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Abstract
Background: Maternal obesity is associated with adverse pregnancy outcomes. Probiotic
supplementation during pregnancy may have positive effects on blood glucose, gestational weight gain
(GWG), and the risk of gestational diabetes mellitus (GDM). The primary aim was to determine the
feasibility of probiotic intervention in obese pregnant women from the early second trimester until
delivery. The secondary aim was to investigate the effect of daily probiotic supplementation on GWG,
maternal glucose homeostasis, infant birthweight, and maternal gut microbiota. We carried out a
randomized double-blinded placebo-controlled study in 50 obese pregnant women. Participants were
randomly allocated to two treatment groups, multi-strain probiotic [Vivomixx®] or placebo at 14–20
weeks of gestation until delivery. Participants were followed with two pre-delivery visits at gestational
week 27-30 and 36-37 and with one post-delivery visit 2-3 days after birth. All visits included blood and
fecal sampling. An oral glucose tolerance test was performed at inclusion and gestational week 27-30.

Results: Forty-nine participants completed the study. Thirty-eight participants took more than 80% of the
Vivomixx® capsules (n=21), placebo (n=17). There was no signi�cant difference in HbA1c levels and the
occurrence of GDM between groups. There was no signi�cant difference in GWG and infant birth weight
between groups in intention to treat analysis. There was, however, a lower mean GWG (11.9 vs 13.0 kg)
and lower mean infant birthweight (3554 vs 3658 g) in the probiotic group in the per protocol analysis,
due to sample size this difference did not reach statistical signi�cance. Fecal microbiota analyses
showed an overall increase in α-diversity over time in the Vivomixx® group only (p=0.016).

Conclusions: Administration of probiotics during pregnancy is feasible in obese women. Multi-strain
probiotic can modulate the gut microbiota in obese women during pregnancy. A larger study population is
needed to uncover whether the results regarding lower GWG and infant birth weight after probiotic
supplementation are signi�cant.

Trial registration: ClincalTrials.gov Identi�er: NCT02508844, registered on May 11, 2015.

Background
The increasing prevalence of obesity among women of child-bearing age and during pregnancy has
turned into a global public health issue. In 2017, the prevalence of obesity (body mass index (BMI) ≥30
kg/m2) in Denmark was 15% in women aged 25–34 years. Obesity in pregnant women increased by
16.4% between 2004 and 2012 [1]. Likewise, the prevalence of gestational diabetes mellitus (GDM) is
increasing in Denmark and internationally [2,3].

Accumulating evidence suggests that high pre-pregnancy BMI is associated with increased risk of
developing maternal pregnancy-related complications such as hypertensive disorders, preeclampsia,
gestational diabetes mellitus (GDM) and other adverse pregnancy outcomes [4] as well as increased risk
of macrosomia, hypoglycemia, and excessive adiposity in the neonate [5,6]. Maternal gestational weight
gain (GWG) is associated to the BMI of the offspring and to the risk of obesity in adulthood [7]. A GWG of
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maximum 5–9 kg for obese women is, therefore, recommended in Denmark according to the Institute of
Medicine (IOM) guidelines [8].

Data suggest that the composition of the gut microbiota in�uences body weight, energy homeostasis,
insulin resistance, and obesity-associated in�ammation, all of which may play a role in the
pathophysiology of obesity [9,10]. High bacterial diversity and richness is considered a de�ning factor of
a healthy microbiota [11], and a decline in this diversity has been linked to obesity [12].

Probiotics are live microorganisms that, when consumed in adequate amounts, may provide health
bene�ts to the host [13]. Probiotics consist of one or more bacterial species, often including bi�dobacteria
and lactobacilli, which, during the period of administration, can modify gut microbiota [14]. Probiotics are
of particular interest because they are hypothesized to affect body weight, food intake, appetite, and the
composition and metabolic functions of the gastrointestinal microbiota [15,16].

Most lifestyle and dietary modi�cation interventions used until now to prevent GDM and excessive GWG
during pregnancy have resulted in limited effects [17,18]. A systematic review from 2013 reported
bene�cial effects of probiotics during pregnancy on maternal outcomes including reduced frequency of
GDM, improved glycemic control, and a reduced risk of preeclampsia [19]. Most studies, however, have
only included normal-weight women.

