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Abstract
Background: In recent years, Trichuris suis ova (TSO) therapy in inflammatory bowel disease (IBD) has attracted much attention.
However, efficacy and safety of TSO therapy are still not well described. The aim of the study was to perform a meta-analysis to
assess the effectiveness of TSO therapy in IBD.

Methods: PubMed, Embase, Web of Science, ClinicalTrials.gov, and Cochrane Library were searched from inception to August
2017. Only randomized, double-blind, placebo-controlled trials (RCTs) were included. The pooled estimate rates were performed by
meta-analysis and reported according to the standard Cochrane guidelines and the PRISMA statement.

Results: In ulcerative colitis study (3 RCTs, n=74), the induced rates of clinical remission and clinical response were 10.8% (4/37)
and 53.8% (21/39) in TSO group, while 6.7% (2/30) and 29.0% (9/31) in placebo group (all P> .26). Twenty-two (9/41) percent of
patients in TSO group experienced at least 1 adverse event compared with 27.3% (9/33) of placebo [relative ratio (RR) 0.75, 95%
confidence interval (95%CI) 0.17–3.27]. In Crohn disease study (3 RCTs, n=538), 40.7% (74/182) of patients in TSO group achieved
clinical remission compared with 42.9% (90/210) of placebo (RR 0.95, 95%CI 0.75–1.20); 45.9% (141/307) of patients in TSO group
entered clinical response compared with 45.1% (151/335) of placebo (RR 1.02, 95% CI 0.86–1.21). There were sparse data of
adverse events reporting both TSO and placebo group (RR 1.00, 95% CI 0.88–1.13).

Conclusion:TSO therapy showed no statistical benefit for IBD patients, so it suggested clinicians consider its value carefully before
putting into clinical practice. Perhaps continued investigations of larger sample size are necessary due to the previous results with
lack of power.

Abbreviations: 5-ASA = 5-aminosalicylic acid, CD = Crohn disease, CI = confidence interval, GMP = good manufacturing
practice, IBD= inflammatory bowel disease, PRISMA= Preferred Reporting Items for Systematic Reviews andMeta-Analyses, RCTs
= randomized, double-blind, placebo-controlled trials, RR = relative ratio, TSO = Trichuris suis ova, UC = ulcerative colitis.
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1. Introduction

Crohn disease (CD) and ulcerative colitis (UC) together consisted
of inflammatory bowel diseases (IBD), is a group of chronic
inflammatory disorders of the gastrointestinal tract, and the
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prevalence is increasing with industrialized development.
Although their underlying pathogenetic mechanism remains
incompletely clear, it is acknowledged that the abnormality of
immune regulation plays a pivotal role. Hence, IBD is referred to
as one of immune-mediated diseases.[2] In theory, CD is a kind of
Th1-mediated like disease and UC is a kind of Th2-mediated like
disease, respectively.[3] For past decades, the treatment of IBD has
been limited to sulphasalazine, 5-aminosalicylic acid (5-ASA),
corticosteroids, immunomodulators, and biologicals, empirically
employed to control the inflammatory disorder of IBD.[4–6]

It is known that environmental factors, including helminths
exposure and smoking, show close association with the risk of
developing IBD,[1,7] despite 18.8% and 50% of contribution
from genes to UC and CD, respectively.[8] For instance, in sub-
Saharan Africa where helminths of intestinal infestation were
frequent, the prevalence of IBDwas surprisingly low in these local
black populations; however, the incidence of these diseases is
approaching to white populations when African people immi-
grated in USA andUK, which cannot be explained only by genetic
factors.[9] In other words, helminths are seemed to be inversely
associated with the development of IBD.
About 10 years ago, the administration of Trichuris suis

ova (T. suis, TSO), eggs from the porcine whipworm that is
nonpathogenic in man, was promoted and used in 7 patients
with IBD.[10] The encouraging results demonstrated that TSO
treatment was effective for inducing clinical remission. More
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excitingly, TSO treatment could induce immune regulatory
circuits that impedes Th1 and possibly even aberrant Th2
responses,[11,12] which are benefit for modifying the immune
pathogenetic mechanism of IBD. To date, many observational or
randomized controlled studies have investigated the efficacy of
TSO treating IBD, which could provide a new insight into
treatment of IBD.[10,13–15] In addition to this, the potential
harmful effects of TSOmight attract another attention, especially
for gastroenterological physicians. In 2013, Sandborn et al[16]

have ever concentrated on evaluating the safety and tolerability of
TSO therapy in 36 patients with CD using a randomized placebo-
controlled trial (RCT). Now, other larger randomized, double-
blind, placebo-controlled trials are needed to confirm the efficacy
and safety of TSO treatment in IBD.
Although a previous meta-analysis of TSO for the treatment of

