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Abstract
Introduction Preeclampsia affects a significant percentage of pregnancies which is a leading cause of premature 
birth. Probiotics have the potential to affect inflammatory factors, and oxidative stress, which are linked to the 
development of preeclampsia. The study aimed to compare the effect of synbiotic and placebo on blood pressure 
and pregnancy duration as primary outcomes, and other pregnancy outcomes.

Methods This study comprised 128 pregnant women with mild preeclampsia and gestational ages exceeding 24 
weeks who were referred to the high-risk pregnancy clinic. It was a randomized, controlled, phase III, triple-blinded 
clinical experiment. The intervention and control groups were distributed to the participants at random. Intervention 
group received one oral synbiotic capsule, and control group received placebo daily until delivery. Based on 
gestational age at the time of diagnosis, preeclampsia was stratificated as early (< 34 weeks) or late (≥ 34 weeks). Data 
obtained from questionnaires, and biochemical serum factors were analyzed using SPSS software version 23 software.

Results With the exception of the history of taking vitamin D3, there were no statistically significant variations 
in socio-demographic variables between the research groups. After the intervention, the means of systolic blood 
pressure (adjusted mean difference: -13.54, 95% CI: -5.01 to -22.07), and diastolic blood pressure (adjusted mean 
difference: -10.30, 95% CI: -4.70 to -15.90) were significantly lower in the synbiotic-supplemented group than in 
the placebo group. Compared to the placebo group, the incidence of severe PE (p < 0.001), proteinuria (p = 0.044), 
and mean serum creatinine level (p = 0.005) significantly declined in the synbiotic-supplemented group after the 
intervention. However, our analysis found no significant association for other outcomes.
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Introduction
Preeclampsia (PE) is a condition in which pregnant indi-
viduals experience high blood pressure (systolic blood 
pressure of 140 mmHg or higher, or diastolic blood pres-
sure of 90 mmHg or higher (mild PE: systolic blood pres-
sure of 140 mmHg to Less than 160 mmHg, or diastolic 
blood pressure of 90 mmHg to Less than 110 mmHg) [1], 
and the presence of protein in the urine. It can also lead 
to complications, such as kidney failure, low platelet 
count, impaired liver function, and fluid accumulation in 
the lungs [2]. This disorder affects mothers and fetuses 
negatively in both the short- and long-term [3] and 
occurs in around 3–8% of pregnancies [4]. Overall preva-
lence of PE in Iran is 5% [5]. Preterm birth, intrauterine 
growth restriction, and fetal mortality are all outcomes 
associated with PE. This condition is a significant factor 
in the need for admittance to high-risk prenatal and post-
natal care facilities [6, 7].

Although it has been proposed that the administration 
of low doses of aspirin [8], as well as certain supplements 
like vitamin E and C, may serve as a preventive measure 
for PE in high-risk mothers, particularly those with a 
previous history of PE [9], there is currently no reliable 
and immediate method of prevention or treatment for 
PE. The definitive treatment at present involves partu-
rition and the expeditious removal of placenta [10]. To 
prevent maternal morbidity in the case of early PE, spe-
cialists may have to terminate the pregnancy, although 
this might result in serious newborn morbidities. These 
include illnesses, such as chronic pulmonary disease, 
cerebral palsy [10], intracranial hemorrhage, premature 
retinopathy, and mortality, particularly in babies deliv-
ered before 33 weeks [11]. The precise mechanism of 
PE remains uncertain. It was hypothesized that a rise in 
adipose tissue may cause an inflammatory response, dis-
rupting growth, and placental angiogenesis, ultimately 
resulting in PE [12]. Endothelial dysfunction and oxida-
tive stress are significant contributors to the pathogenesis 
of preeclampsia by inducing the excessive production 
of pro-inflammatory mediators throughout the body 
[13, 14]. It can be said that PE may be associated with 
inflammation, which may be induced by an infection as 
well [15]. Gut microbiota is highly diverse, and harbor-
ing trillions of microorganisms in human digestive sys-
tem. The shaping and multiplication of gut microbiome 

starts at birth, while the modification of their composi-
tion depends mainly on various genetic, nutritional, 
and environmental factors. Alterations in the composi-
tion and functionality of the gut microbiota may lead to 
changes in intestinal permeability, digestion, metabolism, 
and immunological responses. The pro-inflammatory 
state caused by alternation of gut microbiota balance lead 
to the onset of many diseases ranging from gastrointes-
tinal and metabolic conditions to immunological, and 
neuropsychiatric diseases [16]. Detectable changes in the 
intestinal microbiota occur in PE patients from the sec-
ond to third trimester of pregnancy. In PE patients, dys-
biosis in the third trimester promotes inflammation, and 
this inflammatory axis may link the development of PE 
to the intestinal microbiota [17]. Unbalanced intestinal 
microbiota has been proposed as a potential cause of PE 
in the animal models of hypertension [18]. Probiotics and 
prebiotics are the main parts of synbiotic supplements 
[19]. The first group comprises viable microorganisms 
that may enhance well-being when eaten in appropriate 
quantities [20]. Prebiotics are a kind of dietary carbohy-
drates that cannot be digested and help to increase the 
growth and effectiveness of probiotics [21]. Probiotics 
can enhance digestive and kidney health, regulate blood 
pressure, prevent diabetes, and improve overall health by 
eradicating harmful bacteria and modulating inflamma-
tory processes [22]. Probiotics have anti-inflammatory 
effects by controlling blood pressure, and inflammation-
related gene expression [23], decreasing the expression 
of LPS on gram-negative bacteria [24, 25], and lower-
ing inflammation in human placental trophoblast cells 
[25, 26]. Probiotics have potential therapeutic benefits 
for inflammatory conditions, including PE, based on the 
clinical data. Nevertheless, there is a scarcity of research 
on the correlation between probiotics and pregnancy 
outcomes in pregnant women [27]. The existing studies 
mostly concentrate on the preventative and protective 
effects of these supplements in connection to gestational 
hypertension and preeclampsia [28]. Based on our litera-
ture review, no clinical trial has studied probiotic or syn-
biotic to treat PE. This study was conducted to survey the 
effectiveness of oral synbiotic mi PE and preventing com-
plications. Timely management of this condition is cru-
cial for improved perinatal outcomes, including maternal 
and fetal outcomes.