The number of studies investigating the effect of probiotic supplementation in obese pregnant women on
the prevention of GDM and excessive GWG are limited. A randomized controlled trial (RCT) showed no
effect on either GWG, maternal fasting glucose, infant birthweight, or other metabolic variables after four
weeks of probiotic intervention [20]. A recently published RCT including overweight and obese pregnant
women showed a signi�cant effect of probiotics in reducing excessive weight gain versus placebo when
administrated from the second trimester until delivery [21]. Fasting glucose measurements were, however,
signi�cantly higher in the women receiving probiotics. GDM also occurred more frequent in the probiotic
group, but not signi�cantly. This study has no systematic records of gut microbiota monitoring during
probiotic intervention in either the obese mothers or their infants.

We hypothesized that probiotic intervention can modulate gut microbiota in obese pregnant women and
thereby limit GWG and reduce the risk of adverse maternal and neonatal outcomes. The primary aim of
this study was to investigate the feasibility of probiotic intervention in 50 obese pregnant women from
the beginning of the second trimester until delivery. Secondary aims were to investigate probiotic effects
on maternal and infant perinatal health outcomes, namely GWG, maternal glucose homeostasis (GDM
and HbA1c), and infant birthweight as well as examine the impact of probiotic intervention on maternal
gut microbiota diversity.

Results

Study population and feasibility
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Fifty of 324 eligible women were included and randomly assigned to Vivomixx® or placebo

administration (124 declined participation, 29 were participating in other research

projects, and 121 met other exclusion criteria). Of the 50 nulliparous included women, one

dropped out during pregnancy and one after delivery (Figure 1). In total, 49 participants

(25 Vivomixx® and 24 placebo) were included in ITT analyses and 37 (20 Vivomixx® and

17 placebo) were included in PP analyses. No significant differences between Vivomixx®

and placebo participants were found regarding baseline characteristics (Table 1).

 

Table 1. Baseline characteristics for Vivomixx® and placebo participants

 

 

Vivomixx® (n=25) Placebo (n=25) p-value

Pre-pregnancy BMI kg/m2, mean (SD) 31.7 (1.8) 32.1 (1.3) 0.32

Age in years, mean (SD) 30.7 (4.5) 30.7 (4.7) 0.99

Gestational age at baseline in weeks (mean (SD) 15.5 (1.5) 15.1 (1.4) 0.36

High risk disposition to GDM*, n (%) 7 (28) 11 (44) 0.38

No. of women reporting smoking during pregnancy 0 1 NA

No. of women reporting smoking at conception 4 2 NA

BMI = body mass index, GDM = gestational diabetes mellitus, SD = standard deviation. * family history of diabetes,

polycystic ovary syndrome or glycosuria.

 

Both the probiotic and placebo capsules were widely accepted by the participants. Thirty-

eight participants had a capsule intake > 80% (21 Vivomixx® and 17 placebo). Two

participants from the placebo group reported that capsules were difficult to swallow and

stopped taking them. Both continued in the study. No other side effects were reported.
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Infant and pregnancy outcomes

GWG at gestational week 36-37 was comparable in the two treatment groups, (p=0.82)

(Table 2, Figure 2).

 

Table 2. Total GWG, intervention period weight gain, and birth weight of infants born to term by women in the
Vivomixx® and placebo group

  ITT PP
  Vivomixx® Placebo p-

value
Vivomixx® Placebo p-

value
Total GWG, kg (weight in
week 36-37 minus
prepregnancy weight), mean
(SD)

12.7 (5.3) 13.1
(5.8)

0.82 11.9 (4.9) 13.0
(4.2)

0.46

Intervention period weight
gain, kg (weight in week 36-
37 minus weight in week 16-
20), mean (SD)

10.2 (3.4) 10.0
(4.2)

0.87 9.9 (3.4) 10.8
(3.4)

0.44
 

Infant birth weight of term-
born infants (g), mean (SD)

3608 (475) 3640
(454)

0.82 3554 (487) 3658
(428)

0.52

GWG = gestational weight gain, SD = standard deviation

 

Four (16%) women in the Vivomixx® group and two (8%) in the placebo group were

diagnosed with GDM (IADPSG criteria) in gestational week 27-30 when analyzed in an ITT

analysis (Table 3).