IBD has been conducted by Garg et al in 2014,[17] it only included
1 placebo-controlled RCT by Summers et al in 2005[15]; in
addition, not enough information on the safety were provided
because of limited data available. In recent 3 years, more double-
blind, placebo-controlled RCTs of TSO, but no larger ones, for
treating IBD have been reported. To assimilate these data, we
conducted a systematic review and meta-analysis to assess the
efficacy and safety of TSO therapy in IBD comparing to placebo.
2. Methods

A systematic review and meta-analysis was performed according
to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statements.[18]
Table 1

Characteristics of included trials in the meta-analysis.

Study (year,
country) Study design

Age, y
(No. of
patients)

Disease
type

M

Summers et al[14]

(2005, US)
Randomized, double-blind,

placebo-controlled study
18–72 (54) Ulcerative

Colitis
5-ASA, or
AZA, an

NCT01953354
(2015, US)

Randomized, double-blind,
placebo-controlled phase
II multi-center study

18–70 (16) Ulcerative
colitis

Oral cortic
immuno
and 5-A

NCT01433471
(2016, US)

Randomized, double-blind,
placebo-controlled study

18–65 (4) Ulcerative
colitis

Oral or rec
5-ASA,
derivati
corticos

Sandborn et al[16]

(2013, US)
Randomized, double-blind,

placebo-controlled
multicenter study

18–55 (36) Crohn
disease

Oral sulfas
prednis

Schölmerich et al[13]

(2017, Europe)
Randomized, double-blind,

placebo-controlled phase
II multi-center study

18–75 (252) Crohn
disease

5-ASA

NCT01576471
(2014, US)

Randomized, double-blind,
placebo-controlled phase
II multicenter study

18–65 (250) Crohn
disease

Oral or rec
5-ASA,
derivati
AZA, an

5-ASA=5-aminosalicylic acid, 6-MP=6-Mercaptopurine, AZA= azathioprine, PBS=phosphate buffer s
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2.1. Literature search and study selection

PubMed, Embase, Web of Science, ClinicalTrials.gov, and
Cochrane Library were searched for relevant studies from
inception to August 2017. The principal search key words and
MeSH headings used were as follows: Trichuris suis ova,
helminth, and IBD and its 2 subtypes. Articles in English were
reviewed and other languages excluded. In addition, a manual
search of references in the identified articles was performed to
identify any other potentially eligible trials.
Firstly, duplicates among all searched articles were identified

and removed by Endnote software. We included studies that met
the following criteria: only randomized, double-blind, placebo-
controlled RCTs were included, studies compared TSO therapy
with placebo, and outcomes included efficacy or safety. Studies
were excluded by the following exclusion criteria: studies without
full texts, or reviews; other helminths except fromT. suis ova; and
the outcomes of studies without efficacy or safety.

2.2. Data extraction

Full text articles that met inclusion criteria were reviewed and
data extraction by 2 authors (Xing Huang and Li-Rong Zeng).
All differences were resolved by discussions with other author.
Data extracted were as follows: authors, year, region, study
design, patient characteristics, number of patients, dose of TSO,
follow-up (Table 1), induction of clinical response and clinical
remission, the incidence and profiles of adverse events (including
abdominal pain, nasopharyngitis, nausea or vomiting, diarrhea,
fatigue, headache, etc) (Tables 2 and 3).
edications
permitted

Preparation
of TSO

Management
of TSO group

Follow
up

Jadad
scale

al prednisone,
d 6-MP

Stored at
5°C in PBS

Received 2500 TSO
orally biweekly for 12
wks

12 wks 4

osteroids,
suppressants,
SA

NA Receive 6 doses of
7500 TSO in liquid
suspension orally over
a 10-wk period

12 wks 5

tal sulfasalazine,
or mesalazine
ve, oral
teroid, AZA, or 6-MP

NA Receive 2500 TSO orally
biweekly for 12 wks

12 wks 5

alazine, 5-ASA, oral
one, AZA, or 6-MP

Placed into suspension
medium containing
phosphate buffer,
pH 5 and 0.05%
potassium sorbate
as antimicrobial
preservative.

