing
supplements while the proportion of women using supple-
ments was lower in the European countries, with 71% in
Finland, 48 % in Sweden and 33 % in Germany (Table 4). For
dietary supplements containing fatty acids, the overall pro-
portion of users was 16% (1161/7326) and of those, 53%
(616/1161) used the fatty acid supplements throughout the
entire pregnancy. The mean duration for the remaining 47 %
was 21-3 (sp 9-9) weeks. The highest proportion of fatty acid
supplement users was found in Germany (32%). In the USA,
24% of the women used such supplements compared with
less than 10% in Finland and Sweden (Table 5).

The prevalence of vitamin D supplement use during
pregnancy was relatively stable through the study screening
years (2004-2010), except that it increased from 63%
to 79% in Finland (P<0-0001; Fig. 1. Meanwhile, con-
sumption of fatty acid supplements grew in all countries
during this 5-year period (P<<0-0001). The greatest change
was seen in the USA and Germany, with an increase in
supplement use by 60 %.

Predictors of supplements containing vitamin D
during pregnancy

Being pregnant with the first child was a common pre-
dictor for use of vitamin D-containing supplements in all
TEDDY countries (Table 4). Higher education in the USA
and Sweden, but not in Finland and Germany, was a
predictor for vitamin D use. Higher maternal age (=30-0
years) was also a predictor for vitamin D supplement use
in the USA and Sweden, but not in Germany; and was a
predictor of less use in Finland (=35-0 years). Women in
Sweden with a pre-pregnancy BMI=25-0kg/m® were
less likely to use vitamin D supplements. Women in the
USA, Finland and Germany who smoked during preg-
nancy were less likely to use vitamin D supplements,
while alcohol consumption during pregnancy was not
associated with the use of vitamin D supplements. In the
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USA, women with race/ethnicity other than non-Hispanic
white were less likely to use vitamin D supplements.

Predictors of supplements containing fatty acids
during pregnancy

Older maternal age, =30-0 years in the USA and Germany
and =35-0 years in Sweden, was associated with using
supplements containing fatty acids (Table 5). Higher
maternal education was associated with fatty acid sup-
plements use in the USA only. Women pregnant with the
first child or with higher maternal age were more likely to
use dietary supplements containing fatty acids, except in
Finland. Smoking was a predictor of less use in the USA
and Germany but not in Finland and Sweden. Women
with BMI = 25-0 kg/m? in the USA and Finland were less
likely to use fatty acid supplements. Birth year of the child
was associated with a growing prevalence of fatty acid
supplement use in all countries. There was no difference
in use by race/ethnicity among the US women.

Discussion

To the best of our knowledge, the current study is the first
international prospective cohort study presenting data on
maternal dietary supplement use from four countries.
High prevalence of any dietary supplement use, ranging
from 87 % in Finland to 96 % in the USA, was observed in
pregnant women participating in the TEDDY study.
Women who were pregnant with their first child were
more likely to take supplements. In both the USA and
Sweden, supplement users were more likely to have a
higher education. Younger women (<25-0 years) were
less likely to use any supplements during their pregnancy
in all countries except in Germany. The association between
demographic and lifestyle factors and dietary supplement use
during pregnancy observed in the TEDDY population was
consistent with the literature!3%,

In the present study, supplement use was self-reported
by mothers at months 3 to 4 postpartum. The questionnaires
were checked by trained study personnel for completeness
during the first clinic visit. Self-reported supplement use
may be associated with both over- or under-reporting, but
studies on dietary supplement use during pregnancy have
reported a high correlation between biomarker concentra-
tions and intake estimated by self-reported methods®*".

