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Abstract

Objective: This systematic review and meta-analysis was conducted to evaluate the overall effect of direct-fed microbials (DFM) or
probiotics on intestinal villus height in broiler chickens. Materials and Methods: Relevant studies were collected by searching PubMed,
SCOPUS, Poultry Science Journal and Google Scholar. Studies of randomized or non-randomized controlled trials were included using
DFMin broiler chickens and reporting intestinal villus height (VH) (the primary outcome), crypt depth (CD) or villus height-to-crypt depth
(VH/CD) ratio. The overall effect on intestinal VH, CD or VH/CD was evaluated using the standardized mean difference (SMD) with a
random effects meta-analysis. Subgroup analysis for the VH was planned a priori for 6 characteristics (broiler breed, sex, DFM product,
microbial species, duration of treatment and application route). In addition, study quality (using SYRCLE's risk of bias tool) and publication
bias were evaluated. Results: A total of 25 studies were identified (with a total of 296 comparisons) that met the inclusion criteria.
Supplementation of DFMfor broiler chickens was associated with increased VH in the smallintestine (SMD = 3.38,95% confidence interval
(C1) (2.69,4.06), p<0.001, 1> = 92,n =113 comparisons) and with greater VH/CD ratio in the small intestine (SMD = 2.73,95% Cl (2.09, 3.36,
p<0.001, 1> = 91,n = 87 comparisons). In subgroup analysis for the VH, significant differences among subgroups were found in
5 characteristics (broiler breed, DFM product, microbial species, duration of treatment and application route). Most studies were presented
with unclear risk of bias. Publication bias was also observed. Conclusion: Supplementation with DFM for broiler chickens was associated
with increased intestinal villus height.
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INTRODUCTION

Direct-fed microbial (DFM) products are defined as
products containing live (viable) microorganisms (bacteria
and/or yeast) (https://www.fda.gov/ICECI/Compliance
Manuals/CompliancePolicyGuidanceManual/ucm074707.
htm) and have been under extensive investigation as potential
replacements for antibiotics as growth promoters in livestock
species, including broiler chickens'. DFM may be considered
beneficial microorganisms? or probiotics, which confer a
health benefit on the host when administered in adequate
amounts (http://www.fao.org/3/a-a0512e.pdf). Although the
exact mechanisms for these health benefits have not been
fully understood, several beneficial mechanisms for DFM or
probiotics have been proposed, including modification of the
gut microbiota, modulation of the immune system,
production of antimicrobial substances, competitive exclusion
for pathogens on the gut mucosa and strengthening of the
gut epithelial barrier**. The gut of the broiler chicken is a
complex organ, composed primarily of the small intestine
(duodenum, jejunum and ileum), which interacts with
tremendous quantities of gut microbiota. The mucosa where
nutrient absorption occurs consists of epithelial lining cells
resting on specialized mucosal structures called “villus” and
“crypt”. The villus is a repetitive formation protruding into the
intestinal lumen; the crypt, located on each side of the villus,
is an invagination of the epithelium. In chicks, the
development of the villus and crypt is clearly observed in the
post-hatch period®s, The villus is considered to be a
specialized structure for increasing absorptive surface area.
Therefore, in many nutritional trials in broiler chickens, the
villus height (VH) is measured histologically to indicate an
increased surface area for nutrient absorption”®. The results
from previous studies of DFM on intestinal villus height
showed controversial evidence. Many studies showed that
supplementation with DFM was associated with increased VH
or increased villus height-to-crypt depth (VH/CD) ratio in
broiler chickens”'" but some studies did not'>'3. Therefore, this
systematic review and meta-analysis was conducted to
evaluate the overall effect of DFM on mucosal intestinal
morphology in broiler chickens and to explore factors
associated with result heterogeneity.

MATERIALS AND METHODS

Review protocol: To minimize bias during the course of this
study, a study protocol was developed using SYRCLE's
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protocol format. The protocol of this study is available as
supporting information. Deviation from the protocol was
indicated in the relevant sections.

