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Abstract

Background The elevated circulating toxins secondary to the impairment of intestinal barrier integrity commonly
elicit a chronic inflammatory response and finally contribute to multiple diseases. These toxins, including bacterial
by-products and heavy metals, are the potent risk factors for the development of recurrent spontaneous abortion
(RSA). Preclinical evidence suggests that several dietary fibers can restore intestinal barrier function and decrease the
accumulation of heavy metals. However, it is uncertain whether treatment with a newly developed blend of dietary
fibers product (Holofood) benefits patients with RSA.

Methods In this trial, we enrolled 70 adult women with RSA, who were randomly assigned into the experiment
group and the control group in a 2:1 ratio. Upon the basis of conventional therapy, subjects in the experiment group
(n=48) received 8 weeks oral administration with Holofood three times daily at a dose of 10 g each time. Subjects
without Holofood consumption were set as the control (n=22). Blood samples were collected for the determinations
of metabolic parameters, heavy mental lead, and the indices related to intestinal barrier integrity (p-lactate, bacterial
endotoxin, and diamine oxidase activity).

Results The reduction amplitude in blood lead from baseline to week 8 was 40.50 + 54.28 (ug/L) in the experi-

ment group as compared with 13.35+36.81 (ug/L) in the control group (P=0.037). The decreased level of serum
p-lactate from baseline to week 8 was 5.58 +6.09 (mg/L) in the experiment group as compared with — 2.38 +8.90
(mg/L, P<0.0001) in the control group. The change in serum DAQ activity from baseline to week 8 was 3.26 +2.23
(U/L) in the experiment group as compared with — 1.24 +2.22 (U/L, P<0.0001) in the control group. Participants who
received Holofood had a greater decline in blood endotoxin from baseline to week 8 than those in the control group.
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Moreover, by comparing with the self-baseline, Holofood consumption significantly decreased the blood levels of

lead, p-lactate, bacterial endotoxin, and DAO activity.

Conclusion Our results suggest that Holofood affords a clinically relevant improvements in blood lead level and

intestinal barrier dysfunction in patients with RSA.

Keywords Recurrent spontaneous abortion, Intestinal barrier integrity, Lead, Dietary fibers, p-lactate, Diamine oxidase

Introduction

Approximately 2.5% of women attempting to conceive
suffer from recurrent spontaneous abortion (RSA) [1].
This is one of the major pregnancy disorders that severely
threatens the physical, mental, and reproductive health of
patients [2]. Although the etiology of 50% RSA cases is
still unknown [3], several risk factors have been proven
to account for such intractable complication, contain-
ing gene [4], anatomy [5], endocrine [6], immune [7],
environmental pollution [8], and heavy metals exposure
[9]. For example, it has been recognized that pregnancy
must induce immune tolerance to avoid fetal rejection,
while obesity can cause chronic inflammation through
activating the immune system. This impaired maternal
immuno-tolerance will lead to pregnancy failure such
as RSA, one of the most common complications during
early pregnancy [10].

Accumulating evidence suggests that lead is one of the
most toxic heavy metals prevalent in the contaminated
environment [11]. After absorption, lead would impair
physiological functions in multiple organs [12, 13]. The
raised blood lead level is well associated with higher risk
of pregnancy loss [14], since lead could directly damage
female reproductive function via inducing menstrual
abnormalities, spontaneous abortion, and premature
delivery [15].

Given that gut microbiota plays a critical role in the
maintenance of intestinal homeostasis [16], there is a
growing interest in exploring the interactions between
lead toxicity and gut microbiota in rodents and humans
[17]. Recently, a hypothesis has been proposed that lead
exposure greatly influences the gut microbiota, leading to
an impaired gut barrier integrity and an increased intes-
tinal permeability [18], which facilitates toxins to enter
the enterohepatic circulation and finally results in many
chronic inflammatory diseases [19]. In this respect, pre-
clinical evidence suggested that lead exposure not only
altered the composition of gut microbial community, but
also impacted metabolic functions, leading to gut dysbio-
sis in mice [20]. Modulation of the gut microbiota by pro-
biotics [21] and prebiotic galacto-oligosaccharide (GOS)
[22], or oral supplementation of lead-intolerant intes-
tinal microbes [23], all provided significant protections
against lead toxicity in mice. The underlying mechanism
involves in biotransformation of lead, such as prevention