 

Table 3. Glucose values (mmol/L) in fasting state, and 60 and 120 minutes into OGTT at week 14-20 and at
week 27-30 in the Vivomixx® and placebo group. Furthermore, the number of women with a diagnosis of GDM
(IADPSG criteria) as well as AUC values for OGTT in the Vivomixx® and placebo group are given.
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  Vivomixx®
(n=25)

Placebo
(n=25)

  Vivomixx®
(n=25)

Placebo
(n=24)

 

OGTT glucose values
mmol/L,
median (IQR)

Week (14-20) Week (14-20) p-
value

Week 27-30
 

Week 27-30
 

p-
value

0 4.3 (4.1:4.6) 4.4 (4.1:4.6) 0.54 4.3 (3.9:4.9) 4.3 (4.0:4.5) 0.85
60 6.9 (6.2:8.0) 6.8 (6.3:8.4) 0.63 7.3 (6.5:8.4) 7.3 (6.8:8.7) 0.32
120 6.2 (5.4:6.8) 5.9 (5.4:6.9) 0.41 6.3 (5.9:7.1) 6.0 (5.3:6.9) 0.41
GDM diagnosis, n (%) 2 (8%) 2 (8%) 1.00 4 (16%) 2 (8%) 0.67
OGTT AUC values,
mean (IQR)

732.4
(662.2:810.8)

723.0
(661.5:820.3)

0.83 752.7
(674.3:834.5)

743.24
(690.5:855.4)

0.59

AUC=area under the curve, GDM= gestational diabetes mellitus, OGTT= oral glucose tolerance test, SD= standard deviation. All values are

derived from an ITT analysis.

 

In a PP analysis, the corresponding numbers were four (19 %) and one (5.9 %). The

difference in OGTT values when examining the change in area under the curve (AUC) at

baseline and gestational week 27-30 was not significantly different in the two groups;

Vivomixx®: 39.19 (-100.00:127.03) vs. placebo 35.14 (-110.81:186.49), (p=0.693) (Table

3). HbA1c measurements during the intervention period were not significantly different

between the two treatment groups, (p=0.90) (data not shown). A GWG within the

recommended interval of 5-9 kg was achieved in only 6 out of 46 women (13%). GWG

exceeded the IOM guidelines in 38 of 46 women (83%) (Table 4).

 

Table 4. Other pregnancy outcomes in the Vivomixx® and placebo group
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  Vivomixx® (n=25) Placebo (n=24)
GWG <5 kg, n 2 1
GWG  5-9 kg, n 2 4
GWG >9 kg, n 19 19
Hypertension, n 6 5
Preeclampsia, n 3 3
Induction of labor, n 14 12
Cesarean section, n 11 5
Gestational age at birth, days (weeks) 274 (39.2) 280 (39.9)
Preterm delivery, n    

-          Gestational age 28-34, weeks 1 0
-          Gestational age 34-37, weeks 3 0

Birth weight (g) all infants, mean (SD) 3414 (676) 3640 (454)
Birth weight (g) PP infants, mean (SD) 3320 (703) 3658 (428)
>4 kg at term, n 4 7
Small for gestational age (SGA), n 1 0
Large for gestational age (LGA), n 1 4
Male gender, n 13 13
Antibiotics during pregnancy, n 6 5
Antibiotics at birth*, n 7 12

GWG= gestational weight gain; IOM= Institute of Medicine; PP= per-protocol; SD= standard deviation. * antibiotic

treatment at birth was given in cases of premature rupture of the membranes >18 hours in accordance with Danish

guidelines.

 

The birth weight of term-born infants was comparable in the two treatment groups, (p=0.82)

in the ITT analysis. In the PP analysis mean (SD) birth weight of term-born infants were 3554

(487) vs 3658 (428) in the Vivomixx and placebo groups, (p=0.52). (Table 2). Four infants

were born prematurely, all from mothers in the probiotic group (Table 4). Other pregnancy

outcomes are shown in Table 4.