Information sources and search strategy: Relevant studies
were identified from the PubMed, Scopus, Poultry Science
Journal and Google Scholar databases with the keywords:
probiotic, direct-fed microbial, intestine and chickens. An
example of search algorithm from PubMed is as follows:
((("probiotics" [MeSH Terms] OR "probiotics" [All Fields] OR
"probiotic" [All Fields]) OR (direct [All Fields] AND fed [All
Fields] AND microbial [All Fields])) OR ("intestines" [MeSH
Terms] OR "intestines" [All Fields] OR "intestine" [All Fields]))
AND ("chickens" [MeSH Terms] OR "chickens" [All Fields] OR
"chicken" [All Fields]). This study was limited to articles in the
English language. The last search was completed on May 19,
2016.

Eligibility criteria and study selection: Study eligibility was
assessed with two screening steps by two independent
reviewers. In the first step, the title and abstract was assessed.
If the title and abstract passed the first screening, the full-text
was assessed. The criteria of study selection for included
studies were as follows: (1) Randomized or non-randomized
controlled trials using DFM as intervention in broiler
chickens, (2) Outcome reporting containing VH, CD or
VH/CD ratio in duodenum, jejunum or ileum of the small
intestine. Studies were excluded with the following criteria:
(1) Reviews and duplicated articles, (2) Not about broiler
chickens, (3) Trials with no control groups, in vitro or inovo
studies, (4) Non-viable DFM or treatments other than DFM
(e.g., prebiotic, symbiotic, enzymes) or a combination of DFM
with other products, (5) Incomplete outcomes data reportand
(6) Trials with disease challenges or antimicrobial products.
The PRISMA flow chart of systematic review was used to
summarize the study selection.

Study characteristics and data extraction: Two independent
reviewers extracted the available data from the included
studies. In each study, the following information was
collected: (1) Bibliographic data (author’s name, publication
year), (2) Study design (number of animals, number of
treatments and replications, number of birds/pen or
block), (3) Animal model characteristics (broiler breed, sex,
number of samples for histological outcomes/group (n),
(4) Intervention characteristics (DFM species and strains,
product classifications, administrative doses, application
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frequency and route, duration of treatment) and (5) Outcome
measurements (VH, CD or VH/CD ratio of duodenum, jejunum
or ileum of the small intestine). Any inconsistencies were
resolved by discussion.

Risk of bias assessment for included studies: Two
independent reviewers screened and judged the risk of
bias for the included studies using SYRCLE's risk of bias
tool'. These reviewers screened and judged the risk of
bias based on these criteria. The reported details of each
included study were evaluated under 10 domains for risks
of bias, including: Selection bias (domain 1, 2 and 3),
performance bias (domain 4 and 5), detection bias
(domain 6 and 7), attrition bias (domain 8), reporting bias
(domain 9) and other (domain 10)'. Each domain was sorted
into three categories: “yes” was indicated for the low risk of
bias, “no” for the high risk of bias and “?” for the unclear risk of
bias.

Outcome measures and statistical analysis: The primary
outcome was a standardized mean difference (SMD) of
VH in the small intestine; the secondary outcome was an
SMD of CD and of VH/CD ratio. SMD was calculated as a
mean divided by its standard deviation (SD). Comprehensive
Meta-Analysis software version 3 (Biostat, Englewood, NJ,
USA) was used to analyze the data. If the studies reported
standard error (SE) or standard error of mean (SEM) values
for the outcomes, these values were converted to SD. A
random effects model was used to analyze the outcomes
to obtain an overall or individual effect size with 95%

searching (PubMed and scopus)
(n=15, 987)

Records identified through database

A\ 4

confidence intervals™. Heterogeneity of included studies
was evaluated using the Q statistic and quantified via the
1> statistic. The percentage of 1’<25%, 50-75% and >75%
indicated low, medium and high heterogeneity, respectively's.
Subgroup analyses were planned a priori for some
characteristics (broiler breed, sex, DFM product, microbial
species, duration of treatment and application route). To
reduce the number of subgroups and make subgroup
interpretation easy, the outcomes from each intestinal
segment were combined to represent the overall small
intestine of the broiler chickens. Subgroup analyses were
performed only if each subgroup contained at least 4 studies'’.
Sensitivity analyses were conducted to assess the
robustness of the results based on decision making (model
selection (random versus fixed), study inclusion (effect of
an individual study), outcome measurement (pooling
outcomes across intestinal segments versus not pooling))
during the process of the systematic review. Publication bias
was assessed visually via funnel plot and was tested
formally using Egger and Begg's test, with a p-value <0.10
indicating publication bias'. Cumulative meta-analysis over
time was also conducted, although it was not planed in the
protocol.