of absorption [21], promotion of fecal excretion, reduc-
tion of blood concentration [23], as well as recovery of
the gut barrier integrity and functions [22]. Intriguingly,
recent clinical outcomes conducted in pregnant women
and children showed that probiotic-supplemented yogurt
possessed similar beneficial effects to reduce the bioac-
cumulation of heavy metal arsenic and mercury [24].
Accordingly, targeting gut microbiota with probiotics,
prebiotics, or dietary fibers appears to be a promising
approach to ameliorating intestinal barrier function and
decreasing the levels of heavy metals [18, 25, 26].
Holofood, a newly developed product of dietary fib-
ers mixture with unique nutritionally balanced ratio, has
been previously displayed to upregulate the gut micro-
bial diversity and decrease the activity of serum diamine
oxidase (DAO), which eventually helps to maintain
the health of the intestinal microecosystem [26]. Fur-
thermore, Holofood was reported to alleviate hypoxia-
induced cardiac hypertrophy in rats via modulating the
gut microbiome and metabolic profiles [27]. Neverthe-
less, it is still uncertain whether consumption of such
dietary fibers blend benefits patients with RSA.
Therefore, we conducted a randomized open-label
trial to investigate the effects of Holofood treatment
for 8 weeks on adult women with RSA, and focused on
evaluating the changes of metabolic parameters, blood
lead levels, and the indices referred to intestinal barrier
integrity in participants. Determinations of bacterial by-
products endotoxin and D-lactate were used to reflect
the intestinal permeability, while test of DAO activity, an
enzyme that released from the intestinal epithelia, was
used to reflect the degree of gut barrier impairment [28].

Methods

Trial design

From November 2019 to November 2020, this ran-
domized, open-label, parallel-group controlled trial
was conducted in accordance with the principles of
the Declaration of Helsinki and Good Clinical Prac-
tice guidelines, with the clinical trial registration num-
ber of ChiCTR1900026336. The present protocol was
approved by the Ethics Committee for Clinical Research
of the hospital with the number of SFYLS-2020-011. All
recruited participants were informed the related risks
and complications and signed an informed consent form.
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Investigators were responsible for data collection and
analysis.

Participants

According to the RSA diagnostic criteria, adult women
aged 22 to 42 years who experienced two or more
miscarriages or three or more consecutive cycles of
high-quality embryo transfer without pregnancy were
recruited, with blood lead concentration>20 pg/l. In
this populations, patients with immune dysfunction and
abnormalities of glucose or lipid metabolisms were also
enrolled. Key exclusion criteria were: (1) Un-heathy life
styles such as smoking and drinking. (2) Excessive expo-
sure to harmful chemicals. (3) Genetic problems such
as chromosomal abnormalities. (4) Uterine anatomy
abnormalities such as a mediastinal uterus and cervical
insufficiency. (5) Abnormal endocrine function such as
thyroid disease and hyperprolactinemia. (6) Reproduc-
tive tract infections. (7) Use of antibiotics within 90 days
before enrollment. (8) The habits of taking biotic prod-
ucts such as probiotics, prebiotics, synbiotics, or postbi-
otics. (9) A history of administrations with hypoglycemia
and hypolipidemic drugs during the past two months.
(10) The changed amplitude of body weight over 5% in
the past two months. Patients with the coexisting condi-
tions (i.e., severe myocardial ischemia, proliferative retin-
opathy, renal insufficiency with the proteinuria>1 g/day,
hypertension with systolic pressure >160 mmHg or dias-
tolic blood pressure > 95 mmHg) were also excluded.
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Procedures

The age, weight, and body mass index (BMI) in partici-
pants were recorded in detail, together with their his-
tory of gravidity, miscarriage, and implantation failure.
A total of 70 eligible subjects were randomly assigned
in a 2:1 ratio to the experimental group and the control
group. Simple randomization strategy was performed
for grouping. Random numbers generated using SPSS
software (version 22.0) were sorted in ascending order,
then those with numbers from 1 to 48 were assigned to
the experiment group, while those with numbers from
49 to 70 were assigned to the control group. Upon the
basis of the conventional therapy with multivitamins
(take one pill daily with a meal), subjects in the experi-
ment group (n=48) received 8 weeks oral administra-
tion with Holofood three times daily at a dose of 10 g
each time (taken 30 min before each meal), whereas
subjects without Holofood consumption (n=22) were
set as control. Of the 70 participants, finally the data
of 41 subjects in the experiment group and 20 subjects
in the control group were included into the outcomes
analysis. The CONSORT flow diagram of the partici-
pants in this trial was illustrated in Fig. 1.

