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Background Probiotics are non-invasive therapies composed of live bacteria and
yeast. Administration of prebiotics improved the health status of pregnant and lac-
tating women, as well as newborns. This review aimed to appraise the evidence
concerning the effectiveness of probiotics on the mental health of pregnant wom-
en, lactating mother and the microbiota of the newborn.

Methods This systematic review and meta-analysis ascertained quantitative stud-
ies published in Medline (PubMed), Clinical Key, EMBASE, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), the Cochrane Library, and Google
scholar. Two authors independently screened and extracted the data from the pri-
mary studies that analysed the efficacy of probiotics on the mental health of preg-
nant and lactating women and the microbiota of the newborn. We adopted Co-
chrane Collaboration guidelines and reported using the Preferred Reporting Items
for Systematic review and Meta-Analysis (PRISMA) statement. The qualities of in-
cluded trials were assessed by Cochrane collaboration’s risk of bias tool (ROB-2).

Results Sixteen trials comprised 946 pregnant women, 524 were lactating moth-
ers, and 1678 were infants. The sample size of primary studies ranged from 36
to 433. Probiotics were administered as interventions, using either a single strain
of Bifidobacterium or Lactobacillus or a double-strain combination of Lactoba-
cillus and Bifidobacterium. Probiotics supplementation reduced anxiety in preg-
nant (n=676, standardised mean difference (SMD)=0.01; 95% confidence interval
(C1)=-0.28,0.30, P=0.04, ’=70) and lactating women (n=514, SMD=-0.17; 95%
CI=-1.62,1.27, P=0.98, I’=0). Similarly, probiotics decreased depression in preg-
nant (n=298, SMD=0.05; 95% CI=-0.24,0.35, P=0.20, ’=40) and lactating wom-
en (n=518, SMD=-0.10; 95% CI=-1.29,-1.05, P=0.11, ’=60%). Similarly, probi-
otics supplementation improved the gut microbiota and reduced the duration of
crying, abdominal distension, abdominal colic and diarrhoea.

Conclusion Non-invasive probiotic therapies are more useful to pregnant and lac-
tating women and newborns.

Registration The review protocol was registered with PROSPERO (CRD
.. 42022372126).

The human digestive system or gastrointestinal tract consists of the mouth, oesophagus,
stomach, small intestine, large intestine, and anus. The food is broken down in a series
of steps with the help of digestive juices in the digestive system. As a result, the diges-
tive system is a vital organ that breaks down food into small pieces and yields energy.
The gut microbiota, or microbiome, is present in healthy people that improve gastro-
intestinal functions. While gut microbes assist in food absorption and digestion [1,2].
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Probiotics consist of live bacteria and yeast that offer a range of health benefits. Probiotics enhance the gut
microbiota and immunity and reduce inflammation and allergic reactions [3]. The gut microbiota is closely
related to the central nervous system. Probiotics not only restore normal functions of the digestive system,
but they also strengthen functions of other organs such as the nervous system, pituitary function and en-
docrine system [4].

The prevalence of anxiety, depression, and psychological upset is common in pregnant, perinatal, and post-
natal women. However, mental health is the major contributing factor to low birth weight and preterm deliv-
ery. Therefore, balancing diet and a safe environment is important for pregnant and lactating women [5-7].

Antenatal nutrition and gestational age are important factors for establishing infant microbiota. In addi-
tion, several contributing factors altered the infant gut microbiota, such as preterm delivery, supplemen-
tary feeding use of drugs and dietary pattern [8-13]. Probiotic supplementation is a non-pharmacological,
non-invasive treatment that benefits both nursing mothers and newborns. Results from an earlier study
showed that probiotic supplements significantly reduced infant’s regurgitation, duration of cry and abdom-
inal colic [14-16].

However, only a few systematic reviews and meta-analyses were conducted to evaluate probiotics’ effect on
depression symptoms in adults [17,18], prenatal women [19] and perinatal and postnatal mothers. In ad-
dition, pooled the data from previous reviews unclear and retrieved from both randomized control trials
(RCTs) and quasi-experimental studies. Therefore, this systematic review and meta-analysis aimed to eval-
uate the effectiveness of probiotics on mental health and microbiota of newborns.

METHODS

The review has adopted Cochrane guidelines and reported using the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) [20]. The protocol has been registered with PROSPERO
CRD42022372126.