Microbiota results

α-diversity analysis of fecal specimens, showed an increasing diversity in the Vivomixx®

group, with a significant difference between the baseline and after birth samples obtained,

(p=0.016) (Figure 4). No statistically significant differences were observed between any

sample times in the placebo group. Bi�dobacteria, lactobacilli, and S. salivarius were only found in a

fraction of the samples from Vivomixx® treated women, but their relative abundance increased during

the intervention period. In samples from Vivomixx® treated women the relative abundance of
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Bi�dobacterium was signi�cantly lower in the baseline sample obtained compared to the gestational

week 27-30 (p=0.021), gestational week 36-37 (p=0.015) and after birth (p=0.020) samples. Relative

abundance of Lactobacillus was lower in baseline samples compared to gestational week 36-37 and

after birth samples (p=0.03 and p=0.02), and the relative abundance of S. salivarius was found to be

signi�cantly higher in the gestational week 36-37 sample compared to baseline and gestational week 27-

30 samples (p=0.0045 and p=0.015). Although Bi�dobacterium does nominally increase over time in the

placebo group there was no signi�cant difference between sample times in the placebo group for either

Bi�dobacterium, Lactobacillus or S. salivarius.

Samples grouped by cohort and sample times are di�cult to distinguish from a simple PCoA plot,

however,  an analysis of similarities did reveal that Bray-Curtis dissimilarity between baseline samples

and samples from gestational week 27-30, gestational week 36-37, and after birth were greater in the

Vivomixx® group than in the placebo group (p=3.72e-6, p=1.26e-4 and p=0.0014 respectively) (Figure 5).

Discussion
In this randomized double-blinded placebo-controlled study we examined the use of the probiotic
supplement Vivomixx® in 50 obese pregnant women. To the best of our knowledge, this study is the �rst
to evaluate the effect of daily multispecies probiotic supplementation on pregnancy outcomes and gut
microbiota in pregnant obese women with a long intervention period from gestational week 14–20 until
delivery. Forty-nine participants completed the study until delivery, indicating that the study design and
intervention is appropriate for further testing. We have shown that Vivomixx® is safe and well tolerated in
pregnant women. Dropouts were not due to the capsule intervention. Only two participants in the placebo
group stopped taking the capsules due to discomfort when swallowing them. This problem may be
solved by using the powdered version of the product, which is also available on the market.

The dietary supplement in this study, Vivomixx®, was chosen for the bene�cial effects reported in earlier
studies. Vivomixx® consists of eight strains of freeze-dried probiotic bacteria (previously named VSL#3)
and has shown promising results in human trials. A study in 60 overweight (BMI > 25) but otherwise
healthy adults showed improved insulin sensitivity (p<0.01), decreased CRP, (p<0.05), and a favorable
effect on the gut microbiota after 6 weeks treatment [22]. A randomized study in 48 obese children with
nonalcoholic steatohepatitis reported a signi�cantly reduced BMI and an increased GLP–1 secretion after
4 months of treatment compared to placebo (p<0.001) [23]. A small interventional study in pregnant
women reported that VSL#3 administrated during the last trimester of pregnancy was associated with
modulation of the vaginal microbiota and cytokine secretion [24].
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Our data on gut microbiota showed a slight increase in α-diversity during the intervention period in the
Vivomixx® group. This was not seen when in the placebo group. Likewise, an increased abundance of
lactobacilli, bi�dobacterial and Streptococcus salivarius was found in samples from the Vivomixx®
group during the intervention period, indicating successful administration. The same was not seen in
samples from the placebo group. Equally, principal coordinate analysis indicated that Vivomixx® did
result in differences compared to the placebo group.

A PP analysis did show a lower GWG within the intervention period in the probiotic group compared to the
placebo group, this difference did, however, not reach statistical signi�cance presumably due to sample
size. Callaway et al. did likewise, and in support of our data, show that probiotic intervention had a
positive effect on excessive weight gain during pregnancy, where excessive weight gain was seen in
32.5% (55/169) of probiotic treated women versus 46.0% (81/176) of placebo treated women, (p = 0.01)
[21]. An effect of probiotics on body weight has also been described in non-pregnant overweight and
obese women [25,26]. In a recent RCT, 6 months of treatment with L. rhamnosus CGMCC1.3724 (LPR)
resulted in signi�cant weight loss and reductions in fat mass and circulating leptin concentrations in
obese women [25]. In a RCT in 87 adults with a BMI of 24–31, 12 weeks’ intake of probiotic milk (L.
gasseri SBT2055 (LG2055)) showed signi�cant effect on weight loss (p<0.001), with signi�cant
reductions in abdominal, visceral, and subcutaneous fat depots compared to placebo treatment (p<0.01)
[26].