RESULTS

Search results and study selection: A total of 15987
citations published between 1914-2016 were identified.
Of 15987 citations, 5520 citations were duplicated and
10405 citations were excluded with justification after the
titles and abstracts were screened (Fig. 1). As a result,

Duplicates removed by title,

y

author and journal (n = 5,520)

(n=10,467)

Records after duplicates removed

!

Records screened on title

and abstract
(n=10,467)

v

Full-text articles assessed
for eigibility

Records excluded (n = 10405):
chalenge n = 144, no abstract
n =1, no outcomesn = 474,
not broiler n =104 no, DFM-pro
n= 2,080, report n =8 review n = 157,
irrdevancen = 7,437

(n=62)

Studiesincluded for data
extraction
(n=25)

v

A 4

Full-text articles excluded, with
reasons (n = 37) challengetrialsn =11,
combined product n = 3, non-viable
microbialsn = 8, not applicable data
n=9, cointerventionn=>5,
non-englishn=1

Of 25 studies, atotal of 296

synthesis (meta-analysis)

compari sons used in quantitative

Fig. 1: A flow diagram of study selection
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Table 1: Summary of effects of DFM supplementation on intestinal mucosal morphology

Effect size® Heterogeneity

Outcomes n SMD 95% Cl p-value Q p-value 12
VH

Duodenum 37 3.59 2.33,4.85 <0.001 409.85 <0.001 91
Jejunum 27 3.97 2.57,5.36 <0.001 308.07 <0.001 92
lleum 49 294 1.93,3.94 <0.001 649.43 <0.001 93
Overall 113 3.38 2.69, 4.06 <0.001 1385.80 <0.001 92
(&)

Duodenum 32 0.05 -0.90, 0.99 0.924 302.25 <0.001 90
Jejunum 22 1.33 0.02,2.63 0.046 245.54 <0.001 91
lleum 42 -0.76 -1.56,0.05 0.065 441.29 <0.001 91
Overall 96 -0.10 -0.66, 0.45 0.714 1018.88 <0.001 91
VH/CD ratio

Duodenum 31 3.02 1.84,4.20 <0.001 346.60 <0.001 91
Jejunum 21 2.51 1.50,3.51 <0.001 17233 <0.001 88
lleum 35 2.73 1.60, 3.87 <0.001 446.71 <0.001 92
Overall 87 2.73 2.09,3.36 <0.001 966.00 <0.001 91

CD: Crypt depth, Cl: Confidence interval, SMD: Standardized mean difference, VH: Villus height, VH/CD: Villus height-to-crypt depth ratio, n® Number of comparisons,

bEffect sizes were estimated from a random effects model

62 full-text articles were assessed for eligibility. Of
these, 25 articles (with a total of 296 comparisons) were
included for data extraction and  meta-
ana|ySiS7'1O'12'13'19_39.

Study characteristics of included studies: The detailed
characteristics of all included studies were described. The
25 included studies were published from 2005-2016 and
had a total of 296 comparisons. Of these 25 studies,
almost all studies (24 studies) reported randomized controlled
trials. However, reports of blind outcome assessment were
foundin only one study. Ross was the most studied breed
(16/25 studies). Male chicks were frequently used in the
experiments (14 studies) and 11 studies did not report the
sex of the experimental chicks. Commercial DFM products
were used in 13 studies. The concentrations of microbials
used ranged from 10>-10'°CFU kg~' and the microbials were
typically administered mixed into feed (23 studies). A
duration of treatment of <21 days was found in 4 studies,
while 21 studies showed a treatment duration of >21 days. Of
the 25 studies, 15 studies reported outcome measurements
for duodenum, 12 studies for jejunum and 25 studies for
ileum.

Primary analysis: The results of meta-analysis for the VH, CD
and VH/CD ratio between the DFM and control groups were
summarized in Table 1.

Effect of DFM on VH: Supplementation of DFM was associated
with increased VH in the overall small intestine of broiler
chickens (SMD = 3.38, 95% Cl [2.69, 4.06], p<0.001,n=113
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comparisons) with high heterogeneity (Q = 1385.80, p<0.001,
1> =92%). Overall effects of DFM on VH in each small intestinal
segment (duodenum, jejunum and ileum) were reported in
Table 1.Inthe duodenum, of 37 comparisons, 23 comparisons
favored DFM but only 5 comparisons favored the control
(Fig. 2).In the jejunum, of 27 comparisons, 19 comparisons
favored DFM but only 2 comparisons favored the control
(Fig. 3). In the ileum, of 49 comparisons, 32 comparisons
favored DFM but only 6 comparisons favored the control
(Fig. 4). There was no significant difference in the effect
magnitude of DFM between small intestinal segments
(p=0.464).