A comprehensive search was conducted using a combination of MeSH terms or keywords connected to the
PICO format. The search strategy was carried out using the following keywords: Antenatal women, pari-
ty, gravid, pregnant women, perinatal women, intra-natal, postnatal women, lactation mother, breastfeed-
ing mother, neonates, newborn, infants, Lactobacillus acidophilus, probiotics, probiotic supplementation,
microbiota, depression, mental health, anxiety, and afraid. Two authors (KH, AS) independently searched
the online databases, namely MEDLINE (PubMed), Cumulative Index to Nursing and Allied Health Liter-
ature (CINAHL), EMBASE, Web of Science, SCOPUS, and Clinical Key, for RCTs published in the English
language from January 2012 to October 2022. The included articles were screened, and duplicate articles
were excluded based on review criteria. The reference tracking of relevant articles was manually searched
for additional studies.

During the first stage of the search, a total of 18300
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in the primary outcome. The flow diagram of the
Figure 1. Flow diagram of study selection. study selection process is depicted in Figure 1.
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Figure 2. Risk of bias (ROB-2). ported by the author(s).

Statistics analysis

The meta-analysis was performed to examine the effects of probiotic supplementation among pregnant
women, lactating mothers, and newborns. Anxiety, depression, and neonatal microbiota were the prima-
ry outcomes of the included studies evaluated between the probiotic and placebo groups. The effects of the
probiotic intervention were calculated using a random-effects model to compute weighted and standardized
mean differences with confidence intervals (CIs) of 95%. The heterogeneity of the included trials was anal-
ysed and classified as mild >50%, moderate 50%-75%, and high >75% using the I* value.

RESULTS

The pooled data of primary studies summarized under the following headings: authors name, year of pub-
lication, study design, sample size, type of intervention, and major findings (Table 1).

Systematic review

This systematic review and meta-analysis comprise 946 pregnant women [22-25], 524 lactating mothers
[26-28], and 1678 newborns [29-38]. Sample size of primary studies ranged from 36 [34] to 433 [24]. All
original trials adopted double-blinding [22,23,25-27,29-36] except two studies [37,38], reported worldwide,
namely New Zealand [22,24,29,30], Finland [25,27], Thailand [31,32], Philippian [33], the Netherlands [23],
Italy [26], Istanbul [34]], South Africa [35], Germany [36], USA [37]] and Poland [38].

Probiotics administered in pregnant and lactating women

Four trials (n=946) assessed the effectiveness of probiotics on anxiety and depression among pregnant
women [22,23,25] and lactating mother [24]. Probiotics were administered in the first trimester [25], second
trimester [22,24], and third trimester [23]. Probiotics were administered to intervention groups composed
of L. thamnosus HNOOL [24], L. thamnosus HNOOL and B. animalis ssp. lactis 420 [25], bifidum W23, B.
lactis W51, B. lactis W52, Lactobacillus acidophi- lus W37, L. brevis W63, L. casei W56, salivarius W24,
L. lactis W19 and L. lactis W58 [23] and L. GG and B. lactis BB12 [22]. Supplementation of probiotics de-
creased the anxiety and depression in pregnant and lactating women [24]. Also, it reduced mild depression
[25] and improved cognitive functions in pregnant women [23] (Table 1).

Probiotics administered in lactating mother and newborn

Three studies (n=524) assessed the effectiveness of probiotics among lactating women and their newborns
[26,27,34]. The following probiotics combinations used as interventions such as 9X 10" of VSL, L. acidophi-
lus, L. plantarum, L. paracase, L. debrueckii and bulgaricus B. infantis & S. thermophilus [26] 5X10° L.GG,
5X10° CFU L. rthanmosus LC705, 2x 10® CFU P freudenreidii ssp, shermani JS [27] and 5x 10° actiregulari
[34]. Compared to the control group intervention group increases lactobacilli and bifidobacteria in colos-
trum and mature breast milk [26] improves gut microbiota [27] and reduces the duration of cry [34] (Table
1). Probiotics lower the risk of anxiety and depression in pregnant and lactating women.
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Probiotics supplementation in newborns

The remaining nine trials contain full-term, healthy newborns with normal birth weight (n=1678) and as-
sess the probiotic therapy on neonatal microbiota [23,29-33,35-38]. Three of the nine trials reported new-
borns delivered via caesarean section (C-section) [29,32,38], while the other six trials reported both C-sec-
tion and vaginal deliveries [30,31,33,35-37] (Table 1). Probiotics boost the gut microbiota of newborns.