Conclusion Based on our results, synbiotic had beneficial effects on some pregnancy outcomes. Further studies 
with larger samples are needed to verify the advantages of synbiotic supplementation for high-risk pregnancies, 
particularly with regards to higher doses, and longer intervention periods.

Trial registration IRCT20110606006709N20.

Keywords Probiotic, Synbiotic, Pre-eclampsia, Pregnancy Toxemias, Pregnancy hypertension, Pregnancy outcomes, 
Pregnancy complications
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Materials and methods
Study design and setting
It was a randomized, controlled, triple-blinded, 
phase III clinical trial approved under the ethics 
code of IR.TBZMED.REC.1398.556 by Tabriz Uni-
versity of Medical Sciences and registered in date of 
25/09/2019 at the Iranian Registry for Clinical Trials 
(IRCT20110606006709N20). The protocol of this study 
has already been published [29].

Reports indicate that probiotic supplements are harm-
less and do not have any adverse effects on either the 
mother or the fetus [30, 31]. The research focused on 
pregnant women in Tabriz, Iran, who visited the high-
risk pregnancy clinic at Al-Zahra Hospital. This hos-
pital serves an area with a relatively high occurrence of 
PE. The women included in the study had mild PE at 24 
weeks of gestation or later.

Outcomes
Primary outcomes included systolic, and diastolic blood 
pressure, and the duration of pregnancy. Secondary out-
comes included the incidence of severe PE, proteinuria, 
serum creatinine level, platelet count, and serum levels of 
liver enzymes (ALT, AST), bilirubin, LDH, and other out-
comes that are completely stated in the protocol article of 
this study [29].

Inclusion/ exclusion criteria
The inclusion criteria consisted of a single pregnancy, a 
gestational age of 24 weeks or more, a diagnosis of mild 
preeclampsia, and stable maternal and newborn circum-
stances that permitted a therapeutic approach including 
waiting, as determined by obstetricians and gynecolo-
gists. Exclusion criteria were as follows: being diagnosed 
with cardiovascular disease, renal, and liver failure, 
chronic and severe hypertension, the history of allergy to 
probiotics, consuming antibiotics in the past two weeks, 
acute gastrointestinal problems, using the glucocorti-
coids and immunosuppressants (except in cases where 
corticosteroids were prescribed to accelerate fetal lung 
maturation), the occurrence of maternal or fetal condi-
tions, related or unrelated to PE, requiring immediate 
delivery.

Sample size
Using G*POWER (version 3.1.2) software and consider-
ing a study power of 80%, α = 0.05, and two-tailed testing, 
the sample size was determined as n = 39 per group based 
on gestational age at the time of delivery, as n = 34 based 
on systolic blood pressure, as n = 21 based on the diastolic 
blood pressure [32], and as n = 64 based on the duration 
from the time of PE diagnosis to delivery [33]. Finally, 
regarding a 10% drop-out, the sample size was consid-
ered n = 128 (per group n = 64).

Sample Recruitment and clinical procedures
Using the available sample technique, the study’s eli-
gible pregnant women were enrolled. After being evalu-
ated for eligibility, the participants received appropriate 
explanations of the study’s goals, procedures, risks, and 
benefits. After obtaining written informed consent, a 
basic demographic information form was completed for 
each participant by the researcher. One synbiotic capsule 
(LactoCare, cont. 109 CFU, Zist Takhmir Co.) containing 
high amounts of probiotics (lactobacilli, bifidobacterial, 
and streptococci), along with fructo-oligosaccharide pre-
biotics (to support the growth and activity of probiotics) 
was daily prescribed for the participants of the interven-
tion group.

In accordance with national policy, the treatment for 
mild PE includes the mother and fetus being admitted 
to the hospital, closely monitored, and decisions made 
depending on the gestational age. Primary care involves 
the administration of antihypertensive drugs, screen-
ing disease severity, and exacerbation (e.g., headache, 
visual impairment, epigastric pain, and sudden weight 
gain of about 1.5 kg or more per week) symptoms, mea-
suring uterus height and gestational age, daily weighing 
and resting, prescribing high-protein high-calorie diet, 
and monitoring blood pressure every four hours. Upon 
admission, urine protein levels were assessed. 24-hour 
urine samples were taken if proteinuria (+ 1 or higher) 
or a protein to creatinine ratio above 0.3 were found. The 
renal function was evaluated by measuring the serum 
creatinine level in cases where proteinuria was seen in 
the 24-hour urine samples. There was no more testing 
conducted. Cell blood counting and serum level mea-
surements were conducted multiple times per week on 
the mother based on the hypertension severity. Tests 
included platelet count, creatinine, liver enzymes (ALT, 
AST), bilirubin, and LDH.