Received a single oral
dose contained active
TSO in 15-mL
suspension medium

6 mo 5

Provided by
manufacturer

Received dosages of
250, 2500, or 7500
TSO in 15-mL
suspension medium
biweekly for 10
weeks.

12 wks 5

tal sulfasalazine,
or mesalazine
ve, oral prednisone,
d 6-MP

NA Receive 7500 TSO
biweekly for 10 wks

12 wks 5

aline, TSO=Trichuris suis ova.



Table 2

Profiles of adverse events (not including serious adverse events) developed when the treatment of Trichuris suis ova in inflammatory
bowel disease.

Profiles of adverse events
Crohn disease Ulcerative colitis

Placebo TSO 250 TSO 500 TSO 2500 TSO 7500 Placebo TSO 2500 TSO 7500

Blood and lymphatic system disorders 0 0 0 0 0 2 0 1
Anemia — — — — — 0 0 1
Lymphopenia — — — — — 2 0 0
Gastrointestinal disorders 38 9 5 24 57 17 11 4
Abdominal pain upper 1 0 0 2 7 — — —

Abdominal pain 21 1 1 10 23 5 3 1
Abdominal fullness 0 0 0 2 1 2 2 0
Constipation 0 1 0 1 1 — — —

Diarrhea 3 1 2 3 3 4 2 2
Dyspepsia 0 1 0 1 1 — — —

Hematochezia 0 2 0 1 0 — — —

Mucous stools 0 0 0 0 0 — — —

Nausea 11 2 1 4 17 — — —

Rectal hemorrhage 0 0 0 0 1 — — —

Vomiting 2 1 1 0 3 — — —

Excess flatulence — — — — — 2 2 0
Nausea/Vomiting — — — — — 2 1 0
Perianal pruritis — — — — — 2 1 0
Stomatitis — — — — — 0 0 1

General disorders 4 5 0 11 6 2 2 4
Asthenia 0 0 0 3 0 — — —

Condition aggravated — — — — — 0 0 1
Dysgeusia 1 0 0 0 1 — — —

Fatigue 1 1 0 3 1 2 2 1
Influenza like illness 0 2 0 1 0 0 0 1
Malaise 1 1 0 1 0 — — —

Pyrexia 0 1 0 2 3 0 0 1
Toothache 1 0 0 1 1 — — —

Otolaryngologic disorders 11 8 0 14 13 0 0 0
Laryngeal edema 0 0 0 1 0 — — —

Nasopharyngitis 10 6 0 9 11 — — —

Oropharyngeal pain 1 2 0 2 0 — — —

Sinusitis 0 0 0 2 1 — — —

Sinus congestion 0 0 0 0 1 — — —

Nervous system disorders 11 12 0 14 16 0 0 2
Dizziness 2 2 0 1 3 — — —

Headache 9 10 0 13 13 0 0 2
Respiratory, thoracic and mediastinal disorders 3 3 0 3 3 1 0 2
Cough 2 0 0 2 3 1 0 0
Dyspnea 1 3 0 1 0 — — –

Nasal congestion — — — — — 0 0 1
Rales — — — — — 0 0 1

Renal and urinary disorders 3 1 0 0 2 1 0 0
Urinary tract pain — — — — — 1 0 0
Urinary tract infection 3 1 0 0 2 — — —

Movement system disorders 8 7 0 10 13 0 0 0
Arthralgia 3 3 0 4 7 — — —

Back pain 5 3 0 5 4 — — —

Pain in extremity 0 1 0 1 2 — — —

Skin and subcutaneous tissue disorders 2 1 0 4 4 0 0 1
Alopecia 0 0 0 2 1 — — —

Eczema 1 0 0 1 1 — — —

Erythema nodosum 1 1 0 1 2 — — —

Macule — — — — — 0 0 1
Infections and infestations 0 0 0 0 0 0 1 2
Clostridium difficile infection — — — — — 0 1 1
Pharyngitis streptococcal — — — — — 0 0 1