The intervention group received probiotic supplementation in addition to regular breastfeeding for six
months. The probiotics are composed of B. bifidum BF3, B. breve BR3, B. longum BG7, B. longu [29], L.
rhamnosus and B. breve [30,32,36,38], Bovin milk derived [35], oligosaccharides [33], B. longum [37] sub.
calculated based on an infant’s weights. The intervention group had higher percentages B. lactis [29], the
early development of gut microbiota [30,33,35] or gut emulation [31], decreased endotoxin levels [37] or
lower stool Ph and high amounts of L-lactate and acetate [32,38].

Probiotics strain, dosages

For pregnant women, the single probiotic strain used was Lactobacillus [24], and the combined strain was
Lactobacillus and Bifidobacterium [22,23,25]. Probiotics provided were based on species namely Bifidobac-
terium animalis [22,25]. Probiotics provided were based on species namely Bifidobacterium animalis, [23]
or based on genus lactobacillus stated different species Lactobacillus L. thamnosus [22,24,25] and L. brevis
[23]. Probiotic, dosages were expressed in colony forming unit (CFU) per millilitre [30-32], CFU per kilo-
gram [29,35,36] and CFU per day [22,24-27,37,38] (Table 1).

For newborn probiotics, a single strain of the Bifidobacterium [29,37], Lactobacillus [30], or a combination
of Lactobacillus and Bifidobacterium [26,27,36,38]. Similarly, probiotics interventions were based on spe-
cies, namely Bifidobacterium breve [26,27,32,36,38] Bifidobacterium longum [26,36,37] B. animalis. Based
on genus lactobacillus using different species Lactobacillus namely L. acidophilus, L. delbrueckii subsp, L.
plantarum, L. reuteri [26,27,36,38] (Table 1).

Meta-analysis

Only four primary studies reported numerical data on mental health among pregnant and lactating wom-
en. Therefore, we selected these trials for the meta-analysis.

Effect of probiotics on anxiety among pregnant and lactating women

Three studies reported the effect of probiotics supplementation on anxiety among pregnant women (n=676,
SMD=0.01; 95% confidence interval (CI=-0.28,0.30, P=0.04, I*=70) [22,24,25]. Similarly, two studies
reported on probiotic usage among lactating women (n=514, SMD=-0.17; 95% CI=-1.62,1.27, P=0.00,
*=98%) [24,25] (Figure 3).

Prebiotic Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 Antetnatal
Dawe, 2020 718 38 76 G676 465 08 198% 0.10F0.21,0.400 <=
Hulkkonen, 2022 482 433 B4 383 392 BT 185% 0.24 [0.11, 0.58] T
Slykerman 2017 77 64 194 9 B 187 207%  -0.23[043,-0.03 )
Subtotal (95% CI) 334 342 60.0% 0.01 [-0.28, 0.30] O

Heterogeneity: Tau®= 0.05: Chi*=6.56, df= 2 (F=0.04); F=70%
Test for overall effect Z=0.07 (P = 0.94)

1.1.2 Postnatal

Hulkkanen 2022 466 54 B4 215 3 B4 104% 057 [0.22,0.92) ——
Slykerran, 2017 77 64 184 12 4 192 206%  -080[1.11,-0.69) -

Subtotal {95% CI) 258 256 40.0%  -047[1.62,1.27] == TTE=—

Heterogeneity Tau®=1.06; Chi®=49.38, df=1 (P = 0.00001); F=98%
Testfor overall effiect Z=0.23 (P=0.81)

Total (95% Cl) 592 598 100.0% -0.06 [-0.56, 0.45] ?
Heterogeneity: Taw®= 0.31; Chi*=70.69, df=4 (P = 0.00001); F=94% 52 51 b 11 5
Testfor overall effect Z=0.22 (P = 0.83) Probiotocs group Placebo group
Test for subaroup differences: Chi#= 0.08, df=1(P=081), F=0%

Figure 3. Effect of probiotics on anxiety.
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Effect of probiotics on depression among pregnant and lactating women

Two studies the impact of probiotic supplements on pregnant women’s depression (n=298, SMD=0.05; 95%
CI=-0.24,0.35, P=0.20, [*=40). Similarly, two studies documented among breastfeeding mothers (n=518,
SMD=-0.10; 95% CI=-1.29,-1.05, P=0.11, *'=60%) [22,25]. However, subgroup analysis was not found to
be significant between experimental and control groups (Figure 4).

