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ABSTRACT 

The ne ga ti ve ener gy ba lan ce (NEB) du ring the ear ly post par tum pe ri od in high yiel ding dai ry cows has clear ly
been link ed to di mi nis hed re pro duc ti ve per for man ce. As for fol li cu lar growth and de ve lop ment, ne ar ly half of
all mo dern dai ry cows suf fer from an ova ri an dys func ti on du ring the first weeks af ter cal ving. Se ver al hor mo nes and
me ta bo li tes may act as me ta bo lic cues for the NEB, the re by af fec ting fol li cu lar de ve lop ment at both the hy po -
tha la mic and the ova ri an le vels. The main me ta bo lic cue for the hy po tha la mus seems to be me ta bo lic fuel avai la -
bi li ty, i.e. glu co se, and hor mo nes like in su lin and lep tin may have a di rect per mis si ve ef fect on go na dot rop hin
se cre ti on or an in di rect ef fect by af fec ting fuel par ti ti o ning and avai la bi li ty. At the ova ri an le vel, NEB can af fect
fol li cle growth by the re du ced in su lin, in su lin-like growth fac tor I and lep tin con cen tra ti ons. Me ta bo li tes like
non-es te ri fied fat ty acids may in flu en ce fol li cle growth at both the hy po tha la mic and the ova ri an le vels.

SAMENVATTING

De ne ga tie ve ener gie ba lans (NEB) die heel ty pisch op treedt bij hoog pro duc tie ve melk koei en tij dens de eer ste we ken
na het af kal ven, heeft on te gen spre ke lijk een na de li ge in vloed op de vrucht baar heid. Zo heeft haast één op twee melk -
koei en een af wij ken de ova ri ële ac ti vi teit tij dens de vroe ge post par tum pe ri o de. Ver schil len de hor mo nen en me ta bo lie ten
fung eren als bood schap per van de NEB en be ïnvloeden de fol li cu lai re ont wik ke ling op zo wel het ni veau van de hy po -
tha la mus als op het ni veau van het ova ri um zelf. Het be lang rijk ste me ta bo le sig naal voor de hy po tha la mus is het te kort
aan brand stof in de vorm van lage glu co se con cen tra ties in het bloed die op hun beurt ge paard gaan met lage in su li ne- en
in su lin-like growth fac tor (IGF1)-con cen tra ties. Net zo als lep ti ne heb ben in su li ne en IGF-1 daar en bo ven een be -
lang rij ke sti mu le ren de func tie in het ova ri um (sti mu la tie fol li kel groei en ste ro ïdproductie). Ten slot te blijkt uit on -
der zoek dat me ta bo lie ten zo als vrije vet zu ren, die het re sul taat zijn van de toe ge no men pe ri fe re li po ly se, de
fol li kel groei kun nen tegen hou den door hun rem mend ef fect ter hoog te van de hy po tha la mus en/of het ova ri um.

INTRO DUC TI ON

Repro duc ti ve per for man ce in high yiel ding dai ry
cows has de cli ned worldwi de over the past few de ca des
(Lucy, 2001). This de cli ne in re pro duc ti ve per for man ce
is link ed to the in cre a sed ge ne tic se lec ti on for milk yield
(re vie wed by Pry ce and Veer kamp, 2001) and the im por -
tant un der ly ing fac tor seems to be the ne ga ti ve ener gy ba -
lan ce (NEB) (Beam and But ler, 1999; But ler, 2003).
Although milk yield and feed in ta ke show a po si ti ve ge -
ne tic cor re la ti on, the in cre a sed yield can not be en ti re ly
com pen sa ted by in cre a sed in ta ke. Con se quent ly, on g oing

se lec ti on for pro duc ti on fur ther de cre a ses ener gy ba lan ce
(Veer kamp et al., 2003). 