Effect of DFM on CD: Compared with control groups,
DFM did not significantly alter CD in the overall small
intestine of broiler chickens (SMD = -0.10, 95% CI[-0.66,
0451, p = 0714, n = 96 comparisons) with high
heterogeneity (Q = 1018.88, p<0.001, I* = 91%). The
overall effects of DFM on CD in each small intestinal
segment (duodenum, jejunum and ileum) were reported
in Table 1. A significant difference was seen in the impact
of DFM on CD between small intestinal segments
(p = 0.027). That is, although DFM did not significantly
alter CD in the duodenum and ileum, DFM was associated
with increased CD in the jejunum (SMD = 1.33, 95% Cl
[0.02, 2.63], p = 0.046, n = 22 comparisons). Forest
plots of the magnitude of DFM'’s effect on the CD variable are
available in the supporting information.

Effect of DFM on VH/CD ratio: Supplementation of DFM

was associated with an increased VH/CD ratio in the
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Statistics for each study
Standard

Study name ?gfg;:f: I]m? LIJI?npﬁr z-value p-vaue Standard difference in means and 95% Cl
Afsharmanesh and Sadaghi®  5.19 3.14 7.23 4.97 0.000 ——
Afsharmanesh et al.® 6.77 422 9.31 5.22 0.000 — B
Awad et al.” 3.10 180 440 4.67 0.000 -
Awad et al.” 310 1.26 4.94 3.30 0.001 ——
Ghoshetal.” 393  -561 -225  -459 0.000 ——
Kimetal.” 401 231 571 4.62 0.000 ——
Kimetal.” 6.60 411 9.09 5.20 0.000 —
Kimetal.” 6.13 3.79 8.47 5.14 0.000 ——>
Lecetal” -11.37  -1800  -4.74 -3.36 0.001 <
Leeetal” -830 -1326  -334 -3.28 0.001 =
Leeetal” 5.89 219 9.59 312 0.002 — B
Leeetal” 166  -020 352 1.75 0.080 —il—
Leeetal” 1651 703 2599 341 0.001 >
Lecetal” 0.66 -0.98 231 0.79 0.429 ——
Leeetal” 9.71 399 1543 333 0.001
Leeetal” -1071  -1697  -4.44 -3.35 0.001 &—
Lecetal” 17.43 744 2742 3.42 0.001 >
Leietal” 2325 1514 3137 5.62 0.000 >
Leietal” 3009 1962 4056 5.63 0.000 >
Leietal” 5.68 3.48 7.88 5.06 0.000 +—l—
Leietal” 14.19 918  19.21 5.55 0.000 >
Markovic et al.” 1.87 051 3.23 2.70 0.007 -
Senetal 6.96 436 957 5.24 0.000 —Y
Senetal. 8.64 549  11.78 5.38 0.000 —>
Senetal.’ 8.08 511 1104 534 0.000 —>
Sharghetal.’ -2.69 -460  -0.78 2,75 0.006 ——
Sharifi etal 097 -006 201 184 0066 H +
Taheri etal.® 6.58 307 1009 3.67 0.000 ——
Taheri et al.” 2.89 0.91 4.87 256 0.004 —
Taheri et al.® 471 2.02 7.40 343 0.001 —i—
Taheri et al.” 11.44 567 17.22 3.88 0.000 —>
Tsirtsikoset al.* -0.35 -1.96 1.26 -0.43 0.669
Tsirtskoset al.* -0.42 -2.03 120 -0.50 0.614
Tsrtskoset al.” -0.09 -1.69 151 -0.11 0.912
Tsirtsikoset al.” 0.74 -0.92 2.39 0.87 0.383
Tsrtskoset al.* -0.57 -2.20 1.06 -0.69 0.493
Tsirtskoset al.” -0.05 -1.66 155 -0.07 0.946