Investigations 8 1 0 4 4 1 0 0
ALT increased 1 0 0 1 2 1 0 0
Glutamate dehydrogenase increased 1 0 0 1 2 — — —

Lymphocyte count decreased 3 1 0 1 0 — — —

Neutrophil count increased 3 0 0 1 0 — — —

Other 2 0 0 1 2 0 0 0
Dysmenorrhea 2 0 0 1 2 — — —

ALT= alanine aminotransferase, TSO=Trichuris suis ova.
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Table 3

Profiles of serious adverse events developed when the treatment
of Trichuris suis ova in Crohn disease.

Profiles of serious adverse events Placebo TSO 7500

Total, all-cause mortality 0 0
Total, serious adverse events 6 3
Gastrointestinal disorders
Food poisoning 1 0
Small intestinal obstruction 1 0

Infections and infestations
Abscess intestinal 0 1
Pyelonephritis 0 1

Renal and urinary disorders
Calculus ureteric 1 0
Hydronephrosis 1 0

Vascular disorders
Vein disorder 1 0

TSO=Trichuris suis ova.

Huang et al. Medicine (2018) 97:34 Medicine
2.3. Data synthesis and analysis

To assess TSO therapy, the outcomes of efficacy were pooled
estimates of clinical remission and clinical response after TSO
therapy for IBD patients. The outcome of safety was the incidence
of total side effects.
Figure 1. Identification pr

4

We estimated aforementioned outcomes using the fixed or
random effects model. Relative ratios (RRs) with 95% confidence
intervals (95% CIs) as pooled estimates of efficacy and safety
were calculated using an intention-to-treat analysis. Heterogene-
ity between studies was examined by Q test and I2 statistic with
I2>50% representing substantial heterogeneity. All statistical
analyses were performed using STATA 11.0 software (Stata
Corporation, College Station, TX).
Meta-analysis is a systematic review based on previous studies

and the ethical approval is not necessary.
3. Results

The literature search yielded a total of 384 records from 5
databases, of which 83 records were duplicates. These remaining
301 records were screened on the basis of selection criteria. Of the
21 potentially relevant clinical trials, 15 were removed due to
specified reasons in Fig. 1. Among these removed trials, 1 trial
(NCT03079700) reported no data on efficacy and safety; 2
published articles were also registered in ClinicalTrials.gov
(NCT01434693 and NCT01279577).[13,16] Two observational
studies by Summers et al[10,14] were excluded from this meta-
analysis. Finally, 6 RCTs including 3 trials registered in
ClinicalTrials.gov (NCT01953354, NCT01576471, and
ocess for eligible trials.



[13,15,16]

Figure 2. Pooled estimates of Trichuris suis ova therapy in ulcerative colitis compared with placebo in meta-analyses. Efficacy of Trichuris suis ova therapy includes
the induction of remission and response, respectively.

Huang et al. Medicine (2018) 97:34 www.md-journal.com
NCT01433471) evaluating the efficacy and safety of
TSO therapy in IBD patients were included in this meta-analysis.

3.1. Study characteristics

These RCTs all involving adult patients were published between
2005 and 2017, all of which were conducted in Europe and
5

United States. There were all randomized, double-blind, placebo-
controlled trials, of which 4multicenter trials were included (such
as NCT01953354 and NCT01576471).[13,16] In TSO groups,
IBD patients received one of four doses of TSO (such as 250 ova,
500 ova, 2500 ova, or 7500 ova) orally biweekly for more than
10 weeks. In addition, patients who were under TSO therapy
were rechecked by colonoscopy or stool test for whether existing

http://www.md-journal.com


Huang et al. Medicine (2018) 97:34 Medicine
ova or parasites during the follow-up. The characteristics of 6
RCTs are summarized in detail in Table 1.
3.2. Efficacy and safety of TSO therapy in inflammatory
bowel disease