Fetal health assessment involved daily monitoring of 
heart sounds, and fetal movements, along with regular 
ultrasounds to check growth, and biophysical profiles 
(i.e., AFI and NST). Several factors, such as the duration 
of pregnancy, the intensity of preeclampsia, restricted 
intrauterine growth, the amount of amniotic fluid, and 
anomalies in fetal blood vessels seen by Doppler ultraso-
nography, influenced the frequency of tests conducted. 
Regular care was given till birth if gestational age was 
under 37 weeks. If gestational age was 37 weeks or higher, 
pregnancy was terminated.

The patients with controlled blood pressure, and pro-
teinuria were discharged, and monitored as outpatients 
based on specialist’s discretion. Women visited clinic 
once or twice a week to check their blood pressure and 
other parameters, and received synbiotic capsules or 
placebo and delivered empty envelopes. Participants 
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continued this task until delivery. Few mothers were dis-
charged during the study.

Randomization and blinding
Participants were assigned to synbiotic supplementa-
tion or placebo group using Random Allocation Software 
(RAS), and block randomization method. Allocation 
ratio was 1:1 with block sizes of four and six. Envelopes 
were equally prepared in the same number of partici-
pants, and numbered from 1 to 128. The envelopes were 
sealed and assigned a random sequence of numbers, by 
a not involved person. Each envelope contained either 
14 synbiotic (109 CFU) or placebo capsules. The par-
ticipants were stratified into two groups of late and early 
preeclampsia in a ratio of 1:4. Envelopes were designated 
with numbers below 100 for early PE and numbers over 
100 for late preeclampsia. The number of women in both 
the intervention and placebo groups was same. The first 
qualified individual received the first envelope, and so on 
until the sample size was attained. One capsule should be 
daily taken by participants until delivery. Comparable-
looking placebo capsules were given to the control group 
instead of the drug. Researchers, patients, and data ana-
lysts were unaware of group assignments. Stratification 
was done based on gestational age at the time of PE diag-
nosis (i.e., early or late PE) (Fig. 1).

Follow-up
The patients were followed up during treatment to moni-
tor capsule consumption and side effects. Participants 
were told to avoid probiotic products until delivery. 
Throughout the research, a few patients with well-con-
trolled blood pressure were allowed to leave the hospital. 
These participants received enough supply of the cap-
sules and were instructed to check in with the clinic or 
a local hospital every day for blood pressure monitoring. 
Patients who had an increase in blood pressure were sent 
to the clinic. Blood pressure was also analyzed on the 
day of delivery. A phone number was provided to these 
patients after discharge so that they could contact the 
researcher if they had any question or problem.

Data collection tools
These tools included a checklist for assessing eligibil-
ity criteria, a demographic information questionnaire, a 
checklist to document the daily consumption of medi-
cations and recording their side effects, a questionnaire 
for recording pregnancy, delivery, and neonatal-related 
information, a form for gathering the results of labora-
tory tests, and a data sheet for recording blood pressure. 
Based on the judgments of ten faculty members, the con-
tent validity method was used to approve the validity of 
these instruments.

Statistical analysis
The data were inputted into SPSS software, specifically 
version 23. The normality of quantitative variables in 
each group and subgroup was assessed through using 
Kolmogorov-Smirnov test. To describe the data, fre-
quency, percentage, and mean (standard deviation) were 
employed. To compare demographic factors between 
the study groups, various statistical tests were used, 
including Fisher’s exact test, the independent t-test, 
Chi-square test, trend Chi-square test, and Chi-square 
test. ANCOVA was implemented to compare the means 
of quantitative variables among the study groups, while 
taking into account baseline values, vitamin D consump-
tion, BMI, and the history of pre-eclampsia as confound-
ing variables. Logistic regression was used to compare 
variables with binary (categorical) outcomes among the 
groups, while adjusting for confounding variables. The 
significance level for all tests was set at 0.05, with a con-
fidence interval of 95%. All calculations were conducted 
based on the intention-to-treat analysis approach. Ran-
domization was employed to minimize the influence of 
confounding variables on the study outcomes.

Results
Participants
From February 2021 to August 2022, individuals were 
enrolled as research subjects (Fig.  1). Among 128 eli-
gible patients with moderate PE, one patient from the 
intervention group and one from the control group dis-
continued the intake of the supplement. Furthermore, 
a member of the intervention group chose to withdraw 
due to experiencing hypotension. Notably, the research 
had no cases of attrition, and as the intention-to-treat 
(ITT) strategy was used throughout data analysis, all 128 
mothers’ data were included at the end of the interven-
tion period. Furthermore, the majority of participants 
(97.65%) successfully consumed all the provided capsules 
throughout the intervention period.