Hypotheses about the effects of probiotics in preventing GDM are several, including modulation of
glucose tolerance through balancing gut microbiota, normalizing increased intestinal permeability, and
lowering systemic and local low-grade in�ammation [27]. We found no effect of Vivomixx® on the
glucose tolerance of obese women during pregnancy.

The �rst RCT assessing the e�cacy of a probiotic and dietary intervention in reducing the risk of GDM in
normal-weight and overweight pregnant women, conducted by Louto et al.,, showed a signi�cantly
reduced rate of GDM (13%) in women receiving both dietary counselling and probiotics (L. rhamnosus GG
(ATCC 53103) and B. lactis (BB–12)), (p = 0.003) [28]. Dietary counselling alone had no effect on the rate
of GDM (36%) compared to no intervention (34%). Other studies have shown inconclusive results.
Lindsay et al. conducted a RCT probiotic intervention in 138 obese pregnant women with con�icting
results - no difference in the incidence of GDM was found between the probiotic (L. salivarius UCC118)
and placebo group [20]. They reported no effect on either the metabolic pro�le or pregnancy outcomes of
their participants. Treatment was, however, only given for 4 weeks [20]. In the study by Callaway et al.
reporting a reduction in GWG after probiotic treatment, no probiotic effect was shown on GDM, which
occurred in 18.4% (38/207) of probiotic treated women versus 12.3% (25/204) of placebo treated women,
(p = 0.10) [21]. Other probiotic interventions including pregnant women diagnosed with GDM are also
inconclusive [29,30]. Two RCTs including healthy pregnant women have shown that probiotic intervention
could maintain serum insulin levels [31] and had signi�cant bene�cial effects on markers of insulin
metabolism [32].



Page 11/25

Comparisons between studies is challenging. All the aforementioned studies were conducted with varying
probiotic products containing different species and strains. The use of single- versus multi-strain
probiotic products can also be discussed. Multi-strain probiotics have been suggested to have improved
functionality over single-strain cultures. A newly published study by Forssten et al. reported that
probiotics do not have an antagonistic effect on each other’s survival when used in a multi-strain product
compared to a single-strain product in a simulated colonic environment [33]. In addition, the duration and
time of the probiotic intervention during pregnancy varies widely among the studies. Presumably, a longer
intervention period would increase the bene�cial effects on gut microbiota and metabolism. Furthermore,
the effectiveness of probiotic supplements might differ based on the background microbiota
compositions of the participants. In addition, studies on the gut microbiota in pregnant women have
shown that pregnancy in itself in�uences the gut microbiota composition, which changes from the �rst to
the third trimester in parallel with weight gain [34,35]. Finally, the reviewed studies were conducted in
widely different countries, all with different disease prevalence of e.g. GDM.

The strengths of this study lie in its design (double-blind placebo-controlled study) and the high
concentration multi-strain probiotic formulation chosen (8 strains, 450 billion CFU per day). Furthermore,
the same clinical staff took care of all study visits and participants during the entirety of the study. This
ensured continuity, minimized drop-out, and eliminated inter-observer variations in the handling of
measurements. A limitation of the study is the low number of study participants, where our sample size
was, unfortunately, too small to detect any signi�cant differences in clinical outcomes.

Conclusion
In this randomized double-blinded placebo-controlled study, we found that intervention with this speci�c
probiotic formulation from gestational week 14–20 until delivery is feasible in obese pregnant women.

A lower mean GWG during pregnancy and lower mean infant birth weight was found in the probiotic
group in the per protocol analysis. No signi�cant difference was seen in the occurrence of GDM or HbA1c
measurements between the two groups.

Multi-strain probiotic can modulate the gut microbiota in obese women during pregnancy. Microbiota
pro�ling showed a slight increase in α-diversity in women in the Vivomixx® group during the intervention
period. Also, an increased abundance of lactobacilli, bi�dobacterial and Streptococcus salivarius in a
fraction of samples from the Vivomixx® group was found, which indicate successful administration.
Likewise, -analysis indicated differences between the Vivomixx® and placebo groups, with some changes
in the composition during the intervention period in the Vivomixx® group. These �ndings need to be
con�rmed in a larger RCT.

A larger study population is needed to uncover whether the results regarding lower GWG and infant birth
weight after probiotic supplementation becomes signi�cant.