Efficacy was regarded as whether achieved clinical remission or
clinical response after TSO therapy. In addition, the sparse data of
adverse events during follow-up period can be reported, such as
abdominal pain, nasopharyngitis, nausea or vomiting, diarrhea,
fatigue, headache, etc (Tables 2 and 3). If at least 1 adverse event
occurred, itwas regarded as total side effects.Of note, noworms or
ovawere identified in stools or endoscopy during the study period,
even though being under TSO therapy.[13,15,16]
3.3. TSO therapy in ulcerative colitis

Three RCTs of UC (n=74 patients) were eligible. In the UC
study, patients took 2500 TSO or 7500 TSO orally biweekly for
12 weeks. The induced rates of clinical remission and clinical
response were 10.8% (4/37) and 53.8% (21/39) in TSO group,
while 6.7% (2/30) and 29.0% (9/31) in the placebo group (RR
1.64 and 1.66, 95% CI 0.32–8.34 and 0.69–4.03, respectively,
Fig. 2A).
In total, 22 different adverse events were monitored and

reported in 3 RCTs of UC (Fig. 3A). The total side effects
occurred in 22.0% (9/41) of patients in TSO group compared
with 27.3% (9/33) of patients in placebo (RR 0.75, 95%CI 0.17–
3.27, Fig. 2B). Moreover, none of the severe adverse events was
reported in TSO therapy of this study.

3.4. TSO therapy in Crohn disease

In the CD study (3 RCTs, n=538 patients), 40.7% (74/182) of
patients in the TSO group achieved clinical remission compared
with 42.9% (90/210) of placebo (RR 0.95, 95% CI 0.75–1.20);
45.9% (141/307) of patients in the TSO group entered clinical
response compared with 45.1 (151/335) of placebo (RR 1.02,
95% CI 0.86–1.21) (Fig. 4A).
In the CD study, 39 adverse events (including 7 serious adverse

events) were reported (Fig. 3B). Fifty-two (175/334) of patients in
TSO group experienced at least 1 adverse event compared with
Figure 3. Profiles of adverse events when Trichuris

6

53.9% (195/362) of placebo (RR 1.00, 95% CI 0.88–1.13,
Fig. 4B).
3.5. Heterogeneity

There was no heterogeneity between trials of CD (I2=0%), while
moderate heterogeneity (I2=62.1%) existed in data of clinical
response of UC studies. Due to only 2 studies included, sensitivity
analysis was not further conducted for clinical response.
4. Discussion

In the present study, we found that the absolute rate on efficacy in
patients with UC treated by TSO is high, and the absolute rate of
adverse events in patients exposed to TSO therapy is lower.
However, these differences did not reach statistical significance
on meta-analysis. Similarly, TSO therapy was not superior to
placebo was also found in CD patients.
Given that these RCTs included a small number of patients

with IBD, especially UC, so, a meta-analysis was needed to
demonstrate the effectiveness of TSO therapy. This meta-analysis
was performed using all available literature sources to date and in
accordance with the recommendations of the Cochrane Collab-
oration. However, several limitations in our meta-analysis should
be mentioned. First, few studies were included, and only
published data were analyzed, despite large searches on data-
bases. Some data may have been missed, which would result in
conclusions lacking power. Second, biases in patient selection
and differences in TSO dosage may influence the final results in
terms of efficacy and safety. Besides, our meta-analysis could not
draw a conclusion regarding TSO dosage due to the limited data.
Third, most studies included in our meta-analysis had a short
follow-up time of 12 weeks, which might be not enough to
observe the effect of TSO therapy. Further research is therefore
required to elucidate the long-term efficacy of TSO therapy in
IBD. Finally, adverse events reporting was sparse or sporadic,
which precluded further meta-analysis for the incidence of a
specific adverse event.
To our knowledge, IBD probably results from an inappropri-

ately vigorous immune response to contents of the intestinal
lumen based on genetic susceptibility, which breaks the balance
between Th1-like and Th2-like cytokines. However, not all
suis ova therapy in inflammatory bowel disease.



Figure 4. Pooled estimates of Trichuris suis ova therapy in Crohn disease compared with placebo in meta-analyses. Efficacy of Trichuris suis ova therapy includes
the induction of remission and response, respectively.

