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ABSTRACTABSTRACT

INTRODUCTION: The aim of this study was to assess the association between multivitamin intake during pregnancy and the
risk of preterm birth and very preterm birth.

METHODS: The study population comprised 15,629 women from the Copenhagen Pregnancy Cohort with data on pregnancy
multivitamin intake during their first trimester who gave birth to singletons from October 2012 to October 2016. Data on
pregnancy multivitamin intake were linked to the Medical Birth Registry to identify the birth outcome. The main outcome
measures were preterm birth before 37 weeks of gestation and very preterm birth before 32 weeks of gestation.

RESULTS: Among the included women, 85.6% had taken daily pregnancy multivitamins during their first trimester. We found no
evidence that pregnancy multivitamin intake during the first trimester was associated with a decreased risk of preterm birth
(adjusted odds ratio (OR) = 1.01; 95% confidence interval (CI): 0.77-1.33) or very preterm birth (adjusted OR = 1.06; 95% CI:

0.63-1.77). Stratification for BMI into < 25 kg/m2 and ≥ 25 kg/m2 did not alter these findings.

CONCLUSIONS: Pregnancy multivitamin intake during the first trimester was not associated with a decreased risk of preterm
birth or very preterm birth among women in a high-income population.

FUNDING: none.
TRIAL REGISTRATION: not relevant.

Preterm bir th is the leading cause of neonatal morbidity and mortality, and of long-term disability in
infants with no congenital malformations [1]. Nutr itional status is known to play an important role in the
pathogenesis of preterm bir th [2]. In high-income countr ies, a healthy diet is widely available. However,
many women tend to consume a low-quality diet with poor  nutr itional value, which leads to an inadequate
vitamin and mineral intake during pregnancy, possibly resulting in preterm bir th [3, 4]. A systematic
review and meta-analysis found that dietary intakes of pregnant women from high-income countr ies did
not align with the national recommendations [5]. In Denmark, a daily supplement of 400 µg of folic acid
prior  to pregnancy and until week 12 of gestation to prevent neural-tube defects is recommended [6]. In
addition, a daily supplement of vitamin D is recommended throughout the pregnancy and
supplementation of iron is recommended from gestational week 10 [6]. A recent systematic review and
meta-analysis found that periconceptional multivitamin intake did not prevent preterm bir th [7]. However,
the authors stressed the need for  additional data on multivitamin intake in pregnancy preferably from
randomised controlled tr ials or  large cohort studies with multiple confounder  controls including BMI,
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assisted reproductive technology (ART), parity, smoking and use of alcohol and medicine [7]. Therefore,
using data from the Copenhagen Pregnancy Cohort, we aimed to assess whether  multivitamin intake
during pregnancy was associated with a decreased r isk of preterm bir th. In addition, we aimed to assess
whether  multivitamin intake during pregnancy was associated with a decreased r isk of very preterm bir th
as this has only been done once before to our  knowledge [8].

METHODSMETHODS

This prospective cohort study was based on analyses of data from the Copenhagen Pregnancy Cohort and
reported according to The Strengthening the Reporting of Observational Studies in Epidemiology
guidelines. The Copenhagen Pregnancy Cohort represents women who scheduled an appointment for  the
combined first-tr imester  screening in the period from October  2012 to October  2016 at Rigshospitalet,
Denmark. The department serves as a pr imary bir th facility for  women from a local catchment area as
well as a tertiary referral hospital for  the Eastern part of Denmark. The combined first-tr imester
screening programme is free of charge in Denmark and was attended by 95% of all women in 2016 [9]. All
women who scheduled a combined first-tr imester  screening at Rigshospitalet in the study period (n =
22,096) received an email with a link to an online questionnaire in Danish and English with questions
relating to socio-demographic character istics, health and lifestyle factors. The information was
transferred electronically to the womenʼs medical records. The total response rate was 91.4%. A personal
identification number  issued to all Danish citizens made it possible to link women in the Copenhagen
Pregnancy Cohort to the Medical Bir th Registry in order  to establish the bir th outcome. Women with
multiple gestations (n = 571) and women with incomplete information on multivitamin intake (n = 246) were
excluded. The final study sample consisted of 15,629 singleton deliveries (Fig u r e 1Fig u r e 1 ).

