Comparison of short-term and long-term estrus synchronization methods
using progesterone and their effect on pregnancy rate: A meta-analysis
study

ABSTRACT

This study presents a meta-analysis comparing the effectiveness of short-term and long-term progesterone-based protocols
for estrous synchronization in sheep, focusing on pregnancy rates. The primary aim was to evaluate whether short-term
protocols, which are more practical, yield comparable results to traditional long-term methods in terms of pregnancy success.
The study is based on a meta-analysis of 22 independent studies conducted between 2010 and 2023, which examined various
progesterone-based estrous synchronization protocols in different seasons. The data was collected from Scopus, PubMed,
OpenAlex, and Google Scholar databases using keywords such as "progesterone”, "P4", "estrous”, “synchronization,"
"sheep," and "ewe." The results revealed no significant difference between short-term and long-term protocols concerning
pregnancy rates. This suggests that both protocols are equally effective, with short-term protocols offering logistical and cost
benefits. However, the analysis also highlighted moderate heterogeneity among the studies, indicating thatifactors like breed,
nutrition, and environment might influence outcomes. This meta-analysis provides valuable results inte_the effectiveness of
short-term versus long-term progesterone-based estrous synchronization protocols in sheep. Thefindings indicate that short-
term protocols are just as effective as long-term protocols in achieving pregnancy, offering significantiadvantages in terms of
cost and labor efficiency. Additionally, potential publication bias was identifiedy, underscoring the need for further research
in this area to refine these reproductive strategies.

Keywords: Estrus synchronization, Meta-analysis, Pregnancy rates, Progesterone, Sheepyreproduction.

290 9 (g piw 39 33 3 08l b (Ix8 (5 lwylo Jod el g v oligS S ig y dmlio
ot 4@ lro Sy i € 5 31 T

onS>

4

2 a0 bbb (iloglosameel 1) (g Tn 2 (v fSde Ty CstoolisS” sl g, (il &S sl ikl f Sy adlllas ()
s Sedily (sl g, b dmmlio b6zl Jle 5 los ST i@heolisS cla g, LT 45 5g opl (b)) adg) s .S o Al ¢ il &5
Ciloglojen o bg, 45 3o 5 VoY e il (s o0 plol Jiis adlae VY Jold adlas ol S b s i) Cogiibge Jlas 5|
Wojladds” 5l oslizwl b 4 Crossref g Oper%lex PubMed Scopus (slasll 51 s odls 5)S oLl ciliste Jguad ;5 1y Calises
Sl Sy oo &5 AP b A )9l x> “ewe” 4 “Sheep” ‘Synchronization” Estrus” P4 <Progesterone”
oligS (sla JSSgp s j5o oSS 4 JSSgp 93 1 4 wmd ol ol )8 39y ()3 sine gl il 5 y3 Cotedily g SteolisS
Ol 53 1y awstag@Senl (uizmen Jlod s 4505 ol (Jlo ool b dims o 1) aiaja 558 (9500 0 (24 p0 (g2 (ablie e
iz il )90 )N M55y ol lllie () 35,80 3B ol p Casl S basms g 435 ol ale Jalge amd a5 o ol L3 |,
oSSy o5 3o ol laably WS o K] WhS 3 Serily Blis )3 CaaolsS Gpiion p e (B SileplRen sl JSSsn
ogMe ximd o 4y ,S cops 2l g A Ll g BB cblie g an i el 4 oliwd 10 Sdesdy (slabgy o518l 4 kel
29b0 15T o 2l slodyenl cul ol (sl e el 3 iy Clidos & Sl 0 (lolis sl (6 S 42 s 5 b el