359 233 485 558  0.000 <P

-800  -4.00 0.00 4.00 8.00
Favor control Favor DFM

Fig. 2: Forest plot for the effect of DFM supplementation on villus height in duodenum of broiler chickens, calculations were

based on a random effects model

overall small intestine of broiler chickens (SMD = 2.73,
95% Cl [2.09, 3.36], p<0.001, n = 87 comparisons) with
high heterogeneity (Q = 966.00, p<0.001, I> = 91%). The
overall effects of DFM on the VH/CD ratio in each small
intestinal segment (duodenum, jejunum and ileum) are
reported in Table 1. There was no significant difference in the
impact of DFM on the VH/CD ratio between small intestinal
segments (p = 0.807). Forest plots of the magnitude of DFM's
effect on the VH/CD ratio are available in the supporting
information.
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Subgroup analysis: Subgroup analyses for 6 characteristics
(breed, sex, product, microbial species, duration of treatment
and application route) were performed on the primary
outcome, VH (Table 2). Significant differences among
subgroups were seen in 5 characteristics: Breed, product,
microbial species, duration of treatment and application route.
For breed, the effect of DFM on the VH of the small intestine
was greatest in Arbor Acres (SMD=11.23,95% CI [8.29, 14.17],
p< 0.001, n = 14 comparisons). However, the effect was not
statistically significant in Cobb (SMD = 0.42, 95% Cl [-0.37,
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Standard Statistics for each study

difference Standard difference in means and

Study name in means Lower limit Upper limit z-value p-value 95% Cl
Abudaboset al * 724 4.55 994 527  0.000 —u
Afsharmanesh and Sadaghi® 2.83 1.44 421 4.00 0.000 —
Afsharmanesh et al.* 3.26 177 4.76 4.28 0.000
Chichlowski et al.* 3.30 2.30 431 6.45 0.000 _—=|~_
Ghoshetal.” 1.17 0.11 2.23 2.16 0.031 -l
Kimetal.” -0.28 -1.27 0.70 -0.56 0.574
Kimetal.” -1.69 -2.84 -0.55 -291 0.004 —II
Kimetal.” -0.85 -1.87 0.18 -1.62 0.104
Leeetal” -5.48 -8.97 -1.99 -3.08 0002 K—l—
Leeetal” 1312 553 20.72 3.39 0.001 —
Leeetal” 37.20 16.09 58.30 3.45 0.001
Leeetal” 22.29 958 35.01 344  0.001
Leeetal” 4981 2158 78.04 3.46 0.001
Leeetal” 2854 12.31 44.76 3.45 0.001
Leeetal” 38.09 16.48 59.70 3.45 0.001
Leeetal” 22,68 9.75 35.60 3.44 0.001
Leeetal” 32.99 14.26 5173 3.45 0.001
Leietal® 12.89 831 17.46 553 0.000
Leietal” 22,04 1434 2973 5.61 0.000
Leietal® 3.82 217 5.47 455 0.000 ——
Leietal® 6.03 372 8.34 834  0.000 1
Shargh et al.” -1.30 -2.83 0.22 -1.67 0.094 —
Sharifi etal.™ 0.82 -0.20 1.84 157 0.115 -
Taheri et al.” 153 -0.05 311 1.90 0.057 —l—
Taheri et al.” -0.27 -1.66 113 -0.38 0.707 -
Taheri et al ® 453 1.92 7.15 3.39 0.001
Taheri et al.® 6.67 3.12 1022 3.68 0.000
3.97 257 5.36 5.58 0.000

-800 -400 000 4.00 8.00
Favor control Favor DEM

Fig.3: Forest plot for the effect of DFM supplementation on villus height in jejunum of broiler chickens, calculations were based
on a random effects model

Table 2: Subgroup analyses for the effects of DFM supplementation on VH of the small intestine in broiler chickens