Holofood, a blend consisting of four kinds of prebi-
otics (galacto-oligosaccharides (GOS), inulin, yeast
B-glucan, polydextrose) and four different plant-
derived soluble dietary fibers (microcrystalline cel-
lulose, erythritol, guar gum, steviol glycosides),
was provided by Beijing Ruiqianjing Technology
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(n=70)

Excluded (n=0)

v" Not meeting inclusion criteria
v Decline to participate (n=0)

(n=0)
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|
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Fig. 1 CONSORT flow diagram of the participants in this trial
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Development Co., Ltd., with the production license
number of SC10611151014507.

Blood lead quantification

Graphite furnace atomic absorption spectrometry was
applied to determine the levels of blood lead. Briefly
[29], a 100-pL fresh whole-blood sample was digested
with 1 ml 0.5% Triton X-100, followed by adding
100 pL 1% nitric acid to decompose the high organic
content of the matrix, and then analyzed by a BOHUI
2100 analyzer (Beijing Bohui Innovation Technology
Co., Ltd., Beijing, China), according to the standard
operating procedure. The electrodeless discharge lamp
was operated at 10 mA current, and spectral line at
283.8 nm wavelength was selected for the determina-
tion with a spectral bandpass of 0.5 nm.

Evaluation of metabolic parameters

About 5 ml of fasting venous blood sample was col-
lected from each subject before and after 8 weeks
Holofood intervention using blood collection vessels
containing procoagulants. Serum was extracted after
centrifuging, and the levels of uric acid, total choles-
terol, triglyceride, high-density lipoprotein, low-den-
sity lipoprotein, and glycosylated hemoglobin were
measured at Shenzhen Maternal and Child Health
Hospital.

Determinations of indices related to intestinal barrier
integrity

Serum samples isolated from fresh whole-blood were
snap stored at — 80 °C. After all samples were col-
lected, the levels of DAO activity, b-lactate, and bac-
terial endotoxin were quantitatively tested by the
JY-DLT intestinal barrier function biochemical index
analysis system with the matching joint detection kit
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(enzymatic method, JY-Po-Color-DLT set, Beijing
Zhongjin Golden Field) [30].

Statistical analysis

The data were expressed as mean=+SD and analyzed by
the SPSS software package (version 24.0). Demographic
and clinical characteristics of the participants at baseline
between groups were analyzed by the independent sam-
ples t-test, except for the comparison of delivery times
with the Chi-square test. Comparisons of key metrics
within the experiment group between pre- and post-
intervention were performed by paired ¢-test. The mean
substitution method was used to impute the missing data.
P<0.05 indicated a statistically significant difference.

Results

Baseline characteristics of participants

No significant differences in age, weight, BMI, gravidity,
and history of adverse pregnancy or implantation failure
were observed between the two groups, showing the sim-
ilar demographics and baseline characteristics (Table 1).

Holofood did not affect metabolic parameters

in participants

There were no significant changes in blood uric acid, total
cholesterol, triglycerides, high-density lipoprotein, low-
density lipoprotein, and glycosylated hemoglobin levels
between groups, either at baseline or at the end of study.
In experiment group, by comparing with self-baseline,
Holofood intervention for 8 weeks had no significant
effects on these parameters, indicating that Holofood did
not affect the basic metabolism homeostasis (Table 2).

Holofood improved the intestinal mucosal barrier

in patients with RSA

In the experimental group, statistically significant reduc-
tions in blood DAO activity, D-lactate, and bacterial
endotoxin were observed after intervention with Holo-
food (Table 3).

Table 1 Demographic and clinical characteristics of the participants at baseline

Characteristic Holofood (n=48) Control (n=20) p value
Age(year) 32.71+4.06 30.58+5.25 0.068
Weight (kg) 56.60+5.74 5449+6.99 0.189
BMI (kg/m?) 22344218 21304233 0.076
History of production number 40/48(83%) 15/22(68%) 0.210
Gravidity (time) 2.71+1.50 3.00+1.82 0484
History of adverse pregnancy or replantation 208+1.10 1794133 0.337

failure(time)

BMI: The body mass index is the weight in kilograms divided by the square of the height in meters. Excepting for the comparison of history of production number
performed by the Chi-square test, other statistics were performed by independent samples t test
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Table 2 Within-group comparisons of metabolic parameters in the experiment group by paired t test

Parameters Baseline After Holofood Mean difference 95% Confidence interval p value
intervention