Se ver al sta ges of the re pro duc ti ve pro cess such as fol -
li cu lar de ve lop ment and ovu la ti on, fer ti li za ti on and
preg nan cy seem im pai red (Lucy, 2001). As for fol li cu lar
de ve lop ment and ovu la ti on, ne ar ly half (49%) of mo dern 
dai ry cows suf fer from an ova ri an dys func ti on du ring the
(ear ly) post par tum pe ri od, le a ding to a pro long ed in ter -
val be tween cal ving and first ovu la ti on (Opso mer et al.,
1998; Shres ta et al., 2004). The NEB is a ma jor risk fac tor 
for the oc cur ren ce of de lay ed cy cli ci ty (Beam and But ler, 
1999; Opso mer et al., 2000), and this ef fect seems to be
exer ted through the me ta bo lic and hor mo nal adap ta ti ons
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that ac com pa ny the NEB. Se ver al me ta bo li tes and hor -
mo nes act as me ta bo lic mes seng ers on the hy po tha la -
mic/pi tuit ary axis and the ova ries (Dis kin et al., 2003;
Lucy, 2003; Wade and Jo nes, 2004). This re view will fo -
cus on the dif fe rent hor mo nal and me ta bo lic pathways by 
which the NEB seems to af fect fol li cu lar de ve lop ment
and ovu la ti on. In Fi gu re 1 the me ta bo lic pathways through
which the ne ga ti ve ener gy ba lan ce (NEB) may af fect
ova ri an func ti on are re pre sen ted.

FOL LI CU LAR DE VE LOP MENT AND OVU LA TI ON

Be fo re re vie wing the exis ting li te ra tu re on the in ter ac -
ti ons be tween the ener gy ba lan ce and fol li cu lar de ve lop -
ment and ovu la ti on, the nor mal en do cri ne re gu la ti on of 
fol li cu lar de ve lop ment and ovu la ti on in catt le will be
brief ly discussed.

Fol li cu lar de ve lop ment re sults from a com plex in ter -
ac ti on be tween the hy po tha la mic-pi tuit ary axis and the
ova ries. In ad di ti on, both hor mo nal and me ta bo lic fac tors 
in flu en ce this pro cess lo cal ly at the ova ri an le vel through
pa ra cri ne/au to cri ne re gu la ti on. From the hy po tha la mus,
Go na dot rop hin Re le a sing Hor mo ne (GnRH) is trans por -
ted to the an te ri or pi tuit ary whe re it sti mu la tes the pro -
duc ti on and the re le a se of Fol li cle Sti mu la ting Hor mo ne

(FSH) and Lu tei ni zing Hor mo ne (LH) (Roche et al.,
1996). The se lat ter two hor mo nes (FSH and LH) are cru -
ci al at the ova ri an le vel for the pur po se of sti mu la ting fol -
li cu lar growth and fur ther pro mo ting the de ve lop ment of
the do mi nant follicle into the preovulatory stage. 

Ge ne ral ly, the bo vi ne es trous cy cle ex hi bits two or
three wa ves of fol li cu lar de ve lop ment (Sa vio et al.,
1988). The fol lo wing three im por tant growth pha ses are
des cri bed: re crui te ment, se lec ti on and de vi a ti on, growth
and do mi nan ce. Each new fol li cle wave is pre ce ded by an 
FSH sur ge (Gin ther et al., 1999) sin ce fol li cles re qui re
FSH sup port to be re crui ted from the go na dot ro pin sen si -
ti ve pool of small fol li cles (2-4 mm) and to grow bey ond
a size of 4 mm in di a me ter. In a fol li cu lar wave, each fol li cle
has the po ten cy to ac qui re do mi nan cy, but the fu tu re do -
mi nant fol li cle starts to grow 6 h be fo re the fu tu re sub or -
di na te ones and, the re fo re, has a small ad van ta ge in size
(Gib bons et al., 1997). Se lec ti on and de vi a ti on of the do -
mi nant fol li cle oc cur when the lar gest fol li cle re aches a