Page 12/25

Methods

Participants
A randomized controlled study was carried out at Copenhagen University Hospital Hvidovre, Denmark,
from February 2015 to January 2018 and included 50 obese pregnant women randomized 1:1 to receive
capsules containing Vivomixx® (Visbiome® in North America, DeSimone Formulation® in Asia) or placebo
from gestational week 14–20 until delivery. The women and their newborns were followed until nine
months after delivery. Participants were identi�ed in connection with the initial nuchal translucency
ultrasound scan performed in gestational week 12–14. The study protocol is published in detail
elsewhere [36].

The inclusion criteria were as follows: nulliparous singleton pregnant women with BMI ≥30 and <35
kg/m2 older than 18 years of age; normal nuchal translucency ultrasound scan at gestational age 12–14
weeks; able to read and speak Danish; a successful oral glucose tolerance test (OGTT) at gestational
week 14–20.

The exclusion criteria were as follows: gestational age older than 20 weeks at inclusion; pre-gestational
diabetes or other serious diseases; multiple pregnancy; previous bariatric surgery; intake of probiotics
within the last month before inclusion; ingestion of probiotics during the study intervention period other
than the study provided probiotics; alcohol or drug abuse.

Study design
Participants were included at gestational week 14–20 (baseline) and were followed with clinical visits at
gestational week 27–30, gestational week 36–37 and with the newborn 18–72 hours after birth. Fasting
blood samples and fecal samples were obtained at each visit and an OGTT was performed at inclusion
and at gestational week 27–30.

Randomization

Participants were randomized 1:1 to receive Vivomixx® capsules or placebo capsules and included by
consecutive numbers. Randomization was done in blocks of four. Both Vivomixx® capsules and placebo
capsules were identical in appearance and packaging. Investigators, participants, and outcome assessors
were blinded to the allocation and intervention. The randomization key was revealed to the researchers
only when all participants had completed the 9-month follow-up and data analysis was complete.

Study treatment



Page 13/25

Participants received two capsules of the probiotic mixture Vivomixx® or placebo twice daily. Vivomixx®
contains the following strains: Streptococcus thermophilus DSM 24731, bi�dobacteria (Bi�dobacterium
breve DSM 24732, Bi�dobacterium longum DSM 24736, Bi�dobacterium infantis DSM 24737) and
lactobacilli (Lactobacillus acidophilus DSM 24735, Lactobacillus plantarum DSM 24730, Lactobacillus
paracasei DSM 24733, Lactobacillus delbrueckii subsp. bulgaricus DSM 24734), and is formulated in
vegetable capsules containing 112 billion lyophilized bacteria.

Pregnancy outcomes
GWG was de�ned as body weight at gestational week 36–37 minus self-reported pre-pregnancy body
weight. Participants were weighed using the same scale at every study visit, wearing light clothes and no
shoes.

A two-hour three-time-point 75g OGTT was carried out in gestational week 14–20 (baseline) and in
gestational week 27–30. Diagnosis of GDM was de�ned according to the International Association of
Diabetes in Pregnancy Study Group (IADPSG) criteria [37]; the diagnosis was established if one or more
glucose values were above the following values: 0-value ≥ 5.1 mmol/L; 60 min-value ≥ 10.0 mmol/L;
120 min-value ≥ 8.5 mmol/L. GDM in Danish routine pregnancy care was diagnosed using the Danish
national guidelines (DSOG guidelines). According to these guidelines, GDM is diagnosed if the 2-hour
standard OGTT capillary blood glucose is 9 mmol/L or greater. Participants diagnosed with GDM
according to Danish guidelines continued their care in the multidisciplinary diabetic clinic but were not
excluded from the study.

Data on pregnancy-related complications and mode of delivery were extracted from hospital �les and
validated using the DSOG guidelines; preeclampsia was diagnosed if participants had proteinuria
(dipstick, greater than 1+ protein) and persistently elevated blood pressure greater than 140/90 mmHg on
more than one occasion. Gestational hypertension was diagnosed using the same criteria but without
proteinuria.

Neonatal outcomes
Neonatal outcomes included gestational age, birth weight, and birth length and were obtained from
hospital records. Infants with a gestational age less than 38 weeks were excluded from analyses
involving anthropological measurements. A term-born neonate was considered large for gestational age
(LGA) when weighing over 4000g and small for gestational age (SGA) when weighing under 2500g
[38,39].