Effect size Heterogeneity p-value for
subgroup

Subgroup n SMD 95% Cl p-value Q p-value 12 difference
Breed®
Arbor Acres 14 11.23 8.29,14.17 <0.001 209.81 <0.001 94 <0.001
Cobb 14 0.42 -0.37,1.21 0.293 45.20 <0.001 71
Ross 53 3.09 225,392 <0.001 672.53 <0.001 92
Unknown 30 537 2.86,7.88 <0.001 376.18 <0.001 92
Sex
Both sexes 4 3.28 144,512 <0.001 13.10 0.004 77 0.921
Male 56 3.51 2.65,4.38 <0.001 602.56 <0.001 91
Unknown 53 323 2.10,4.37 <0.001 742.53 <0.001 93
Product
Commercial 44 2.09 1.27,2.92 <0.001 493.61 <0.001 91 <0.001
Non-commercial 42 471 3.61,5.82 <0.001 610.41 <0.001 93
Unknown 27 7.66 4.31,11.01 <0.001 275.10 <0.001 91
Species
Multiple 44 1.58 0.88,2.27 <0.001 383.07 <0.001 89 <0.001
Single 42 5.54 4.28,6.80 <0.001 686.37 <0.001 94
Unknown 27 7.66 4.31,11.01 <0.001 275.10 <0.001 91
Duration of treatment
21< 44 5.82 4.08,7.56 <0.001 588.71 <0.001 93 0.002
>21 69 2.93 2.24,3.61 <0.001 794.41 <0.001 91
Application route
Feed 81 3.42 272,413 <0.001 1064.80 <0.001 92 0.005
Feed and gavage 27 7.66 4.31,11.01 <0.001 275.10 <0.001 91
Water 5 0.92 -1.39,3.22 0.434 45.44 <0.001 91

Cl: Confidence interval, SMD: Standardized mean difference, n?: Number of comparisons, "Two comparisons of hybro breed were excluded from the subgroup analysis

408
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Statistics for each study

Standard difference

Standard difference in means

Study name in means Lower limit Upper limit ~ z-value  p-value and 95% ClI
Abudaboset al * 213 0.90 3.36 340 0.001 -
Afsharmanesh and Sadaghi® 4.24 248 6.01 471 0.000
Afsharmanesh et al 3.86 2.20 551 4.56 0.000
Agboolaet al.” 1.19 0.32 2.06 2,69 0.007 .
Awad et al.* -2.88 -4.14 163 -4.52 0.000 -
Beski and Al-Sardary® 2.78 1.19 436 343 0.001 —
Beski and Al-Sardary™ 1.82 0.48 317 2,65 0.008 —
Chichlowski et al ™ -4.34 -5.53 314 711 0.000 -
Ghoshetal.” -0.77 -178 0.25 -1.48 0.138 .
Kimetal.” 457 271 6.43 484 0.000
Kimetal.” 6.85 4.28 9.42 5.23 0.000 —i
Kimetal.” 7.87 497 10.76 5.32 0.000 —N
Leeetal” -8.88 -14.16 361 -3.30 0.001
Leeetal” -8.32 -13.29 335 -3.28 0.001
Leeetal” -2.84 -5.10 057 -2.45 0.014 ——
Leeetal” 8.88 3.61 14.16 3.30 0.001
Leeetal” 7.18 2.82 1155 322 0.001 |
Leeetal” 9.26 3.78 1474 331 0.001
Leeetal ” 3554 15.37 55.71 345 0.001
Leeetal” 47.45 20.55 74.34 346 0.001
Leeetal ” 32.33 1397 50.68 345 0.001
Leietal” 20.61 1340 27.82 5.60 0.000
Leietal.” 2741 17.86 36.96 5.63 0.000
Leietal” 8.37 531 11.43 5.36 0.000 —
Liuetal.” 1.8 0.16 344 2.15 0.032 ——
Markovic et al.* 0.60 -0.50 176 1.02 0.306 -
Onderci et al.” 3.16 1.84 447 471 0.000 i
Onderci et al.” 353 353 4.93 4.94 0.000 ——
Sdimetal” 44.62 13.64 75.60 2.82 0.005
Sdimetal ™ 7248 2222 122.74 2.83 0.005
Senetal’ 6.51 405 8.97 5.19 0.000 —l
Senetal.’ 837 531 11.43 5.36 0.000 —
Senetal. 8.84 5.62 1205 5.39 0.000 —
Shargh et al.” 1.64 0.04 324 201 0.005 i
Sharifi etal.* 0.00 -0.98 0.98 0.00 1.000
Taheri etal ™ 481 2.08 755 345 0.001 — i
Taheri etal” 11 -0.38 260 146 0.144
Taheri etal.” 2.50 0.65 435 2.65 0.008 —l
Tsirtsikoset al.” 0.2 -1.38 183 0.27 0.786
Tdrtskoset al.* 0.48 -115 210 0.58 0.564
Tsirtsikoset al.” 0.84 -0.83 251 0.99 0.322
Tsirtsikoset al.” -0.74 -2.40 001 -0.88 0.378
Tsirtsikoset al.” -0.46 -2.08 116 -0.55 0.581
Tsirtsikoset al.® -0.94 -2.63 075 -1.09 0.275
Wang et al -3.38 -4.46 230 -6.13 0.000
Zhangetal 1.34 0.09 259 2.10 0.006 -
2.94 1.93 304 5.72 0.000 <
-800 -400 000 400 800
Favor control Favor DFM