size of » 8.5 mm (Gin ther, 2000). At de vi a ti on, the lar gest 
fol li cle (do mi nant) con ti nu es to grow whi le the growth
rate of the smal ler (sub or di na te) fol li cles de cre a ses. More -
over, at this par ti cu lar time in the cy cle, the FSH con cen -
tra ti on has fal len be low the cri ti cal le vel that is ne ces sa ry
to sus tain fol li cle growth. Ho we ver, the do mi nant fol li cle 
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Fi gu re 1. Sche ma tic re pre sen ta ti on of the me ta bo lic path ways through which the NEB may af fect ova ri an func ti on.
Re du ced glu co se avai la bi li ty eit her by or in com bi na ti on with low in su lin and lep tin con cen tra ti ons and high
NEFA con cen tra ti ons sup press the GnRH pul se ge ne ra tor in the hy po tha la mus. Sub se quent LH pul se fre quen cy is 
re du ced and fol li cu lar de ve lop ment is in suf fi cient ly sti mu la ted. At the ova ri an le vel, low in su lin, lep tin, IGF-1 and
glu co se con cen tra ti ons and high NEFA con cen tra ti ons ham per fol li cu lar de ve lop ment, re sul ting in in suf fi cient po -
si ti ve feed back of estro gen on the hy po tha la mus. De pen ding on the se ve ri ty of the NEB, the dis tur bed neu ro-en do -
cri ne re gu la ti on re sults in the ces sa ti on of fol li cu lar de ve lop ment, which le ads to ano vu la ti on or cyst for ma ti on.



ac qui res even more LH re cep tors in the gra nu lo sa cells,
thus enab ling the use of in cre a sed LH con cen tra ti ons for
con ti nu ed growth and de ve lop ment. Fur ther mo re, the
do mi nant fol li cle con so li da tes its do mi nan ce by re du -
cing FSH re le a se through a ne ga ti ve feed back by es tra di ol
and in hi bin, the re by pre ven ting the fur ther growth and
de ve lop ment of any sub or di na te fol li cles (Gin ther et al.,
2000; Gin ther et al., 2001).. In ad di ti on, the fu tu re do mi -
nant fol li cle ex hi bits chang es in the in su lin-like Growth
Fac tor (IGF) Sy stem short ly be fo re the pro ces ses of se -
lec ti on and de vi a ti on. De cre a sed con cen tra ti ons of bin -
ding pro teins re sult in an in cre a se of the bio-avai la ble
frac ti on of IGF-1 and 2 in the fol li cu lar fluid of the do mi -
nant fol li cle (Mihm et al., 2000; Aus tin et al., 2001; Beg
et al., 2001). Both growth fac tors sti mu la te cell pro li fe ra -
ti on and es tra di ol pro duc ti on and aug ment gra nu lo sa cell
sen si ti vi ty for FSH (Spi cer et al., 2001), the re by enab ling 
the do mi nant fol li cle to fur ther use the now very low FSH 
con cen tra ti on in its pro cess of con ti nu ed growth. Other
in tra fol li cu lar fac tors such as in hi bin, ac ti vin and fol lis ta tin
may (Mar tin et al., 1991; Aus tin et al., 2001) or may not
(Lo pez-Diaz and Bosu, 1992; Beg et al., 2001) play a role 
in the pro cess of se lec ti on and de vi a ti on of the do mi nant
fol li cle.

Sub se quent ly, the do mi nant fol li cle will eit her ovu la te,
be co me at re tic or de ve lop into a cyst (But ler, 2003). To
be able to ovu la te, the do mi nant fol li cle must eli cit a
pre-ovu la to ry LH sur ge through in cre a sed es tra di ol pro -
duc ti on (re vie wed by Ma hesh and Brann, 1998). In the
post par tum cow, FSH is not a li mi ting fac tor for the ini ti a -
tion of fol li cu lar de ve lop ment and hen ce the fol li cu lar
wave sin ce se cre ti on is ge ne ral ly ob ser ved as ear ly as day 
5 post par tum. Rees ta blish ment of pul sa ti le LH se cre ti on, 
on the ot her hand, seems to be more va ri a ble and the am -
pli tu de and fre quen cy of its pul sa ti le re le a se de ter mi ne
the do mi nant follicle’s fate (Roche et al., 1996). Espe ci al ly
a dis tur bed LH pul se fre quen cy le ads to the ces sa ti on of
fol li cu lar growth. Fur ther mo re, the ab sen ce or the bad ti -
ming of the pre o vu la to ry LH sur ge re sults in the ano vu la -
ti on of the do mi nant fol li cle.