Participants’ baseline characteristics
The participants in the synbiotic-supplemented group 
had a mean (standard deviation: SD) of age of 28.9 (4.8) 
years, while those in the control group had a mean age 
of 27.9 (4.5) years. The mean gestational age at the time 
of entering the study was 208.68 (27.8) days in the syn-
biotic group and 213.39 (22.3) days in the placebo group. 
The average systolic blood pressure was 134.07 (9.08) 
mmHg in the synbiotic group and 134.67 (8.81) mmHg in 
the control group. Additionally, the mean diastolic blood 
pressure was 83.12 (7.37) in the synbiotic group and 
83.34 (5.10) in the control group. There was a significant 
difference between two groups in terms of the consump-
tion of vitamin D3 during pregnancy (p < 0.001). No sig-
nificant differences were found between the two groups 
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in relation to other socio-demographic characteristics as 
shown in Table 1.

Primary outcomes
The average systolic blood pressure following the inter-
vention (on the day of delivery) was recorded as 138.15 
(25.85) mmHg in the synbiotic group and 153.64 (22.86) 

mmHg in the control group, revealing a significantly 
lower value in the former group (P = 0.002, adjusted 
mean difference (aMD)= -13.54, 95% CI: -5.01 to -22.07) 
(Table 2).

The average (SD) of diastolic blood pressure following 
the intervention (on the day of delivery) was measured 
as 83.23 (18.12) mmHg in the synbiotic group and 95.01 

Fig. 1 The CONSORT diagram of the study
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(12.45) mmHg in the control group, demonstrating a 
significantly lower value in the former group (P < 0.001, 
aMD= -10.30, 95% CI: -4.70 to -15.90) (Table 2).

Secondary outcomes
The occurrence rate of progressing to severe PE was 
notably lower (approximately five times) in the group 
supplemented with synbiotics compared to the placebo 
group (P < 0.001, adjusted odds ratio (OR) = 5.01, 95% 
CI = 2.04–12.29). Other outcomes at the conclusion of 
the intervention, such as early membrane rupturing, 
delivery mode, severe PE problems, and use of antihy-
pertensive drugs, did not show any significant differences 
between the groups (Table  2). Considering the levels of 
PE-related indicators in the serum after the intervention, 
the mean (SD) of serum creatinine level (mg/dl) was 0.86 

(0.01) in the placebo group and 0.79 (0.01) in the synbi-
otic group, which displayed a statistically significant dis-
tinction (P = 0.005, aMD=-0.06, 95% CI=-0.11 to -0.02). 
Furthermore, the intervention resulted in a significant 
reduction in random proteinuria (mg) in the synbiotic 
group compared to the placebo group (P = 0.004, aMD= 
-0.47, 95% CI= -0.92 to -0.01). After adjusting the effect 
of PE history, this difference was insignificant (Table 3).

No statistically significant differences were found 
among the study groups in terms of other outcomes, such 
as the duration of pregnancy, premature rupture of mem-
branes, mode of delivery, severe disease-related compli-
cations, use of antihypertensive medications, and blood 
factors such as platelet count (PLT), and serum levels of 
lactate dehydrogenase (LDH), alanine aminotransferase 
(ALT), and aspartate aminotransferase (AST), following 

Table 1 The distribution of some socio-demographic features of participants
Features Synbiotic (n = 64)

Mean (SD)
Placebo (n = 64)
Mean (SD)

P

Age (years) 28.9 (4.8) 27.9 (4.5) 0.589†

Pre-pregnancy weight (Kg) 75.54 (7.6) 74.64 (7.8) 0.511†

Height (m) 1.62 (0.0) 1.63 (0.0) 0.713†

Gestational age at the time of admission (days) 208.68 (27.8) 213.39 (22.3) 0.293†

N (%) N (%)
BMI (Kg/m2) < 18.5 20 (31.3) 12 (18.8) 0.159€

18.5–24.9 5 (7.8) 6 (9.4)
25-29.9 39 (60.9) 46 (71.9)

Educational level Lower than diploma 32 (50.0) 36 (56.3) 0.892‡

High school diploma 29 (45.3) 20 (31.3)
Academic 3 (4.7) 8 (12.5)

Spouse’s educational level Lower than diploma 34 (53.1) 33 (51.6) 0.457‡

High school diploma 24 (37.5) 20 (31.3)
Academic 6 (9.4) 11 (17.2)

Residency Urban regions 43 (67.2) 45 (70.3) 0.849€

Rural regions 21 (32.8) 19 (29.7)
Occupation Housewife 57 (89.1) 57 (89.1) 0.224†

Employed 7 (10.9) 7 (10.9)
Household income Adequate 42 (65.6) 45 (70.3) 0.426‡

Inadequate 22 (34.4) 19 (29.7)
Positive history of preeclampsia 15 (23.4) 7 (10.9) 0.100€

Positive history of gestational diabetes 15 (23.4) 6 (9.4) 0.054€

Vit D consumption 52 (81.3) 31 (48.4) > 0.001€

Number of pregnancies Nulliparous 28 (43.8) 20 (31.3) 0.201€

Multiparous 36 (56.3) 44 (68.8)
Previous deliveries No previous delivery 40 (62.5) 26 (40.6) 0.054§

Natural delivery 16 (24.2) 25 (39.1)
Cesarean section 8 (13.3) 13 (20.3)

History of abortion 16 (25.6) 14 (21.8) 0.612€

living child 15 (23.4) 22 (34.3) 0.809€

Preeclampsia Early (< 34 weeks) 50 (49.5) 51 (50.4) 0.828§

Late (≥ 34 weeks) 14 (51.8) 13 (48.1)
*: values represent means (SD)

† independnet t-test, ‡ The Chi-square for trend, € Fisher’s exact test, §:: Chi-square

BMI: body mass index
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the intervention. The supplement usage compliance rates 
throughout the intervention period were good, with 97% 
in the intervention group and 96% in the control group. 
None of the participants in either the intervention or pla-
cebo group reported any noticeable side effects.