The online questionnaire that was pretested in 200 pregnant women using face-validity comprised items
on multivitamin intake in pregnancy. Vitamin use was reported as 1) daily intake of a pregnancy
multivitamin tablet at the time of conception, 2) daily intake of a pregnancy multivitamin tablet at the time
of completing the questionnaire, 3) no intake of a pregnancy multivitamin tablet at the time of conception
and 4) no intake of a pregnancy multivitamin tablet at the time of completing the questionnaire.
Periconceptional multivitamin intake was defined as daily intake at the time of conception and at the time
of completing the questionnaire. Postconceptional intake was defined as daily intake only at the time of
completing the questionnaire. Finally, any multivitamin intake was defined as intake in the peri- or
postconceptional period. Women without intake of multivitamins at conception or  at the time of
completing the questionnaire served as reference for  all models. Multivitamin intake was self-reported in
the first tr imester  of pregnancy at the time of completing the questionnaire.
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The primary outcome was preterm bir th defined as delivery before 37 completed weeks of gestation. The
secondary outcome was very preterm bir th defined as delivery before 32 completed weeks of gestation.
Gestational age was assessed upon delivery based on ultrasound measurement of crown-rump length in
the first tr imester . All outcomes were extracted from the Danish Medical Bir th Registry, which holds
information about all live and in Denmark from 1973 [10].

Statistical analyses were performed using SAS 9.4 software. Descriptive analyses were conducted to assess
the distr ibution of the various confounders across each level of multivitamin intake. We used
multivariable logistic regression analyses to test the association between multivitamin intake and preterm
birth and very preterm bir th adjusting for  a pr ior i identified potential confounders including maternal
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age, pre-pregnancy BMI, maternal educational level, chronic disease (hypertension, heart or  lung disease
diabetes mellitus, thyroid disorders, rheumatoid arthritis and psychiatr ic disorder), maternal smoking,
maternal diet (conventional, vegetar ian, vegan), use of ART and gestational age at recruitment [11-16].
Additionally, we stratified results by maternal pre-pregnancy BMI. We used a robust sandwich covariance
matr ix estimate to account for  possible intra-cluster  dependence in our  models. This was done because
877 women were recorded with more than one pregnancy in the study. Adjusted r isks are reported as
odds ratios (ORs) with 95% confidence intervals (CIs). The study was approved by the Danish Data
Protection Agency (R. no. RH-2016-202, I-Suite no: 04778) and by the Danish Patient Safety Authority for
research purposes (R. no. 3-3013-1802/1/). Ethical approval is not required for  registry-based studies in
Denmark.

Trial registration: not relevant.

RESULTSRESULTS

The questionnaire used in the Copenhagen Pregnancy Cohort was completed at a mean (± standard
deviation) gestational age of 10.2 (± 2.1) weeks. Maternal character istics are shown in Tabl e 1Tabl e 1 . Very few
women stopped the multivitamin intake once initiated (n = 121; 0.8%). Overall, 85.6% of the included women
had taken multivitamins at some point during their  pregnancy. Among women with a periconceptional
multivitamin intake, 90.7% had a planned pregnancy compared with 67.0% among women with a
postconceptional intake. Also, women with a periconceptional multivitamin intake were more likely older
and non-smokers than women with a postconceptional multivitamin intake and compared with women
without any multivitamin intake (Table 1). Among these women, the proportion of ART conceptions and
chronic diseases was higher  than in women with a postconceptional multivitamin intake and women
without any intake. Women who reported a postconceptional intake of multivitamin differed from women
without multivitamin intake by being younger  and more often nulliparous. Furthermore, their  alcohol
intake was lower, and they smoked less, they were less likely to eat a vegetar ian/vegan diet, to have
planned their  pregnancy and to have received ART. Within the cohort, the rate of preterm bir th and very
preterm bir th was 4.9% and 1.3%, respectively.
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A daily multivitamin intake any time during first tr imester  was not associated with decreased odds of
preterm bir th (OR = 1.01; 95% CI: 0.77-1.33) or  very preterm bir th (OR = 1.06; 95% CI: 0.63-1.77). This also
applied to women with a peri- or  postconceptional multivitamin intake (Table 2). When stratifying by BMI <

25 kg/m2 and ≥ 25 kg/m2, a trend towards lower  odds of preterm bir th was seen in the group of women

with a BMI ≥ 25 kg/m2 after  postconceptional multivitamin intake (OR = 0.83; 95% CI: 0.54-1.26) (Table 3). In

the group of women with a BMI < 25 kg/m2, we found no associations between multivitamin intake and
preterm bir th or  very preterm bir th.
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DI SCUSSI ONDI SCUSSI ON

Main f ind ing sMain f ind ing s

This large, prospective observational study yielded three main findings about the intake of pregnancy
multivitamins for  preterm bir th and very preterm bir th. First, we found that 85.6% of the included women
had taken multivitamins any time during pregnancy. Second, we found that women taking multivitamins
in the periconceptional period differed from women without any multivitamin intake and from women
with postconceptional intake by being more likely to have received ART, to have planned their  pregnancy,
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to be older  and to have a chronic disease. Additionally, they were less likely to dr ink and smoke. Third, we
found no associations between multivitamin intake during pregnancy and the r isk of preterm bir th or
very preterm bir th.