Microbiota diversity analysis



Page 14/25

Microbiota diversity analysis relied on sequencing of ribosomal small subunit (SSU rRNA) genes. Puri�ed
genomic DNA was submitted to PCR using four different primer sets, targeting prokaryotes (one primer
pair) and eukaryotes (three primer pairs). For prokaryotes, a modi�ed version of the published universal
prokaryotic primers 341F/806R [40] were used, while three different in-house primers (G3F1/G3R1,
G4F3/G4R3, and G6F1/G6R1) were used to amplify eukaryotic DNA [41,42]. Resulting PCR products were
quanti�ed using the Quant-ITTM dsDNA High Sensitive Assay Kit (Thermo Fisher Scienti�c) and pooled in
equimolar amounts (PAL: Pooled Amplicon Library). Agencourt AMPure XP Beads (Beckman Coulter)
were used to remove DNA fragments shorter than 300 bp and those longer than 1,000 bp, and the puri�ed
DNA was sequenced on the Illumina MiSeq system in a 2 x 250 bp setup (Illumina Inc., San Diego, CA
29122, USA). A maximum of 64 samples were sequenced in a single sequencing run [41,42].

The sequence output was taxonomically mapped using BION, a newly developed k-mer-based mapping
software. A k-mer length of eight was used, with a step size of four. Query sequences originating from
prokaryotes were compared with the 340–807 bp region (rRNA gene positions from Escherichia coli) in
RDP 11.04 [43], and eukaryotic query sequences were compared against the same region in SILVA version
123 [44] with an in-house-improved taxonomy for eukaryotes.

Statistical methods
All statistical analyses were performed in R 3.2.3 [45]. Continuous variables are represented as mean
values and standard deviations. Non-normally distributed variables are represented as median values and
interquartile ranges. Continuous variables were compared using t tests or, for non-normally distributed
data, the Wilcoxon sum rank test. Categorical variables were presented as frequencies and compared
using the chi-squared test or Fisher’s exact test. A p-value of <0.05 was considered statistically
signi�cant. Statistical analysis of microbiota was performed with the phyloseq and vegan packages,
using ggplot2 and plotly for data visualization. Comparisons of α-diversity and relative abundance of
speci�c OTUs across sample times and between cohorts were done using Mann-Whitney U tests.
Analysis of similarities were performed based on Bray-Curtis dissimilarity between samples.

Both intention-to-treat (ITT) and per-protocol (PP) analyses were performed. ITT analyses included all
study participants. PP analyses included all participants with a compliance of more than 80% capsule
intake and excluded all participants diagnosed with GDM according to Danish national guidelines, these
were excluded to avoid possible bias related to the additional consultations with health care
professionals, including dietician counseling, offered to these participants.
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BMI: Body mass index; GDM: Gestational diabetes mellitus; GWG: Gestational weight gain; HbA1c:
glycated hemoglobin; IADPSG: International Association of Diabetes in Pregnancy Study Group; IOM:
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test; PP: Per-protocol; RCT: Randomized controlled trial; SGA: Small for gestational age
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Figure 1

CONSORT Flow Diagram. Flow diagram of inclusion and study visits for participants randomized to
Vivomixx® and placebo group. Forty-nine participants completed the study until delivery. Participants
with missed visits due to preterm delivery or discontinued capsule intervention where not excluded from
following study visits
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Figure 2

Gestational weight gain (GWG) in Vivomixx® and placebo group.
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Figure 3

Change in α-diversity over time in the Vivomixx® and placebo group. Blue= baseline sample, gestational
week 14-20; green= gestational week 27-30; red= gestational week 36-37; orange= 2-3 days after birth
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Figure 4

Relative abundance of Bi�dobacterium, Lactobacilli and Streptococcus salivarius (y-axis) in the
Vivomixx® and placebo group. X-axis: bluer= Vivomixx®/placebo baseline, gestational week 14-20;
green= Vivomixx®/placebo gestational week 27-30; red= Vivomixx®/placebo gestational week 36-37;
blue= Vivomixx®/placebo 2-3 days after birth
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Figure 5

Principal coordinate analysis on the prokaryotic microbiome in the Vivomixx® and placebo group during
the study. Blue= baseline, gestational week 14-20; green= gestational week 27-30; red= gestational week
36-37; orange= 2-3 days after birth