Discussion
Using synbiotic capsules (with a count of 109 CFU) was 
employed as a daily regimen for expectant mothers expe-
riencing mild preeclampsia from the moment of their 
inclusion in the research until childbirth. Based on our 
comprehensive analysis of relevant literature, this par-
ticular investigation stood as the primary endeavor to 
explore the ramifications of synbiotic substances (com-
prising of the probiotic strains Lactobacillus case, L. 

acidophilus, L. rhamnosus, L. bulgaricus, Bifidobacte-
rium breve, B. longum, Streptococcus thermophiles, and 
prebiotic along with FructoOligoSaccharides (FOS) sup-
plements) on maternal outcomes linked to preeclampsia, 
as well as the associated blood indicators.

In a broad sense, the management of PE yielded advan-
tageous outcomes. Within the confines of this particular 
investigation, the primary endpoints encompassed sys-
tolic and diastolic blood pressure as well as the duration 
of pregnancy. Remarkably, the synbiotic supplement had 
a significant positive effect on both systolic and diastolic 
blood pressure, although it did not have any impact on 
the duration of pregnancy. The incidence of severe PE, 
proteinuria, and creatinine were among the second-
ary outcomes that significantly improved, but other 

Table 2 The comparison of maternal outcomes between synbiotic-supplemented and placebo groups
Maternal outcomes Synbiotic 

(n = 64)
Mean (SD)

Placebo (n = 64)
Mean (SD)

Adjusted mean differ-
ence/ (95% CI)

p-value§ p-value£

Duration of pregnancy (days)* 232.00 (20.78) 232.60 (21.20) -1.99 (-9.88 to 5.89) 0.618† 0.87
Time from PE diagnosis to delivery (days)* 21.59 (24.03) 19.21 (17.29) 3.34 (-4.50 to 11.95) 0.40† 0.30
Systolic blood pressure* pre-intervention 134.07 (9.08) 134.67 (8.81) 0.59 (-2.53 to 3.72) 0.708± -

post-intervention 138.15 (25.85) 153.64 (22.86) -13.54 (-22.07 to -5.01) 0.002† 0.004
Diastolic blood pressure* pre-intervention 83.12 (7.37) 83.34 (5.10) 0.21 (-2.00 to 2.44) 0.846± -

post-intervention 83.23 (18.12) 95.01 (12.45) -10.30 (-15.90 to -4.70) > 0.001† 0.001
N (%) N (%) Adjusted odds ratio 

(95% CI)
p-value*

Incidence of severe preeclampsia** 28 (43.8) 49 (76.6) 5.01 (2.04 to 12.29) > 0.001‡ 0.001
Premature rupture of membranes** 9 (14.1) 4 (6.3) 0.31 (0.79 to 1.21) 0.093‡ 0.112
Vaginal delivery** 33 (36.19) 32 (25.78) 0.95 (0.37 to 2.40) 0.920‡ 0.26
Incidence of serious complications (cerebral stroke, renal 
failure, HELLP syndrome, DIC, pulmonary edema)**

7 (11.9) 4 (6.3) 1.48 (0.30 to 7.24) 0.627‡ 0.206

Use of antihypertensive drugs** 53 (82.8) 59 (92.2) 1.44 (0.43 to 4.82) 0.553‡ 0.573
* symbol represents mean (standard deviation), ** symbol represents frequency (percentage)
± Independent t-test † ANCOVA, ‡ logistic regression, §adjusted for vitamin D3 consumption and BMI.
£ adjusted for vitamin D3, BMI, and the positive history of preeclampsia

Table 3 The comparison of some biochemical factors before and after the intervention between synbiotic and placebo groups
Biochemical factors Synbiotic (n = 64)

Mean (SD)
Placebo (n = 64)
Mean (SD)

Adjusted mean difference 
(95% CI)

p-value§ p-value£

Platelet count 
(count/ml)

Pre-intervention 211265.62 (55177.41) 212421.87 (64776.49) 1156.25 (-19892.91 to 22205.41) 0.914† -
Post-intervention 185,785 (7004) 190,789 (6943) -5004.56 (-25533.69 to 15524.55) 0.630‡‘± 0.391£

Creatinine (mg/dL) Pre-intervention 0.82 (0.16) 0.80 (0.12) -0.02 ()-0.07 to 0.02 0.350† -
Post-intervention 0.79 (0.01) 0.86 (0.01) -0.06 (-0.11 to -0.02) 0.005‡‘± 0.033£

LDH (u/L) Pre-intervention 385.29 (99.84) 370.98 (94.23) -14.31 (-50.88 to 22.25) 0.439† -
Post-intervention 441.50 (17.99) 405.9 (18.17) 35.51 (-17.73 to 88.76) 0.189‡‘± 0.245£