S tr eng ths and  l imitationsS tr eng ths and  l imitations

The data on multivitamin use were collected during the first tr imester  which lowers the r isk of recall bias.
Of note, the data on postconceptional multivitamin use were collected prospectively with no r isk of recall
bias. Another  strength is that in all cases the gestational age was based on ultrasound examination in the
first tr imester , which makes the diagnosis of preterm bir th and very preterm bir th very valid. To our
knowledge, only two studies investigating the association between pregnancy multivitamin intake and
preterm bir th have a larger  sample size, and these studies failed to adjust for  ART [17, 18]. This is
important because of the high rate of ART in Denmark, where 8% of the bir th cohort in 2016 was born
following ART [19]. Limitations include lack of ability to merge all questionnaires with the pregnancy
outcome due to missing or  incorrectly typed merging variables. Additionally, many values were missing
for  two of the co-variates (maternal educational level and maternal diet) used in the multivar iable logistic
regression analyses. However, we did not perform multiple imputation due to the possible relation to
unmeasured confounders. The exact type of pregnancy multivitamin tablets used by the women in the
cohort remains unknown, and we do not know whether  they continued taking multivitamins throughout
their  pregnancy. In addition, we do not have data on preconception multivitamin intake, and we were
unable to control for  micronutr ient deficiency prior  to pregnancy. The data on multivitamin intake were
self-reported; thus, bias due to social desirability may be present. However, 7% of the included women
originated outside Europe (Table 1), and generalisability may therefore be limited as our  cohort consisted
mainly of Caucasians from a high-income country.

Inter pr etationInter pr etation

In line with the national recommendation in Denmark, we found that 85% of the women in the
Copenhagen Pregnancy Cohort had a daily multivitamin intake during their  first tr imester . This is an
important improvement compared with a previous report on folic acid intake [20].

In line with a recent meta-analysis including eight studies from high-income countr ies showing no effect
on preterm bir th (relative r isk = 0.84; 95% CI: 0.69-1.03) [7], we found no association between multivitamin
intake during pregnancy and preterm bir th. However, our  results conflict with results from the Danish
National Bir th Cohort where regular  periconceptional multivitamin intake in women with a pre-pregnancy

BMI < 25 kg/m2 was found to be associated with a reduced r isk of preterm bir th [17]. In contrast, our

results indicated a tendency for  BMI ≥ 25 kg/m2 to be associated with a reduced r isk of preterm bir th. We
speculate that this discrepancy may be due to less smoking and a lower  alcohol consumption in the
Copenhagen Pregnancy Cohort than in The Danish National Bir th Cohort as the rate of preterm bir th and
the socio-economic status of the women was similar  in these two Danish cohorts.

Our  results conflict with results from Scholl et al. who found a decreased r isk of both preterm bir th and
very preterm bir th after  peri- and postconceptional multivitamin intake [8]. The study population of Scholl
et al. consisted of very young, mainly black women from a low-income area in the US, which is very unlike
our  study population. In addition, the rate of preterm bir th was three times higher  in the Scholl
population than in the Copenhagen Pregnancy Cohort and the number  of smokers was more than double
in the Scholl population. Lifestyle factors may possibly be seen as a proxy for  nutr itional status; and hence
the effect of multivitamin shown by Scholl et al. only applies to women with a poor  nutr itional status.
Additionally, ART was not included as a possible confounder  and the gestational age was not based solely
on early ultrasound, which makes the diagnosis of preterm bir th less accurate. In line with our  results, in
a study based on the Danish National Bir th Cohort, Catov et al. found that periconceptional multivitamin
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intake among overweight women was not associated with a decreased r isk of preterm bir th [17]. Also, in
line with our  results, they did not find postconceptional multivitamin intake to be associated with a
decreased r isk of preterm bir th in either  lean or  overweight women.

CONCLUSI ONSCONCLUSI ONS

We found a high frequency of multivitamin intake. The r isk of preterm bir th remained unchanged despite
multiple confounder  control and regardless of the period of multivitamin intake studied. Future research
should focus on the prospective evaluation of multivitamin intake in high-income countr ies, preferably
before as well as during pregnancy.
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