A healthy pre-pregnancy BMI has often been asso-
ciated with maternal supplement use, but we did not see
a clear association across countries in our analysis. One
reason may be due to different cut-off points. We used
the current WHO classification without differentiating
between overweight and obesity®”. Other studies have
used different cut-off points, often in four levels, that
define underweight and normal weight slightly differently
and separate overweight (BMI = 25-0-30-0kg/m?®) from
obese (BMI>30-0kg/m*™*'*?? Our results showed
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Table 4 Adjusted sociodemographic predictors for use of supplements containing vitamin D during pregnancy, by country: The Environmental Determinants of Diabetes in the Young (TEDDY)

study

Users (single or MVM preparations):

USA

Sweden

Finland

Germany

n 2383; 80-5%

n1060; 47-5%

n1158; 71-4%

n167; 32:6 %

OR 95% Cl P OR 95% Cl P OR 95% Cl P OR 95% Cl P

Mother’s first child

No 1-00 -00 1-00 1-00

Yes 1-29 1-05, 1-58 0-0160 1-62 1-35, 1-94 <0-0001 1-71 1-34, 2:18 <0-0001 1-73 1-14, 2-62 0-0098
Maternal education

Basic primary 1-00 1-00 1-00 1-00

Higher education 1-53 1-18, 1-98 0-0013 1-79 1-47, 217 <0-0001 1-05 0-72, 1-54 NS 1-93 0-96, 3-86 NS
Maternal age (years)

<25-0 0-58 0-43, 0-77 0-0002 0-70 0-48, 1-01 0-0536 0-73 0-51, 1-05 NS 0-72 0-31, 1-66 NS

25-0-29-9 1-00 1-00 1-00 1-00

30-0-34-9 1-39 1-07, 1-80 0-0149 1-39 112, 1-72 0-0023 110 0-83, 1-47 NS 0-92 0-56, 1-53 NS

=35-0 1-31 0-98, 1-75 NS 1-30 1-08, 1-67 0-0435 0-67 0-49, 0-92 0-0143 0-94 0-55, 1-62 NS
Pre-pregnancy BMI (kg/m?)

<185 1-41 0-78, 2:55 NS 0-82 0-49, 1-39 NS 1-28 0-66, 2-46 NS 1-11 0-46, 2-71 NS

18-5-24-9 1-00 1-00 1-00 1-00

=25-0 0-88 0-73, 1-08 NS 0-78 0-65, 0-94 0-0074 0-83 0-66, 1-06 NS 0-74 0-48, 1-12 NS
Smoking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 0-67 0-50, 0-90 0-0069 0-81 0-61, 1-07 NS 0-52 0-38, 0-71 <0-0001 0-29 0-14, 0-58 0-0005
Drinking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 1-22 0-99, 1-49 NS 1-05 0-86, 1-27 NS 1-26 0-98, 1-62 NS 0-91 0-60, 1-36 NS
TEDDY child’s birth year

2004/2005 1-00 1-00 1-00 1-00

2006 0-78 0-52, 1-18 NS 0-78 0-60, 1-02 NS 1-23 0-88, 1-73 NS 1-99 0-95, 4-16 NS

2007 0-69 0-47, 1-01 NS 0-90 0-69, 1-17 NS 2-28 1-62, 3-23 <0-0001 2-81 1-34, 5-90 0-0156

2008 0-69 0-47, 1-01 NS 0-96 0-73, 1-26 NS 1-55 1-09, 2:20 0-0152 2-:08 0-98, 4-20 NS

2009/2010 0-73 0-50, 1-06 NS 1-22 0-94, 1-58 NS 2-19 1-56, 3-09 <0-0001 1-40 0-68, 2-90 NS
Race/ethnicity*

Non-Hispanic white 1-00

African Americans 0-50 0-28, 0-88 0-0163

Hispanic 0-61 0-48, 0-77 <0-0001

All other 0-61 0-40, 0-95 0-0272

Missing/unknown 0-46 0-26, 0-79 0-0052

MVM, multivitamin/mineral.

Separate multivariate models, including the variables listed above, were run for each country.