Random proteinuria 
(mg)

Pre-intervention 2.07 (1.23) 2.10 (1.00) 0.30 (-0.36 to 0.42) 0.881† -
Post-intervention 1.64 (1.22) 1.92 (1.07) -0.47 (-0.92 to 0.01) 0.044‡‘± 0.067£

ALT (u/L) Pre-intervention 19.51 (12.67) 15.76 (11.22) -2.47 (6.73 to 1.77) 0.252† -
Post-intervention 22.70 (22.72) 15.57 (9.80) 4.91 (-3.07 to 12.91) 0.225‡‘± 0.212£

AST (u/L) Pre-intervention 20.34 (10.26) 19.02 (6.81) -0.38 (-3.78 to 3.02) 0.824† -
Post-intervention 23.29 (14.24) 20.95 (16.92) 1.27 (-5/68 to 8.22) 0.717‡‘± 0.987£

All data were described as mean (standard deviation)

‡ ANCOVA, :† independent t-test, ± adjusted for vitamin D3 consumption
§adjusted for vitamin D3 consumption and BMI. £ adjusted for vitamin D3, BMI, the positive history of preeclampsia, and baseline values
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secondary outcomes like premature membrane rupture, 
delivery method, severe disease-related complications, 
antihypertensive medication use, and blood factors like 
platelet, lactate dehydrogenase, alanine aminotransfer-
ase, and aspartate aminotransferase were unaffected. The 
administration of these supplements during pregnancy 
was validated to be devoid of any adverse consequences 
in both mothers and offspring [34].

Intestinal dysbiosis may serve as a causal element in 
the development of hypertension. The administration of 
probiotics has the potential to reinstate the equilibrium 
of intestinal microbiota, and augment the production of 
metabolites implicated in the regulation of blood pres-
sure. This consequently presents probiotics as secure 
and dependable therapeutic interventions to enhance 
the maternal outcomes in expecting women with pre-
eclampsia [35, 36]. It has been observed that probiotic 
yogurt exhibits promise as a dietary supplement during 
pregnancy. Probiotics may assist the host by colonizing 
or not colonizing the digestive tract through local and/or 
systemic effects that can be either specific or nonspecific, 
direct or indirect, or both [37]. Nevertheless, the precise 
mechanisms by which probiotics exert their therapeutic 
effects remain largely ambiguous [38].

Several mechanisms have been proposed to be impli-
cated in probiotics’ potential blood pressure-reducing 
effects. These mechanisms include the potential to 
decrease systemic inflammation [13, 14], and oxidative 
stress [39], as well as to stabilize the renin-angiotensin 
system and subsequently contribute to blood pressure 
regulation [40]. Furthermore, probiotics have been sug-
gested to have a role to lower total cholesterol and low-
density lipoprotein (LDL) levels [36, 41], reducing blood 
sugar, and modulating insulin resistance [42]. Specific 
concepts make reference to neuroinflammation, which 
has been demonstrated to play a substantial role in the 
development of hypertension in both human and ani-
mal models. Through the microbiota-intestine-brain 
axis, changes in intestinal microbiota have an impact on 
brain homeostasis and neuroinflammation. The decline 
in the relative frequency of numerous bacteria producing 
short-chain fatty acids (SCFAs) has been reported in ani-
mal models of hypertension. The fermentation of fibers 
by intestinal bacteria results in the production of SCFAs 
[43], which in turn can exert an influence on blood pres-
sure by either directly promoting vasodilation or induc-
ing the plasminogen activator inhibitor-1 (PAI-1) [44]. In 
the hypertensive patients, the absorption of dietary cal-
cium suppresses both calcium-induced renin and extra-
cellular calcium uptake, thereby reducing blood pressure 
[45]. Probiotics enhance the absorption of dietary cal-
cium in the intestine via the production of SCFAs and 
lactic acid, which lower the pH of the intestines and 

increase the solubility and absorption of calcium ions 
[46].

New therapeutic possibilities for hypertension, in 
the form of probiotics and prebiotics, were understood 
to possess utility [47]. The ingestion of these dietary 
fibers has been linked to decreased cardiovascular ill-
nesses and blood pressure in various studies [48, 49]. 
Gomez-Arango et al. (2016) found a negative correla-
tion between the inflammatory marker PAI-1 [50], sys-
tolic and diastolic blood pressure, and the prevalence of 
butyrate-producing bacteria in the gut microbiome in a 
study involving overweight and obese pregnant women 
in their sixteenth week of pregnancy. Butyrate is manu-
factured from dietary fibers by bacteria within the intes-
tinal lumen. Dietary supplements that contain probiotics 
and prebiotics (synbiotics) have the potential to alter the 
composition of the intestinal microbiome, thereby offer-
ing a new approach to helping maintain normal blood 
pressure and reducing inflammation during pregnancy, 
ultimately improving outcomes for both the mother and 
the newborn [51].