Fig. 4: Forest plot for the effect of DFM supplementation on villus height in ileum of broiler chickens, calculations were based

on a random effects model

1.21], p = 0293, n 14 comparisons). For product, the
commercial product was less effective (SMD = 2.47, 95% Cl
[1.29, 2.92], n = 44 comparisons) when compared with the
non-commercial product (SMD = 4.71,95% Cl [3.61, 5.82],
n = 42 comparisons) or with an unknown (unspecified)
product (SMD 7.66, 95% Cl [4.31, 11.01], n = 27
comparisons). For microbial species, the effect of DFM on the
VH of the small intestine was the greatest for unknown
(unspecified) microbial species (SMD = 7.66 [95% Cl [4.31,
11.01], n = 27 comparisons) when compared with single
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species (SMD =5.54[95% Cl [4.28, 6.80], n=42 comparisons)
or multiple species (SMD = 1.58 [95% Cl [0.88, 2.27], n = 44
comparisons). For duration of treatmentand application route,
although significant differences were observed between
subgroups of these characteristics in a random effects model,
such differences were not robust for a fixed effects model
(p-value for subgroup difference = 0.102 for duration of
treatment and = 0.791 for application route). A significant
difference between subgroups was not seen for the sex of the
birds.
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Fig. 5: Risk of bias graph presented as the percentage of 25 included studies

Sensitivity analysis: Detailed results from sensitivity analysis
for VH (the primary outcome) are available in the supporting
information. Compared with a fixed effects model, a random
effects model resulted in a greater effect magnitude for all
3 segments of the small intestine, although the direction of
the effect and the results from the statistical tests for effect
magnitude did not change. The SMD for fixed effects versus
random effects was 1.97 vs. 3.59 (n = 37 comparisons) for
duodenum, 1.30 vs. 3.97 (n = 27 comparisons) for jejunum,
1.04 vs 2.94 (n = 49 comparisons) for ileum and 1.04 vs.3.38
(n=113 comparisons) overall. The effect magnitude for VH did
not change significantly when one study was sequentially
removed from the analysis. When the effect magnitude for VH
was compared between pooled outcomes across intestinal
segments and the outcomes for separated segments, the
extent of the effect did not change significantly.

Risk of bias assessment: The overall results of the risk of bias
assessment for each domain were presented in Fig. 5. All 25
articles reported unclear sequence generation (domain 1),
allocation concealment (domain 3) and blinding (domain 5).
For baseline characteristics (domain 2), 19 articles (76%)
reported low risk of bias. For random housing (domain 4), 24
articles (96%) reported unclear risk of bias. For random
outcome assessment (domain 6), 10 articles (40%) reported
unclear risk of bias and 9 articles (36%) reported low risk of
bias. For incomplete outcome data (domain 8), 20 articles
(80%) reported unclear risk of bias. For selective outcome
reporting (domain 9), 16 articles (64%) reported unclear
risk of bias and other 9 articles (36%) reported low risk of
bias.
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Publication bias: For the VH outcome of the overall intestinal
segments (113 comparisons), publication bias was clearly
observed (Fig. 6). Egger’s test for publication bias showed
statistically significantresults (p <0.001). Duval and Tweedie’s
trim and fill methods indicated 21 missing comparisons and
including these missing comparisons resulted in an adjusted
SMD of 2.31 (95% Cl, 1.61-3.02), compared with the original,
unadjusted SMD = 3.38 (95% Cl, 2.70-4.05).

For the CD outcome of the overall intestinal segments
(96 comparisons), publication bias was not observed
graphically. Egger's test for publication bias showed no
significant results (p = 0.720).

For the VH/CD ratio of the overall intestinal segments
(87 comparisons), publication bias was observed graphically.
Egger’s test for publication bias was statistically significant
(p<0.001).