I (il jon ¢ il F 5 iS¢ ]y ¢ Jrodd 5 ¢y pian g tslS olalS



EVRVTY

slooy 2 o Ghyan sl 53 (6915w 2 50 Jole (it sl inge b 1 3l 0 g e B9
o 4D g oy Aol li8l iue hyep 0 Lol Gas (Young et al., 2011) cuol dgw 4 Loy cpl s g o Wate
(AlKass et al., 2021) 3,15 Caus (5y9)b (iul33l g olesl; Aol Lials b gubiine jobas ol ol sl (6yglagm yiul38l
3218 ol & gyt 50 290 | me Al S B it Cappde g Shjan g MiosS 50 (b (gilulejen
N sax 9 o8l (ST wlie 93,5 o0 plomil olgzdy (loj )3 lalogly ey oo plasl 4 0lsS (loj )3 5 (o> ©yg0s
Whitley &) 5 oo Sl 1) (59,8 sl 5300065 (iloglojan ol 2 ogMe 0, oo )18 oolitul 3,90 (55 %0 yoboa
4 othusS 5 uil o Jab & atly Saday o Casl SSala b oty o ks > Jreadgs a3 (Jackson, 2004
loihssS g5 i b 5l by im0 (Lt 1) (o ity (1 (] o Gloj U 65 Siigdad ) olate b
a3l gl 0)93 lsieds 0)93 (il § 9,5 03 Dpgo sz Clled ] )3 4 Wi o Sl BIES Nl Ao o oy
Slojen (sla gy caldiuly b Juad & LibusgS jd By9p slacullad a5 Pl ;I (Habeeb & Kutzler, 2021) 395 .o
ol 2 58 ol &8 (o 0,80 )3 (oS Juad .l glise (ol g liolgs) Lad @) sl (53l
(Ibis & al o aolsl lej Blol g 5l (bl U g 258000 Sl ajg) (s oligS Sy b Sl Slglyo el g

Agaoglu, 2016)

\

0992 glatends D9 oo ol (Job (giluglesen 55 bagapen | il elgl | ingS > ey J S sl
oaSHI]] (yg0y9m 9 (BCG LPMSG) pytal (lale p o g igplS o)l (sloS Ul 5 PGFaw ygyiafon silo olo
ol J @b s S Juad (b (ygpiion See 31938 (55 5 Cogon b loSa 0agde 5 (GNRH) (593LS
GrScin Jab ) )5 Ysans 35 Moy Ng) oo SR g pS i b (b ] GlaSllT 5 PGF2y s oo o3lital
Ja Ggyiafon » e b dSapdeilopljer il by byy gbe ) (Arikan et al, 2021) 595 oo odlitsl
Yoo a5 Gdoolgs ol ISTgy . (LOPEz-Sebastian et al., 2007) 15163 ,S Iy (glod yiud Cdguie dyal Cgpaw g (i il
(Malik5load Sl 0y WEIW (o ool sloSSig sl s5dos il lyioar it on Jobo g, 0
Slo b @b siwl @ p fihwsS > it (luglojen slaybey wl oy slp b olllas et al., 2021)
96 gy Bllhe ol ) srclwnay (il (lagy gy @ig Cuslord plnl gpScdr xf 5 xS
B9y Jaosily Sl Jelosl ) cBan ol b sy sl S50 sahey S (Se g el |) 538 bt 4 ol
Sl ilos S8 L ol auore jadi 5 (0B goge S ) odplonl s Slalllas I (g)bun @l 55135 sl
Iy oslel (098 sl gime cdois 3 5 dswunl )8 pesd €0y08 9 B> Jdoul s (Lipsey & Wilson, 2001) ol cuslio (5]
Borchardt et al., ) gls 4 (Palacin et al., 2011) b yixo ,> Juloolyd ¢ o ped & diise oo deads diged o3ll iul58l b
2 Gl Giloplojen iz sl yigy (wiu Sl oy sl ede lodl 3 Jelae I3l (2017; Borchardt et al., 2018
Sileplojer (sl @aesly 5 CaeelisS g yieisn 2 e SDe) (sl dulie ¢ Lilodlb adllas pl Bua cule