Probiotics Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI [V, Random, 95% CI
2.1.1 Antenatal
Dawe, 2020 38102 7H 328 103 88 233% -0.08 F0.39,0.22) L
Hulkkonen, 2022 312 31 BT 238 33 67 205% 0211013, 055 -t
Subtotal {95% Cl) 143 155 43.8% 0.05[-0.24, 0.35] = T

Heterageneity Tau®= (.02, Chi*=1.67 df=1(P=0.20) F=40%
Testfor overall effect Z= 036 (P=072)

2.1.2 Postnatal

Hulkkonen, 2022 215 3 67 288 574 BT 206% 018 F0.52, 0.16] ——
Slykerman, 2017 12 4 182 13 43 192 356%  -0.24[-044,-0.04) —i—
Subtotal {95% Cl) 259 259 56.2%  -0.22[-0.40,-0.08] =

Heterogeneity. Taw?= 0.00; Chi*= 010, df=1 (P = 0.78), F=0%
Testfor overall effect Z= 2.54 (F=0.01)

Total (95% CI) 402 414 100.0% -0.10[-0.29,0.09]

Heterogeneity, Tau?= 0.02; Chif= 524, df = 3 (P= 0.15); F = 43% ._1 [1 : ) & ]
Testfor overall effect 2= 1.01 (P=0.31) Bulide Pacls

Testfor suboroup differences: Chi*= 254, df=1 (P = 0.11), F= 60.6%

Figure 4. Effect of probiotics on depression.

DISCUSSION

This systematic review and meta-analysis evaluated the efficiency of probiotic supplementations for preg-
nant and lactating women and infant’s microbiota. Supplementation of probiotics in pregnant women has
improved mental health [19,39]. There is strong evidence that probiotics benefit the gut and nervous sys-
tems, known as the “gut-brain axis” [40,41]. The role of probiotics in alleviating mood and cognition prob-
lems is still controversial. Several pieces of evidence support the claim that probiotics benefit both gut and
brain health. In addition, recent studies have proved that there is a strong link between the digestive sys-
tem and the nervous system [42].

Lactobacillus and Bifidobacterium are probiotic bacteria that have been shown to improve immune system
function, respond to the formation of short-chain fatty acids, reduce inflammation, and boost gastric emp-
tying through the action of mucosal receptors [43].

Probiotics improved the gut microbiota of neonates and reduced abdominal distention, colic and cry dura-
tion [44]. Nevertheless, some studies stated probiotics species, namely Lactobacillus, Bifidobacterium, Lac-
tobacillus acidofilus, reuteri, and Streptococcu [45,46]. The dosage of probiotics supplementation was given
as follows: 10" cells for 21 days, 10" cells for 14 days, and 10° cells for 21 days [47]. Similarly, two stud-
ies reported dosages of probiotics 5x 107, 1.5x 10%, 4.5x 10%, 1.4x 10°, 4.2 x 10° given at first, second, third,
fourth and five weeks, respectively [48,49]. Probiotics help in the digestion of newborns and reduce abdom-
inal distension, colic, constipation, necrotizing enterocolitis, and diarrhoea. Specific probiotic strains treat
paediatric diseases and are available in capsules, nutrition, and infant formula [50-52].

The main strength of our review is that we included double-blinded, randomized control trials. We also
summarized the dosage, strain, and species of probiotics. Our systematic review and meta-analysis revealed
that probiotic supplementation is a non-invasive therapy that can be used routinely in prenatal and postna-
tal women and newborns to improve the physical and mental well-being and microbiota of newborns [53].
Probiotics, prebiotics and synbiotics supplementation reduced prenatal depression [54], newborn abdomi-
nal colic [45,55] and regurgitation [55].
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Various biomarkers and genetic methods are used to create distinct probiotic strains and species to increase
neonatal gut microbiota colonisation. As a result, more randomized control trials are needed to investigate
the specific probiotic strains used to understand the effects on pregnancy, lactating mothers, and newborns.

There were significant limitations; some studies included C-sections and vaginal births. Original studies
did not report numerical data on primary outcomes, especially neonates’ microbiota. Lastly, anxiety and
depression decreased in the probiotics group, but the primary studies were unclear about other extraneous
variables that may affect mental health in pregnant and lactating women.

CONCLUSION

Non-invasive therapies, such as probiotics, are more useful to pregnant and breastfeeding women and new-
borns. Administration of probiotics enhanced the gut microbiota, particularly newborns. The microbiome
promotes gut colonization in newborns, influencing digestion and nutrition absorption. Henceforth this
study provides strong evidence of the importance of probiotics for prenatal, postnatal, and newborn health.
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