Huang et al. Medicine (2018) 97:34 www.md-journal.com
intestinal microbes do harmfully. When helminths carried in CD
patients whose disorder is mediated through Th1 and Th17 cells,
the host evokes a strong Th2 immune response including release
of Th2 cytokines such as interleukin (IL)-4, IL-5, and IL-13.[19]

Helminths regulate their host’s immune system and prevent
excessive immune responses.[7] For example, products of T. suis
induce immune response to protect the barrier function and
suppress inflammatory cytokine production in intestinal epithe-
lial cells.[20–23] Therefore, the administration of TSO has a
7

potential efficacy for CD patients due to its counteraction to the
aberrant Th1/Th17 response. Similarly, TSO therapy could also
induce immune regulation for aberrant Th2 responses associated
with UC.[11,12] Clinical trials have revealed encouraging
evidences on efficacy when therapeutic use of TSO in IBD
patients.[13,15,16] Epidemical data demonstrated that loss of
exposure to helminths during childhood could lead to an
increased risk of immune diseases, such as IBD.[6,20] In all, TSO
therapy could activate immune regulations to be beneficial for

http://www.md-journal.com
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IBD patients, because its therapeutic mechanism is partly
converse to the pathogenesis of IBD. However, our study did
not find the positive results. There are many possible explan-
ations for no statistical difference on efficacy in IBD patients
exposed to TSO therapy compared with placebo. First, the
excreted/secreted products of T. suis, may not its eggs, could
regulate their host’s immune system.[23,24] Furthermore, T. suis, a
porcine whipworm, has the differences in morphology, exoge-
nous, and endogenous development from T. trichiura of man.[25]

However, using human helminths may have disease potential or
raise public health concerns. Second, the quality and dosage of
TSO have an important impact on effectiveness in IBD.[26] Only
the fully embryonated eggs that contain distinct larvae have the
potential to hatch and invade the intestinal mucosa, which is
believed to be the key factor activating immune regulations.[26]

Eggs without visible larvae do not have this effect, and therefore,
the concentration of embryonated eggs in suspension medium is
essential for the dosage of the pharmaceutical effect.[27] Finally,
positive results may be observed if the sample size is larger and
follow-up time is longer.
As for its safety, it may be of more concern for us, but less is

known. Therefore, this meta-analysis was conducted for better
understanding of it. The results demonstrated that TSO therapy
in IBD did not improve the risk of developing adverse events
compared with placebo. In the profiles of adverse events,
gastrointestinal signs and symptoms were the most common in
both CD and UC patients. In addition, CD patients were more
susceptible to these adverse events by TSO therapy than UC
patients. Fortunately, less serious adverse events or no all-cause
mortality of TSO therapy occurred. Of note, no worms or ova
were identified in stools or endoscopy during the study period.
Overall, TSO therapy was well tolerated in IBD patients.
In addition, the TSO are eggs of the porcine whipworm, a

parasitic animal. TSO treatment to IBD cannot help to raise other
safety concerns, such as parasitism.[28] The natural host of T. suis
is pig, not humans, although it could be capable of colonizing a
human host for several weeks, and no diseases developed when
human volunteers were exposed to the living TSO.[25] Clinical
studies verified that worms or ova were not found in stools or
endoscopy during the study period.[13,15,16] Also raised is the
question of whether administration of helminth ova contaminat-
ed by other pathogens promote the coinfection of these
pathogens, such as secondary bacterial infection. It is not
possible because these ova are usually collected, washed
extensively, and incubated as well as stored in specific
pathogen-free environment. Furthermore, the development of
TSO is requested under good manufacturing practice (GMP) and
appropriate safety testing by the United States Food and Drug
Administration.[29] Thus, the risk of contaminating the TSOwith
other infections is removed.
In theory, TSO therapy provides a new immunopathology for

treating IBD patients. However, TSO therapy in IBD patients had
no statistically or clinically significant effect in this meta-analysis.
The dosage of TSO or treatment duration may have an influence
on efficacy. In addition, these results based on 3 studies only had
to be interpreted carefully. Furthermore, the limited sample size
of the available studies mean that future studies are needed with
much larger samples to ensure more reliable findings.
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