Numerous pieces of evidence, primarily derived from 
studies conducted on animal models of hypertension, 
have substantiated a correlation between hypertension, 
and the composition of the intestinal microbiota. More-
over, the administration of probiotics and prebiotics has 
demonstrated the ability to prevent hypertension induced 
by obstructive sleep apnea (OSA). However, this protec-
tive effect was not observed in mice with normal blood 
pressure, implying that alterations in intestinal microbial 
balance contribute to the development of hypertension 
in mouse models of OSA [43]. A comprehensive review 
conducted by Ejtahed et al. (2020) encompassing five 
meta-analysis studies involving 2703 individuals of both 
genders, ranging from 12 to 75 years of age, revealed that 
the consumption of foods and supplements containing 
probiotics (administered for a duration of 3 to 24 weeks, 
encompassing multiple species, and at doses exceeding 
1011 colony-forming units) effectively regulated blood 
pressure in adults diagnosed with hypertension (blood 
pressure ≥ 130/85 mmHg). These favorable effects on 
blood pressure may be attributed to the cumulative or 
cooperative impact of various probiotic species admin-
istered at high doses [52]. In this research, we did not 
evaluate dose-dependent effects. Previous investigations 
in intervention with varied dosages, however, found that 
high doses had a more significant impact [53]. Moreover, 
Tanida and colleagues showed that the prolonged intake 
of probiotics, namely L. Gasseri in conjunction with L. 
Fermentum or L. Coryniformis, exhibited a significant 
decline in endothelial dysfunction, oxidative stress, and 
vascular inflammation in murine subjects [54].

In a recent investigation, Hajifaraji et al. (2017) con-
ducted an evaluation on the effects of probiotic capsules, 
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which contained L. acidophilus LA-5, Bifidobacterium 
BB-12, S. thermophilus STY-31, and L. delbrueckii bul-
garicus LBY-27, administered at a dosage exceeding 
4 × 109 Colony-Forming Units (CFU), on the levels of 
both systolic and diastolic blood pressure in pregnant 
women affected by gestational diabetes mellitus (GDM). 
During pregnancy, the probiotic supplement prevented 
an increase in blood pressure; however, this effect did not 
become evident until six to eight weeks of supplementa-
tion. This suggests that probiotics might possess endur-
ing beneficial properties. Furthermore, the ingestion of 
this supplement for a duration of eight weeks resulted in 
a decrease in systolic blood pressure of up to 8.7 mmHg, 
and diastolic blood pressure of up to 10.61 mm Hg [27]. 
Similarly, in a separate investigation conducted by Nab-
hani et al. (2018), using a synbiotic supplement exhib-
ited the capability to lower systolic blood pressure by 
9.7 mmHg and diastolic blood pressure by 4.8 mmHg 
[55]. The discrepancies in blood pressure levels observed 
across various studies may be attributed to variations 
in supplement dosages, durations of consumption, and 
characteristics of the studied populations. Although the 
findings of these studies align with our own research, 
none of them were specifically conducted as a treatment 
for PE.

In contrast to previous investigations, a comprehen-
sive analysis revealed that the introduction of probiotic 
supplementation did not yield any discernible impact on 
pregnancy outcomes, particularly in relation to the blood 
pressure of expectant mothers afflicted with gestational 
diabetes [56]. Correspondingly, the outcomes of an alter-
native study failed to indicate any significant association 
between the administration of probiotics, and pregnancy 
outcomes, including blood pressure levels, in women 
diagnosed with GDM [57]. The contradictory findings 
might be caused by a number of variables. The fact that 
the underlying ailment in our individuals was different 
from the disorders evaluated in related publications was 
a significant distinction between our investigation and 
other studies. In contrast to the expectant women with 
GDM who participated in the aforementioned stud-
ies, our subjects had mild PE. An additional variable 
that may account for the observed discrepancies among 
these results is the use of different probiotic strains and 
varying durations of ingestion. It appears that the incor-
poration of probiotic-containing supplements and nour-
ishments can yield more favorable health outcomes when 
employed over an extended period, thereby engendering 
gradual restorative effects on the intestinal microbiota.

Evidence indicates that excessive inflammatory 
responses may have a significant impact on the develop-
ment of PE [58]. Thus, endothelial dysfunction induced 
by oxidative stress and systemic inflammation are crucial 
determinants of PE [13, 14]. Furthermore, an increase in 

oxidative stress during pregnancy was associated with 
various unfavorable outcomes, including PE [39], low 
birth weight [59], preterm delivery [60], and thrombo-
cytopenia [61]. Probiotics were shown to enhance PE by 
mitigating systemic inflammation [62, 63] and oxidative 
stress [64]. A meta-analysis revealed that probiotics may 
not be as effective as synbiotics in lowering inflamma-
tory variables [65]. According to a meta-analysis of six 
studies with 426 individuals, probiotic and/or synbiotic 
treatment reduced blood creatinine levels. It is suggested 
probiotic may improve renal function via increasing 
anaerobic bacteria, such as Lactobacillus and Bifidobac-
terium leading to decrease in PH and urea levels [66]. 
These probiotics effectively improved kidney param-
eters, such as creatinine, proteinuria, and blood pres-
sure in mothers with mild PE. Given the significance of 
these factors in the diagnosis and management of PE, 
the occurrence of severe PE was prevented through this 
mechanism. However, our analysis found no significant 
association for liver biomarkers.