g il £ 52 adg) 505 | disgS o Jood



9 R Wl gy
.)94»(_;0 ) LS)LJ 595‘9 9 osld C‘).’xwl Bl 99,9 leb)L.:w cé:l.ua 290 Craund O“‘ )9
&hio 4950

390 sl (i g 35303 L (b (giluglogen 53 (g yiefan e aily g CaeolisS gl by dmalie cdllas ol
“‘Synchronization” ~Estrus” <P4” “Progesterone”  slaojloals” jl odlitw! b mlo jop0 (glp .cé )5 1,8 adllas
g Crossref g OpenAlex PubMed Scopus (¢laololy o or g and o (glo Slas (yuicren g “ewe” g “Sheep”
Google Scholar ol5sL ;> jsSde (sbaojlgnnls’ 55 ad) Cuwd jl dalllae 65oS o (gl ablite )y (gl peiored (4 plodl
0, J55) 34 gt

Sl 9 9949 sl ylero

Ldgr 0k yiite YoVY B Yo Ve claJlo oo = aidgy oddgh oVlie =) a8 0d bl Slhe jobd g )
0 iz 01 ploxl gyian bl g oS (silugleren slagis I odlitul BGY widp e 4 bgiye els-Y
oy £ (Siwplejen £y il £ —F 5 Wdg 03)8 dunlie Lo )3 |y S (Gluglojen e JS59y 9 Sl

A3 03,5 5505 2l 59> £ 5 25

st |y Slocasen sy <o b Y iogy 005 35 te s (s 0Sen (slai ) S Gl e
dged p> =Y Widg wdSSH 3l e (6,00 BEL; L B e —Y\‘JJJ;L;QJ onlS 1y oS slrodls =Y 5,8
0a5b slrodly (ghyls =F 5 Wdg) Bjlaie b b Founio (gilwiylojan sla gy il oolawl b =0 wiily (YA 5l 1e8) Soo8

WAl Bl wdgy dlazel LB e

(o> 5V Js) e85 )13 adllae 3)90 5 sl Lo e lST (gl VY Coles

\



Ll
(Identification)

byl saly
(Eligibility)

J 3
(Included)

s yE
(Screening)

|
|
|
|

N
Scopus oL 51 Jlie YYY .

9 Crossref :OpenAlex PubMed

i o1 lwlus Google Scholar
J

Y

~
SR e ol o

o oLl Z9,5 93959

J
( [XWRERCEA 1Y

(YYAA :aluws)
\ 4

[ b QU5 gl Ty Ui YY ]
el ool (gl s Ao YY
WA (b5l g (o) Jgoutie .
e

boslo z/ i/

3] Jlo o Jsl odtusi pb abox 51 iagsy yo cledl
>) b gl il ieggy ool plosl sl Jtedd g yd



Jdoslys ol ) oolatul 550 lalllas 1Y Jgus

oi Jad g,/ J30s Slasi) diged 01l Jw )
) ) axlhe Gy,
Mo (ol St
b 515 Vo Yery Martemucci et al. (Mz;réilsucm & D’ Alessandro, \
Juad )15 A Yoy Ozyurtlu et al. (Ozyurtlu et al., 2011) v
Juad 3 ) Yoy Kulaksiz et al. (Kulaksiz et al., 2013) v
Juad )15 A Y. \F Jackson et al. (Jackson et al., 2014) ¥
Juad 51 ) va Yo ¥ Jackson et al. (Jackson et al., 2014) N
b I3 5 . Yo ¥ Blaschi et al. (Blaschi et al.,"2014) s
b 518 5 e Yo ¥ Sareminejad et al. (Sareminejad,et al., 2014) v
b z5l8 5 OA YoVA Martinez-ros et al. (Martinez-Ros et al., 2019) A
kb 58 > YA (Y Altingekic etal. (Altingekic & Kayuncu, 2019) q
Juad 315 ) YA Y14 Nakafeero et'al. (Nakafeero et al., 2020) Y.
Juad 315 ) oY Y.y Lombardoet al. (kombardo et al., 2020) X
s S35 5 5. YoV Sharari et alw(Al-Sharari & Mohamed, 2021) WY
bzl N ¥ VY CatacoraFlores et al. (Floreset al., 2022) W
b )8 5 VO V. VY Yuetal. (Yuetal., 2022) Ve
Jhad )15 3 Yy Y.vy \<uru et al. (Kuru et al., 2022) 0
Juad 30> 3 Yy Y VY \ Sinimbu et al. (Sinimbu et al., 2022) \$
Jhad )15 A Y.VY Qu et al. (Qu et al., 2022) W
b 518 5 Yoo YeY) Hariom et al. (Hariom et al., 2021) A
b 518 5 Nii yayy Eldomany et al. (Eldomany et al., 2023) \a
b z58 5 Y& Y oyy Takci et al. (Takci & Kivrak, 2023) Y.
Juad )5 YA~ YooYy Almadaly et al. (Almadaly et al., 2023) )
b )8 Vol Y.vy Takci et al. (Takci & Dinc, 2023) vy
\
ey