DISCUSSION

The results of this systematic review and meta-analysis
indicated that the supplementation of DFM was associated
with increased VH of the small intestine in broiler chickens.
This statement was supported by the meta-analytic result that
the SMD of VH was significantly greater in the DFM
supplementation group thanin the control group. In addition,
the result of a cumulative meta-analysis over time for DFM
effects on increasing VH has been consistent since 2010.
The results of this systematic review were consistent with
those of original studies in other livestock species. Several
studies showed that supplementation of DFM was associated
with increasing villus heightin the intestines of ducks**#" and
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Fig. 6: Funnel plot for villus height from all intestinal segments, red circles indicated missing studies

pigs**. The length of VH is an indicator for the function of the
intestinal villus*. The longer the VH is, the better the
mucous secretion and nutrientabsorption of the overall small
intestine will be®. Although the exact mechanisms by which
DFM or probiotics increase VH are still unknown, many
mechanisms which may be indirectly associated with
increasing VH have been proposed. For example, DFM may
increase the number of normal micro-flora colonies found in
the gastrointestinal tract of the animal host*. These micro-
flora may then act to improve functionality through several
pathways, including competing with harmful pathogens for
energy and nutrients”, promoting mucous secretion,
preventing cytokine-induced epithelial damage*®, inhibiting
pathogen adhesion on the intestinal epithelium, stimulating
the immune system*, producing bacteriocin and organic
acids* and reducing pH levels in the intestinal tract and thus
damaging harmful bacteria. These mechanisms together
could suppress the colonization of the epithelium by
pathogenic microorganismsand reduce theinflammation and
infection of the intestinal mucosa®’, resulting in a longer villus
and better gut health. It was assumed that better VH and
VH/CD ratio could improve the nutrient digestibility and
absorption capacity in the small intestine>'>2. Conversely,
shortening of a villus and a deeper crypt may lead to poor
nutrient absorption and lower performance®.

High heterogeneity was observed for all intestinal
morphological outcomes. This result prompted subgroup
analysis to explain possible sources of heterogeneity. From
a priori subgroup analysis of 6 characteristics on VH outcome,
significant differences among subgroups were seen in
5 characteristics: Breed, product, microbial species, duration of
treatment and application route. However, a high degree of
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heterogeneity was still observed within all subgroups of
5 characteristics. These results indicated that other sources of
bias may exist within each subgroup.

The robustness of the results of the meta-analysis was
evaluated by sensitivity analysis. Although the direction of
effect size for VH (the primary outcome) did not change
between a random effects model (a priori model of choice in
this study) and fixed effects model, the magnitude of the
effectand its confidence interval were considerable greaterin
the random effects model than in the fixed effects model. A
greater confidence interval for the random effects model
could be explained by the random effects model’s two sources
of variance (within study variance and between study
variance), while the fixed effects model has only one source of
variance (within study variance)**. For the effect of an
individual study, this study indicated that individual studies
did not significantly affect meta-analytic results for VH
because when sequential meta-analysis was performed with
one study removed, the SMD of VH did not significantly
change. In addition, this study indicated that the impact of VH
was robust when pooling outcomes across intestinal
segments compared with outcomes from separated
segments.

In this systematic review and meta-analysis, the results of
therisk of bias assessment from 25 included articles indicated
lack of adequate reporting because a predominant unclear risk
of bias was found. These results were consistent with those of
other systematic reviews and meta-analyses from animal
studies>>*S, These can be explained by authors of animal trials
who might not be aware of reporting bias domain or may not
follow a specific guideline for reporting animal trials. Unlike
animal trials, a guideline for reporting clinical trials in human
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“called CONSORT statement or Consolidated Standards of
Reporting Trials statement” was developed in 1996, first
revised in 2001°¢ and revised again in 2010°°. This statement
has helped to improve the reporting quality of human clinical
trials over the past decade. As a result, at least two guidelines
were developed in 2010 for use in reporting animal trials.
These are the REFLECT statement (Reporting Guidelines for
Randomized Controlled Trials in Livestock and Food Safety)%
and ARRIVE guideline®'. However, these guidelines are still not
widely used, resulting in inadequate reporting. In addition,
publication bias was clearly observed for the VH outcome.
Taken together, these limitations indicated inferior or
incomplete evidence for data synthesis.

CONCLUSION

It is concluded that the supplementation of DFM for
broiler chickens was associated with increased intestinal villus
height. However, this conclusion was based on the presence
of heterogeneity, unclear risk of bias and publication bias of
available data.
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