ME TA BO LIC CUES OF NEB

Glu co se and in su lin

Du ring the NEB in the ear ly post par tum pe ri od, cir cu -
la ting glu co se and in su lin con cen tra ti ons are low and pe -
rip he ral in su lin re sis tan ce oc curs (Beck et al., 1983; Stau -
fen biel et al., 1992; Sano et al., 1993). The se al te ra ti ons
af fect me ta bo lic fuel par ti ti o ning, as they li mit glu co se
up ta ke by the pe rip he ral tis su es, gu a ran tee ing glu co se
avai la bi li ty for lac to se pro duc ti on by the mam ma ry
gland, an or gan which does not re qui re in su lin for glu co -
se up ta ke (Col lier, 1985). 

Ho we ver, me ta bo lic fuel avai la bi li ty is cru ci al for fer -
ti li ty: in for ma ti on on me ta bo lic fuel avai la bi li ty is sig na -
led to the hy po tha la mus and fo re brain, through which it
af fects GnRH and sub se quent LH re le a se (Wade and
Schnei der, 1992; Wade et al., 1996). Although se ver al
(me ta bo lic) hor mo nes may have a sig nal ling func ti on, it
seems that main ly glu co se (Clar ke et al., 1990; Me di na et 
al., 1998; Dis kin et al., 2003; Ohku ra et al., 2004) and in -
su lin (Mil ler et al., 1995; Mil ler et al., 1998; Ta na ka et al., 
2000) af fect GnRH re le a se at the hy po tha la mic le vel.
Ener gy re stric ti on seems to ac ti va te spe ci fic neu rons in
the fo re brain, which sup press the hy po tha la mic GnRH
pul se ge ne ra tor through the re le a se of spe ci fic pep ti des
such as Neu roPep ti de Y (Ichi ma ru et al., 2001; Dis kin et
al., 2003) and ca thecho la mi nes (Wade and Jo nes, 2004),
re sul ting in re du ced pul sa ti le LH re le a se from the pi tuit -
ary. The role of in su lin, ho we ver, in re gu la ting GnRH
and LH pul sa ti li ty is con tro ver si al, sin ce in su lin may in -
di rect ly in flu en ce go na dot ro pin se cre ti on by al te ring the
avai la bi li ty of oxidizable fuels such as glucose (reviewed 
by Wade and Jones, 2004). 

In ad di ti on, low in su lin le vels may di rect ly af fect fol li cle
growth at the ova ri an le vel.  Insu lin is a po tent sti mu la tor
of fol li cle cell ste roi do ge ne sis and pro li fe ra ti on in vi tro
(Ma ta ma ros et al., 1990; Spi cer and Echtern kamp, 1995;
Camp bell et al., 1996; Gu tier rez-Agui lar, 1997; Pri ce
and Sil va, 1999) and in vivo (Simp son et al., 1994;
Armstrong et al., 2002). Mo re o ver, in su lin is im por tant
for fol li cu lar ma tu ra ti on (Lan dau et al., 2000) and nor -
mal ova ri an func ti on post par tum (Mi y os hi et al., 2001),
as it in cre a ses the ste roi do ge nic ca pa ci ty of the do mi nant
fol li cle (But ler et al., 2004).

The im por tan ce of in su lin for post par tum ova ri an
func ti on is il lu stra ted by the as so ci a ti on be tween low cir -
cu la ting in su lin con cen tra ti ons and aber rant ova ri an
func ti on (Push pa ku ma ra et al., 2003) such as the for ma ti on
of cys tic ova ri an fol li cles in the ear ly post par tum dai ry
cow (Van hol der et al., 2005), alt hough this was not ob -
ser ved by Beam (1995). In ad di ti on, isoe ner ge tic diets
that sti mu la te in su lin re le a se have a be ne fi ci al ef fect on
ova ri an func ti on and re pro duc ti ve per for man ce in high
yiel ding dai ry cows, wit hout af fec ting LH re le a se (Gong
et al., 2002).

In con clu si on, glu co se and li ke ly in su lin as well are
im por tant me ta bo lic cues in flu en cing fol li cle growth at
both the hy po tha la mic le vel and at the ova ri an le vel.
Insu lin may exert its ef fects eit her di rect ly or else in di -
rect ly by af fec ting me ta bo lic fuel avai la bi li ty.