odlawl b laodly (g4l8Ty )95&81}519)3 5 b g9lSTg STATA LT l58le 5 5l odlatul b b yimgs 5l o (s yglaes (slaodls

&S’ (OR) Luils Euundldd plool Restricted maximum-likelihood (REML) kg, o Random-effects model (¢4l
Cuto byl ons glis V51 i das oS 0 eoalawl LUl Lol jlse lais 4y 90 Jdoslys pl o 51 6jlal sniiS by
S oeesl 3 sy sKewl oyl (sl opmiomen ol aie b3, saiad L5 )l jieS OR &S Jbs p> el
GSsw i) lp Ysome & Cuwlus Lioxis gly el 3 0gMs D1 ) sinepé 45 A5 edlizwl (Cochran, 1954)
Galbraith 1303 .(Egger et al., 1997) 1 u)y 8 410505 5 i plsl 9 o o3laiw] dalllas 58" il 3l plu 5 Lzl

L S paoy Dgab oo 03wl IS jbged (gl (oS g Juloilyd S o Renl oy p sl o) 5 &S (Galbraith, 1990)
s Seal obj)l slp Juloulyd (5 a8 cul (SaSTy jbges o9 S (LABBE et al., 1987) L'Abbé ,lsge ¢ Jl> oyl
A sy 35 Dgud 0 o3laiwl adlllas



S g g 3 S Al

Sl Gowian » e Ode Wil g GeslsS S ST (il 2)5e 53 1) sied))l slaosls Jlould
oligS" (sl ISTgy (s 6yl (sme gly &S amd o)lis addllas (pl (sladidly aad o &l KbwsS > dxd (g5l lojen
a3 ¥ USS 5D 00y KhwsS oyep Copde sl ede sladely 45 3,05 gy sl Fp 4 5l e wil g e
@ dg b 29 o odnlin 45 Hob len .l ord oy iuled il Fp5 o (¢l (Hedges & Olkin, 2014)  JSis
Oglds dgg pis D)l 3939 do Ml g SleolisS (slrog,S o 6y Gxe Solds (/) Cllllae o > S 31 o5l
Jadody Wilgs o soolieS sla [STgy ¢l pl 09 Jd bixe pufdy dogi b g oolaiw] MiaweS > b (gl lojen
2 oo (Malik et al., 2021) ol o dlpisi MW oS o Sled (g 03y s 5 (lo; g M g 4 5l ials
@ Dlg o (5) V=0 Caeds) GdeolisS 1D g yiwian Buas p (dive (o) 45 Cuwl i o3y Lis Bl yin g5 ol

(Texeira et al., 2016) Jwwd 5 ddpo &y (ygyd0 5 5 dos & Jbo )0 il S50 cle SYsbl g o5l]
S ges cpl 3 sl oy lawgie (Keal samd lis 45 (il o duoyd FYIADRY SenbID ISS (slaodly 4 4545 L
Sonl il o Ol cpo Julosld (S8 ases g 5kl clas ol pends of JlisebMogas gddlbe g g il F 5
2l sl (See b igy oloj e 5l e Jolge 8 sms il (12=YVW/AMA)Y Sllllas ()3 o0 ssalie lawgio

W3 oS job lan il ae Jolss b 4065 Capmsg ol 3hglacs sl Lol Milss o 3l ) 5,38y 58l (o5l lo jon

\ .(Young et al., 2011) cuwl o o )L3!