URIC (umol/L) 276.98+75.40 27127 £5457 —4.373 —345231025.774 0.741

TC (mmol/L) 479+134 4.65+1.00 0.162 —0.372t00.693 0.555

TG (mg/L) 1.16+0.66 1.16+0.75 0.003 —0303t00.312 0.990

HDL (mmol/L) 1.46+0.38 1444036 —0.008 —0.177t0 0.161 0.738

LDL (mmol/L) 2.79+1.20 2.62+0.96 0.121 —0.3691t00.612 0323

HbA1c (mmol/L) 520+043 5.08+0.44 0.147 —0.057t0 0350 0.055

URIC: Uric acid; TC: Total cholesterol; TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; HbA1c: Glycosylated hemoglobin

Table 3 Within-group comparisons of blood lead and intestinal barrier integrity indices in the experiment group by paired t-test

Parameters Baseline After Holofood Mean difference 95% Confidence interval p value
intervention
Lead (pg/L) 7581 +64.34 33.61+21.67 41650 22.318 10 60.982 0.000
DAO activity (U/L) 10.81+£243 758133 3.231 2.359t04.105 0.000
p-lactate (mg/L) 15.76+6.37 10.22+3.84 5.539 3.194 t07.883 0.000
Endotoxin (U/L) 1065+0.76 1039+0.16 0.265 0.020t0 0.511 0.040
DAO: Diamine oxidase
Table 4 Within-group comparisons of blood lead and intestinal barrier integrity indices in the control group by paired t-test
Parameters Baseline After 8 weeks Mean difference 95% Confidence interval p value
Lead (ug/L) 5046 +27.01 4349+23.77 17.174 —3.813t038.162 0.287
DAO activity (U/L) 772+178 9.11+281 —1.032 —2551100.488 0.023
p-lactate (mg/L) 10.82+5.02 13.96+9.38 —1.839 —6429t0 2.751 0.017
Endotoxin (U/L) 9.80+159 1031093 —0.051 —1.339t01.238 0211

DAO: Diamine oxidase

Table 5 Changed amplitude of blood lead and intestinal barrier integrity indices between groups by independent samples t-test

Parameters Control Experiment Mean difference 95% Confidence interval p value
(Holofood intervention)

Lead (ug/L) 13.35+36.81 40.50+54.28 13.958 7.57810 63.502 0.037

DAO activity (U/L) —124+222 326+223 0.695 3.063 to 5.846 0.000

p-lactate (mg/L) —2.38+890 558+6.09 8.180 3.897to 12463 0.000

Endotoxin (U/L) —0.03+245 0.26+0.72 0.786 0.144to0 1428 0.584

DAO: Diamine oxidase

We noted that in the control group, there were sig-
nificantly increased levels of DAO activity and D-lac-
tate after the conventional therapy with multivitamins
(Table 4). To identify the benefits of Holofood, we
calculated the changed values of these indices in each
subject from baseline to week 8 and further compared
their differences between groups. As shown in Table 5,
from baseline to week 8, the decreased amplitudes of

serum D-lactate and DAO activity in the experiment
group were both significantly greater than those in the
control group. Moreover, despite no statistical signifi-
cance, participants who received Holofood interven-
tion had a relatively greater decline of blood bacterial
endotoxin from baseline to week 8 than those who in
the control group. These results indicated that Holo-
food indeed improved the intestinal barrier function in
patients with RSA.
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Holofood decreased the level of blood lead in patients
with RSA

From baseline to week 8, a remarkable reduction of blood
lead level was found between pre- and post-Holofood
intervention in the experiment group (Table 3), while
no obvious change of that was observed in the control
group (Table 4). Furthermore, the magnitude of decline
in blood lead from baseline to week 8 in the experiment
group was substantially stronger than that in the control
group (Table 5).