*US mothers only.
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Table 5 Adjusted sociodemographic predictors for use of supplements containing fatty acids during pregnancy, by country: The Environmental Determinants of Diabetes in the Young (TEDDY)

study
USA Sweden Finland Germany
Users (single or MVM preparations): n704; 23:8% n156; 7-:0% n138; 8:5% n163; 31:8%
OR 95% Cl P OR 95% Cl P OR 95% Cl P OR 95% Cl P

Mother’s first child

No 1-00 1-00 1-00 1-00

Yes 1-79 1-49, 2-15 <0-0001 2-69 1-89, 3-84 <0-0001 1.27 0-88, 1-82 NS 2:42 1-58, 3-73 <0-0001
Maternal education

Basic primary 1-00 1-00 1-00 1-00

Higher education 1-59 1-16, 2:20 0-0046 1-03 0-71, 1-50 NS 0-75 0-40, 1-40 NS 1.22 0-62, 2-40 NS
Maternal age (years)

<25-0 0-63 0-45, 0-89 0-0093 0-57 0-26, 1-22 NS 0-38 0-19, 0-79 0-0092 1-14 0-47, 2:74 NS

25-0-29-9 1-00 1-00 1-00 1-00

30-0-34-9 1-60 1-26, 2-01 <0-0001 1-35 0-90, 2-03 NS 0-83 0-54, 1-27 NS 2-87 1-65, 4-99 0-0002

=35-0 1-65 1-28, 2:12 <0-0001 1-92 1-21, 3-06 0-0059 1-24 0-77, 1-99 NS 2-93 1-63, 5-27 0-0003
Pre-pregnancy BMI (kg/m?)

<185 1-42 0-84, 2:40 NS 0-75 0-26, 2:15 NS 0-56 0-17, 1-84 NS 1-03 0-40, 2:66 NS

18-5-24-9 1-00 1-00 1-00 1-00

=25-0 0-76 0-64, 0-91 0-0032 0-81 0-57, 1-17 NS 0-66 0-44, 0-98 0-0412 1-16 0-76, 1-77 NS
Smoking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 0-48 0-32, 0-71 0-0002 0-95 0-54, 1-67 NS 0-79 0-44, 1-41 NS 0-38 0-20, 0-75 0-0049
Drinking during pregnancy

No 1-00 1-00 1-00 1-00

Yes 117 0-97, 1-40 NS 1-01 0-71, 1-45 NS 0-82 0-55, 1-23 NS 0-95 0-63, 1-44 NS
TEDDY child’s birth year

2004/2005 1-00 1-00 1-00 1-00

2006 1-75 1-13, 2:73 0-0128 3-46 3-49, 8-45 0-0043 1-80 0-88, 3-66 NS 1-81 0-80, 4-09 NS

2007 2:69 1-80, 4-07 <0-0001 8:70 3-87, 19-55 <0-0001 2-87 1-51, 5-48 0-0014 2-99 1-35, 6-65 0-0070

2008 371 2:47, 5-56 <0-0001 10-07 4-48, 22-66 <0-0001 3-46 1-80, 6-63 0-0002 2:60 1-19, 5-66 0-0165

2009/2010 4-96 3-33, 7-40 <0-0001 7-70 3:43, 17-30 <0-0001 3:42 1-82, 6-45 0-0001 4-21 1-96, 9-04 0-0002
Race/ethnicity*

Non-Hispanic white 1-00

African Americans 1-04 0-53, 2:02 NS

Hispanic 0-94 0-72, 1-22 NS

All other 1-03 0-68, 1-57 NS

Missing/unknown 0-95 0-53, 1-72 NS

MVM, multivitamin/mineral.

Separate multivariate models, including the variables listed above, were run for each country.

*US mothers only.
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Fig. 1 Trends in reported intake of dietary supplements containing vitamin D (——) and fatty acids (——) during pregnancy
between 2004 and 2010, by country: The Environmental Determinants of Diabetes in the Young (TEDDY) study

that overweight women in Sweden and Germany were
less likely to use dietary supplements and overweight
women in the USA and Finland were less likely to use
supplements containing fatty acids.