The study conducted by Nordqvist et al. (2018) ana-
lyzed the timing of probiotic milk intake during preg-
nancy and its potential effect on the occurrence of PE and 
preterm delivery. Consuming probiotic milk in the latter 
stages of pregnancy considerably lowered the chance of 
PE [28], according to the data. This protective associa-
tion between the consumption of milk products contain-
ing probiotics and PE, particularly severe PE, was further 
demonstrated in a separate cohort study conducted by 
Brantsæter et al. (2011). Thus, this association was attrib-
uted to the inflammatory changes induced by probiot-
ics, and its effect was more noticeable in cases of severe 
PE. Furthermore, the results indicated a dose-dependent 
protection against PE [67].

Although the exact biological mechanism behind the 
correlation of these dietary components with the PE is 
still not fully understood, it is possible that it is linked 
to the alteration of immune responses, oxidative stress, 
and inflammatory processes that occur during pregnancy 
[68].

In a systematic review conducted by Lindsay et al. 
(2013), the findings demonstrated a significant reduction 
in fasting glucose levels, the occurrence of gestational dia-
betes mellitus (GDM), PE, and C-reactive protein levels 
with the use of probiotics during pregnancy [24]. Despite 
these findings, there was no statistically significant differ-
ence in the occurrence of PE between the groups studied 
in the clinical trial by Lindsay et al. (2014) that looked at 
the effects of probiotics on overweight mothers [69]. The 
changes in gut microbiota composition among pregnant 
women based on their weight status were reported [70, 
71]. These conflicting differences are likely attributed to 
confounding factors, such as obesity, which can influence 
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gut microbiota [72] and potentially explain the disparities 
in outcomes observed across studies.

We can assert that the primary distinction between 
the prior studies and our investigation is that our inves-
tigation was executed as a meticulously regulated clinical 
trial for the management of PE in humans, and conse-
quently, its effect on the outcomes connected to PE was 
examined. However, in earlier studies, the consequences 
of pregnancy were examined subsequent to the preventa-
tive intervention or in mothers with GDM or obesity or 
on animals. The advantages of using probiotics extend 
to the enhancement of metabolism, reduction of inflam-
mation, prevention of infection, and the amelioration of 
pregnancy outcomes via the reduction of preterm births 
[38]. There were no studies that showed probiotic use to 
substantially lengthen pregnancy, which was the study’s 
secondary main outcome. These findings have also been 
supported by subsequent systematic review studies [29, 
73]. Pregnancy length may be shortened by a number 
of PE and hypertension-related conditions. It is possible 
that the limited duration of supplement intake could 
not produce a significant positive impact on pregnancy 
length. As previously stated, the absence of notable 
impact on alternative outcomes in the present study, and 
the presence of discrepancies between the findings of this 
investigation and other investigations may be attributed 
to the characteristics of the participants.

Using the most optimal randomized clinical trial 
methodology, the obligatory study-specific training, the 
emphasis on voluntary participation, the provision of 
ample opportunity for decision-making, and consulta-
tion with a personal gynecologist and spouse are among 
the notable attributes of the study. To mitigate the loss of 
participants, contact via telephone was also established, 
and the capsules possess a simplified usability. The sam-
ple recruitment center, Al-Zahra Hospital in Tabriz, is a 
well-known academic institution that receives a signifi-
cant number of referrals for high-risk pregnancies from 
a range of geographic locations and social groups that 
include different age ranges and socioeconomic classes. 
Within this establishment, the management of PE is gov-
erned by national protocols. All these factors serve to 
enhance the applicability of our findings.

One of the limitations encountered in the current study 
was the inherent nature of disease, as well as its manage-
ment, which consequently restricted the opportunity for 
sufficient consumption of supplements among certain 
participants. We conducted blood pressure measure-
ments throughout the course of the treatment. Owing to 
the variability of the participants’ illnesses and the vary-
ing duration of therapy, several individuals had interven-
tion for a few days while others received treatment for a 
longer period. Therefore, the obtained blood pressure via 
the antenatal course data were unanalyzable. This is one 

of the limitations of the study. Due to the fact that the 
supplement was ingested from the moment of PE diagno-
sis up until delivery, and considering that PE (particularly 
late PE) is a tumultuous condition that can rapidly esca-
late and necessitate delivery, certain participants (e.g., 
mothers with late-onset PE) were unable to adequately 
partake in supplement intake. Conversely, the effects of 
probiotics gradually attain an optimal state [27], which 
may explain the lack of significant effects observed in 
certain pregnancy outcomes. Preeclampsia is more com-
mon in women with high BMIs [74], and there is a clear 
correlation between high BMI and cesarean birth [75]. It 
is suggested that the relationship between BMI of women 
who have PE and the rate of cesarean section should be 
carefully investigated.

Conclusion
Drawing upon the findings of this study, it can be 
deduced that the administration of synbiotic supple-
ments shows the potential to ameliorate indicators 
associated with PE, namely systolic and diastolic blood 
pressure, proteinuria, and serum creatinine levels, 
thereby averting the progression towards severe PE. As a 
result, by improving the outcomes for both mothers and 
newborns, this strategy shows promise as a treatment 
option for PE management. Even with their significant 
effects, these supplements have little effect on the length 
of gestation. To affirm the protective effects of synbiotic 
against the deleterious pregnancy consequences of PE, 
further studies of greater sample size and appropriate 
supplementation duration are warranted. Future studies 
should prioritize the evaluation of this intervention on 
expectant mothers afflicted with early mild PE.
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