Discussion
In recent decades, it has been well recognized that
environmental pollution increases the risk of human
exposure to heavy metal lead, which may consequently
produce chronic or acute accumulation, and finally
results in impairments of female and male reproduc-
tive system [31]. Indeed, a prospective clinical outcome
showed that there was a striking dose—response relation-
ship between blood lead and risk of spontaneous abor-
tion [32], and even a small quantity of blood lead was
harmful [33]. Because exposure to a very low level of
lead significantly modified placental Ca®' transport in
pregnant women [34]. Notably, in this trial, we found
that adult women with RSA who experienced two or
more miscarriages or three or more consecutive cycles of
embryo transfer without pregnancy had a marked reduc-
tion in blood lead level from baseline with Holofood as
an adjunct to conventional intervention. Such reduction
of blood lead that we observed in the Holofood interven-
tion group is substantially exceeded that in the control
group without Holofood treatment, suggesting a clini-
cally meaningful response in patients with RSA.
Theoretically, prebiotics and dietary fibers in the Hol-
ofood are indigestible food ingredients which can serve
as the substrates for the fermentation by several gut
microbes, especially for the promotion of probiotics
growth, and therefore help to maintain intestinal homeo-
stasis [35]. Considering the major effector site of Holo-
food is the gut, together with the fact that impairment of
intestinal barrier integrity with increased permeability
is one of the lead toxicities [17, 20], it is very likely that
Holofood decreases the level of blood lead because of its
improvements on the gut barrier function. As expected,
Holofood administration for 8 weeks in patients with
RAS significantly decreased the circulating p-lactate and
DAO activity, the two well-known intestinal hyper per-
meability biomarkers [36]. Recently, dietary fibers are
increasingly recognized to play many beneficial roles in
gut health [37]. Several clinical trials also identified that
dietary fiber has the potential to change the gut micro-
biota and alter metabolic regulation [38]. Furthermore,
prebiotics was reported to restore a degraded mechanical
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barrier in an animal study of anti-inflammatory nutri-
tional food mechanisms [39].

One of the components in Holofood product is galacto-
oligosaccharides (GOS), which can be selectively used
by probiotics, such as Bifidobacterium and Lactobacil-
lus, while inhibiting the proliferation of gram-negative
pathogenic bacteria and maintaining the balance of gut
microbiota [40—42]. Importantly, modulation of the
gut microbiota by GOS was recently found to promote
fecal lead excretion and reduces lead accumulation in
the blood and tissues in mice, since GOS supplemen-
tation enhanced the abundance of bacteria with good
lead-binding ability and restored the intestinal barrier
function [22]. Another key ingredient in Holofood prod-
uct is inulin, a famous prebiotic which also can promote
the abundance of Bifidobacterium [43]. Dietary inulin
supplementation was showed to decrease DAO activity,
elevated the Lactobacillus population but decreased the
Escherichia coli population in a porcine model [44]. The
dietary inulin also offered a promising approach to avoid
post-weaning gastrointestinal tract disorders in pigs
[45]. These findings, together with our results, suggested
that prebiotics intervention has the potential to protect
against intestinal barrier dysfunction.

In the current study, we found that Holofood prod-
uct did not change the circulating metabolic parameters
including uric acid, high-density lipoprotein, low-den-
sity lipoprotein, and glycosylated hemoglobin, indicat-
ing that the Holofood product did not affect the normal
metabolic homeostasis of the body. In contrast, GOS
supplementation could improve blood glucose and lipid
metabolism because daily supplementation of GOS for
3 months reduced total cholesterol levels in women by
13% compared with the baseline [46]. Our results showed
that total cholesterol had a downward trend but no statis-
tical difference after intervention with Holofood includ-
ing GOS. One explanation is that the average BMI of the
patients in this study was less than 24, and blood glucose
and lipid metabolism were also within the physiologi-
cal ranges but not in the pathophysiological state. In this
study, we showed that intervention with a novel dietary
fibers blend product Holofood affords a clinically rele-
vant improvements in blood lead level and intestinal bar-
rier function in patients with RSA.

Limitations

Three major limitations exist in the present study. First,
although it has been enough to conclude the clinical
improvements after Holofood consumption through
using paired ¢ test and independent samples ¢ test to ana-
lyze the differences within-group and between group, we
still acknowledged that using ANCOVA test may be able
to obtain a higher statistical efficiency. Second, we did
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not examine the corresponding alteration of gut micro-
biota that has been conformed to commonly mediate the
improvement of intestinal barrier function by prebiotics.
Investigating the changes in gut microbiota may be able
to explain the effect of Holofood on blood lead level in
RSA. Third, we did not observe the effect of Holofood on
the pregnancy outcome. Similarly, growth hormone sup-
plementation has been shown to improve oocyte quality
and live birth, but few studies have examined whether
growth hormone can reduce embryonic aneuploidy [47].
The effect of Holofood on pregnancy outcome requires
rigorous clinical trial validation.

Abbreviations

RSA Recurrent spontaneous abortion

DAO Diamine oxidase activity

GOS Galacto-oligosaccharide

BMI Body mass index
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