One of the few recent studies on maternal supplement
use and sociodemographic factors from the USA reports
that iron supplementation is associated with ethnicity*®.
We did not observe differences regarding race/ethnicity
when looking at any supplement use. This may be due to
the definition of supplement use, although most of the
prenatal multivitamins contain iron. Our description of
any dietary supplement use is very broad, it may contain
supplement use for health-seeking reasons (enhance
the diet) and for medical reasons (e.g. anaemia). We do
not have information about the reason why women use
dietary supplements and are therefore not able to sepa-
rate these behaviours. However, when looking at vitamin D-
containing supplements, women with race/ethnicity
other than non-Hispanic white were less likely to use
these supplements.

The variable maternal education only affected women
in the USA and Sweden. It has been implied that a higher
education level gives a greater awareness of the role
of nutrition in good health®*?>, Factors such as being
pregnant with the first child and higher maternal age may
also indicate higher awareness regarding possible
mechanisms in diet-related health. In our study, the use of
supplements containing fatty acids may give a better
picture of a health-seeking behaviour during pregnancy.
An adequate intake of DHA in pregnant women is critical
to development of the fetal brain in the third trimester®®,
and has also been linked to reduced risk of T1D in the
offspring™®. The recommended DHA intake should pre-
ferably come from consumption of one or two fish meals
per week or a dietary supplement®”. However, despite

https://doi.org/10.1017/51368980013000293 Published online by Cambridge University Press

higher needs during pregnancy, women often decrease
fish consumption due to warnings about contaminants
such as methyl mercury and dioxins. Reduced or altered
fish consumption together with low frequency of fatty
acid supplementation may lead to insufficient exposure to
long-chain -3 fatty acids in utero®”. The use of fatty
acid supplementation during pregnancy was not common
in the TEDDY population, with less than 10% in Finland
and Sweden but higher in the USA (24 %) and Germany
(32%). In Norway, a Nordic country with a long-standing
tradition of cod-liver oil use, the prevalence of fatty acid
supplement use was 59 % among pregnant women'". The
lower prevalence in TEDDY could be compared with
another Nordic country, Denmark, where only 4% of
women reported use of fish oil formulations during
pregnancy®®. The use of fatty acid supplementation has
increased in all TEDDY countries. Birth year of the child
was a factor that was significant across all countries. The
later the child was born during the TEDDY screening
period, the more likely it was that the mother used fatty
acid supplements. This could reflect different trends in
the prenatal supplement markets, but could also be due
to revised national recommendations.

There are very few studies on prevalence of supple-
ment use during pregnancy in the USA, but in a study on
pregnant women in California during 2006-2008, 89 % of
the women reported using dietary supplements'®. More
studies from Europe have presented data on maternal
supplement use. In the DIPP study in 1998-2000, 85 % of
the women reported taking dietary supplements'”. In the
All Babies in Southeast Sweden (ABIS) study in Sweden,
56 % of the women took some type of dietary supplement
during pregnancy in 1997-1999*¥; this can be compared
with, almost 10 years later, the 89 % of Swedish women in
TEDDY who reported any supplement use. The high
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Table 6 Country-specific dietary supplement recommendations for pregnant women (TEDDY screening period 2004—2010)

(29)

Finland®" Germany

400 p.g/d during first
trimester

400 pg/d during first trimester

100-(150) pg/d

USA*® Sweden®©?)
Folic acid 400 pg/d during first 400 pg/d during first trimester
trimester

Iron 27 mg/d 100 mg/d in second half of
pregnancy — recommendation
removed in 2008

lodine

Vitamin D

DHA (22:6n-3)

since 2008

Women who do not eat fish:
200 mg/d — recommendation

10 p.g/d during
winter months
Women who do not eat fish:
200 mg/d — recommendation
since 2008

TEDDY, The Environmental Determinants of Diabetes in the Young.