! Heterogeneity



Treatment Control Log odds-ratio Weight

Heterogeneity: T = 0.29, I = 47.85% H =1.92
Test of 6, = 8, Q(21) =39.31, p = 0.01
TestofG=0:z=041, p=068

Study Yes No Yes No with 95% Cl (%)
Martemucci 2011 123 2 9 8 —®—— 147[-035 328] 285
OZYURTLU 2011 8 4 7 5 —a— 0.36[-1.30, 2.02] 3.24
ULAKSIZ 2013 17 1 19 1 = 0.11[-2.96, 2.74] 1.36
Jackson 2014 39 5 39 6 —i— 0.18[-1.08, 1.45] 461
Jackson 2014 12 9 8§ 12 —l— 069[-055 194] 471
Blaschi 2014 1M1 12 22 2 — -2.48[-4.15,-082] 3.23
Saremingjad 2014 12 3 12 22 —8— 1.99[ 054, 3.44] 390
Martinez-Ros2018 5 2 10 2 ——.—— -0.69[-2.93, 154] 2.05
Altingekic 2017 16 8 24 2 — -1.79[-3.47, -0.12] 3.20
Nakafeero 2019 34 6 24 14 —i— 120 0.11, 229] 544
Lombardo 2020 10 2 13 4 —— 0.43[-1.46, 2.32] 268
Sharari 2021 3 9 1 B -1.35[-3.82, 1.12] 1.74
Catacora 2021 8 5 9 —— 030[-122, 182] 365
Yu 2022 21 5 18 6 —u— 0.34[-1.01, 168] 4.29
Kuru 2022 1 13 9 15 —— 0.34[-0.81, 150] 5.13
Sinimbu 2022 50 61 36 73 B 051[-0.04, 1.06] 8.85
Qu 2022 9 10 12 7 —— -064[-1.94, 065] 4.48
Hariom 2021 16 34 16 34 —- 0.00[-0.84, 0.84] 6.88
Eldomany 2023 18 6 18 8 —a— 0.00[-1.31, 1.31] 4.44
TAKCI 2023 45 4 45 35 . = -016[-0.77, 0.45] 8.41
Almadaly 2023 13 27 22 18 = -0.93[-1.84, -0.02] 6.45
Takci 2023 73 27 69 31 ‘i 019[-0.42, 081] 8.41
Overall L 4 0.07[-0.28, 0.43]

Random-effects REML model
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Test of group differences: Q.(1) =0.20, p = 0.65

Random-effects REML model
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Comparison of short-term and long-term estrus synchronization methods using progesterone
and their effect on pregnancy rate: A meta-analysis study

Abstract

Introduction: In sheep breeding, lamb production is more important than milk production. The primary factor influencing
profitability is the number of lambs born and the successful rearing of these lambs. One of the most effective ways to
enhance reproductive efficiency is through estrous synchronization. This process allows breeders to synchronize the estrous
cycles of ewes, ensuring that they all come into heat at the same time, thus enabling scheduled breeding,and lambing
seasons. The synchronization of estrus is achieved through the administration of hormonal treatments, primarily based on
progesterone, which can either mimic or manipulate the natural estrous cycle,of the sheep. While long-term pratocols have
been traditionally used for estrous synchronization, recent research has suggested that short-term' protocols might offer
similar results with fewer logistical challenges and reduced costs. This study aims tajevaluatethe effectivenesswf both short-
term and long-term protocols, focusing on pregnancy rates in sheep.