*A prenatal multivitamin/multimineral supplement is recommended for women with iron-deficiency anaemia, poor-quality diets, vegans, vegetarians, smokers

and women carrying two or more fetuses.

prevalence of supplement use in all TEDDY countries
may be attributed to the recommendations on supple-
mentation during pregnancy. The folic acid recommen-
dation of 400 pg/d before getting pregnant and for the
first trimester is given in all countries. Most countries
recommend iron supplementation if the status is too low,
often during the second half of the pregnancy. In the
USA, health-care providers recommend women to use a
standard prenatal multivitamin/multimineral supplement
throughout pregnancy and even before becoming preg-
nant®. In Europe, there are variations in additional
supplement recommendations and they have changed
during the TEDDY study period. In Germany, prenatal
iodine supplementation is recommended®”. Since 2008,
both Germany and Sweden have clarified the benefits of
eating fish during pregnancy®>® in their national recom-
mendations. Women who do not eat fish are recommended
to eat 200 mg DHA/d during pregnancy. In Finland, preg-
nant women are currently recommended to take 10 ug of
supplemental vitamin D daily throughout the year; before
2011, vitamin D supplements were recommended to be
used only during winter months®". Table 6 summarizes
the country-specific recommendations regarding dietary
supplementation during pregnancy. Country-specific
recommendations on vitamin D and fatty acids were
reflected in our data. Countries with vitamin D recommen-
dations had higher prevalence of supplement use than
countries without specific recommendations.

Our findings may not be readily generalized to the gen-
eral population due to our selection criterion of high-risk
HLA genotypes representing approximately 5% of the
population, but the results are important and comparable
with other longitudinal studies.

Conclusion

The present study captured a high prevalence of supple-
ment use during pregnancy in the USA, Sweden, Finland
and Germany. Being pregnant with the first child was a
strong predictor for any supplement use in all countries.

https://doi.org/10.1017/51368980013000293 Published online by Cambridge University Press

Higher education, low maternal age, BMI = 25-0kg/m?
and smoking during pregnancy were additional pre-
dictors but not consistently across all countries. The use
of vitamin D-containing supplements was more common
in countries with pertinent national recommendations.
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Appendix 2

Coding of dietary supplements in The
Environmental Determinants of Diabetes in the
Young (TEDDY) study

Single vitamins and minerals

Vitamin D

Vitamin C

Probiotic

Single fatty acid (e.g. DHA, EPA, +-linolenic acid,
dihomo-y-linolenic acid, arachidonic acid)

Calcium

Vitamin Bg

Vitamin By,

Folic acid

Vitamin A
Vitamin E
Iron

Niacin
Zinc
Magnesium
Potassium
Choline
Vitamin B,
Vitamin B,
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Biotin
Pantothenic acid
Selenium
Chromium
Fluorine
B-Carotene
Iodine
Copper
Antioxidants (non-vitamin/mineral; e.g.
coenzyme Qq¢)

lycopene,

Multivitamins/minerals

Multivitamins/minerals with probiotic (no vitamin D,
no fish oil/fatty acids)

Multivitamins/minerals containing vitamin D (no pro-
biotic, no fish oil/fatty acids)
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Multivitamins/minerals (no vitamin D, no probiotic, no
fish oil/fatty acids)

Multivitamins/minerals with fish oil/fatty acids (no
vitamin D, no probiotic)

Multivitamins/minerals with fish oil/fatty acids contain-
ing vitamin D (no probiotic)

Multivitamins/minerals with probiotic and fish oil/fatty
acids and containing vitamin D
Multivitamins/minerals ~with  probiotic
vitamin D (no fish oil/fatty acids)
Multivitamins/minerals with probiotic and fish oil/fatty
acids (no vitamin D)

Antioxidants (products with several non-vitamin/
mineral antioxidants, e.g. combination of lycopene,
coenzyme Qqq, etc.)

Mixture of fatty acids without vitamin/mineral (no
probiotic, no vitamin D)

containing
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