Materials and Methods: The study is based on a meta-analysis of 22 independent'studies conducted between 2010 and
2023, which examined various progesterone-based estraus synchrenization pretocolstin sheep. The data was collected from
Scopus, PubMed, OpenAlex, and Google Scholar databases‘using keywords/such as "progesterone,” "P4," "estrous
synchronization,” "sheep,” and "ewe." The studies were selected based on strict inclusion criteria, such as being peer-
reviewed, focusing on sheep, and comparing at least two different estrousssymehronization protocols. Studies that did not
report quantitative data or involved outdated or unconventional metheds were excluded. The meta-analysis compared short-
term and long-term progesterone-based protocolsfer estrous synchronizcﬂon in sheep, assessing the pregnancy rates as the
primary outcome. The data from each study were extracted, including the year of publication, sample size, pregnancy rates,
and whether the study was conducted during or autside the breeding season. The extracted data were then analyzed using
statistical methods to determine the overall effectivenessofishort-term,versus long-term protocols.

Results: The meta-analysis revealed that there'was no statistically significant difference between short-term and long-term
progesterone-based protocols in terms of pregnancy rates./Both protocols yielded comparable pregnancy success rates,
suggesting that short-term protocols areyjust as effectivesas long-term protocols for estrous synchronization in sheep. The
overall effect size was 0.07, dndicating that'the difference"in pregnancy rates between the two protocols is negligible. One of
the key findings of this study.is that Short-term protocols, typically lasting 5 to 7 days, can achieve pregnancy rates similar to
those achieved by long-term protdeols, Which traditionally last between 12 to 14 days. This has significant implications for
sheep farmers, as\short-term protocolsiare not only less labor-intensive but also more cost-effective, requiring less time and
resources to administer. The studysSupports previous research, which has shown that short-term progesterone treatments can
be just as effective as long-term treatments, while offering practical advantages in terms of ease of use and economic
efficiency. The analysis also fo&nd moderate heterogeneity among the studies, with an 12 value of 47.85%. This suggests that
factors other than, the,duration of the progesterone treatment, such as breed, nutrition, and environmental conditions, may
influence the, success of ‘estrous synchronization protocols. For example, some breeds may respond better to shorter
treatments, while_others may require longer protocols to achieve optimal pregnancy rates. Additionally, differences in the
nutritional status of‘the ewes or variations in environmental conditions, such as temperature and daylight, could also affect
the success of the synchronization protocols. Furthermore, the meta-analysis compared the effectiveness of short-term and
long-term protocols in different seasons. The results indicated that there was no significant difference between the two
protocols in either the breeding or non-breeding seasons. During the breeding season, the overall effect size was 0.19,
suggesting a slight, non-significant preference for short-term protocols, while in the non-breeding season, the effect size was
-0.03, indicating a similarly non-significant preference for long-term protocols. These findings suggest that both short-term
and long-term protocols can be effectively used for estrous synchronization, regardless of the season.

Discussion: The findings of this study have important implications for sheep breeders. Given that short-term protocols are
equally effective in achieving pregnancy rates as long-term protocols, breeders can consider adopting short-term protocols to
reduce labor and costs associated with estrous synchronization. Short-term protocols are easier to implement, as they require
fewer days of hormone administration and reduce the need for extended management of ewes during the synchronization
process. Despite the clear advantages of short-term protocols, the moderate heterogeneity observed in the study indicates that
further research is needed to identify the specific factors that influence the success of estrous synchronization protocols in
different breeds and environments. Factors such as breed, nutritional status, and environmental conditions should be
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considered in future studies to develop more tailored protocols that maximize reproductive success in different sheep
populations. Additionally, the potential for publication bias identified in the funnel plot suggests that more comprehensive
and balanced research is needed to fully understand the effectiveness of estrous synchronization protocols. Future studies
should aim to address this bias by including a wider range of studies from different regions and with varying methodologies.

Conclusion: This meta-analysis provides valuable insights into the effectiveness of short-term versus long-term
progesterone-based estrous synchronization protocols in sheep. The findings indicate that short-term protocols are just as
effective as long-term protocols in achieving pregnancy, offering significant advantages in terms of cost and labor efficiency.
While the moderate heterogeneity observed suggests that additional factors may influence the success of these protocols, the
overall conclusion is that short-term protocols are a viable and practical option for estrous synchronization in sheep. Further
research is needed to explore the underlying factors contributing to the variability in success rates and to address potential
publication biases in the existing literature.