 Growth hor mo ne and IGF sy stem

Du ring the ear ly post par tum pe ri od, cir cu la ting con -
cen tra ti ons of Growth Hor mo ne (GH) are in cre a sed.
High GH con cen tra ti ons sup port milk pro duc ti on, as re -
flec ted by the in cre a sed le vels in high ge ne tic me rit cows
com pa red to low ge ne tic me rit ani mals (Bonc zek et al.,
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1988). Although ear ly stu dies re por ted a po si ti ve ef fect
of exo ge nous GH on ova ri an fol li cle de ve lop ment (Gong 
et al., 1991; Gong et al., 1993), la ter stu dies re ve a led that
this ef fect was me di a ted through in cre a sed pe rip he ral
con cen tra ti ons of in su lin and IGF-1 (Gong et al., 1997).

Con tra ry to the high GH con cen tra ti ons, IGF-1 con -
cen tra ti ons are de cre a sed du ring NEB. This may seem
con tra dic to ry, sin ce GH sti mu la tes IGF-1 pro duc ti on and 
re le a se by the li ver, by bin ding to its re cep tor GHR1. Ho w -
e ver, ex pres si on of GHR1 in the li ver is down re gu la ted
during ear ly lac ta ti on (Ko bay as hi et al., 1999) due to the
low in su lin con cen tra ti ons, hen ce un cou pling the GH-
 IGF-1 pathway (But ler and But ler, 2001). 

As men ti o ned ear lier, the IGF sy stem plays an im por -
tant role in fol li cu lar growth and de ve lop ment (Beam and 
But ler, 1999; Webb et al., 1999). Con se quent ly, low cir -
cu la ting IGF-1 con cen tra ti ons are link ed to a re tar ded on -
set of ova ri an ac ti vi ty (Beam and But ler, 1997; Push pa -
ku ma ra et al., 2003) and the de ve lop ment of cys tic ova ri an 
fol li cles (Zulu et al., 2002).

In con clu si on, IGF-1 may be a me ta bo lic cue at the
ova ri an le vel. Ho we ver, in view of the role of in su lin in
cou pling IGF-1 pro duc ti on by the li ver to in cre a sed GH
con cen tra ti ons, it may be that in su lin plays a more im por -
tant role as a me ta bo lic hor mo ne in the post par tum dairy
cow. 

Lep tin 

Lep tin is a re cent ly “new” hor mo ne. It is pro du ced by
adi po cy tes, and is re gar ded as the ul ti ma te fac tor link ing
me ta bo lic sta tus to re pro duc ti on (Ba rash et al., 1996).
Du ring the ear ly post par tum pe ri od, lep tin con cen tra ti ons
are re du ced in ac cor dan ce with the NEB (Block et al.,
2001). De pen ding on the me ta bo lic sta te of the ani mal,
lep tin has eit her a sti mu la to ry ef fect or no ef fect at all on
hy po tha la mic-pi tuit ary func ti on in catt le (Wil li ams et
al., 2002; Amstal den et al., 2005). Spi cer (2001) hy po -
the si zed that abo ve a cert ain thres hold le vel, lep tin acts as 
a trig ger to ini ti a te hy po tha la mic-pi tuit ary go na dot ro pin
se cre ti on. Ho we ver, as al re a dy men ti o ned for in su lin,
lep tin may in di rect ly in flu en ce gon dot ro pin re le a se by
af fec ting the avai la bi li ty of oxid iza ble fuel, i.e. glu co se
and fat ty acids (Shnei der, 2004).

Be si des its ef fects on the cen tral ner vous sy stem, this
hor mo ne also seems ca pa ble of mo du la ting ova ri an func -
ti on by ac ting di rect ly on fol li cu lar cells (Spi cer et al.,
1997; 1998). The ef fects on ste roi do ge ne sis and cell pro -
li fe ra ti on, ho we ver, are de pen dent on the le vels of cir cu -
la ting con cen tra ti ons of  IGF-1, LH and in su lin (Spi cer et
al., 1997; 1998; 2000). 

In the post par tum dai ry cow, a clear re la ti ons hip be -
tween lep tin pro fi les and first post par tum ovu la ti on is
lac king (Lie fers et al., 2003), alt hough a mi ni mum per -
mis si ve le vel of lep tin seems re qui red to in du ce the first

post par tum LH sur ge and hen ce the first post par tum ovu -
la ti on (Hus ze nic za et al., 2001; Lie fers et al., 2003).

In con clu si on, lep tin does not seem to play an es sen ti al 
role in link ing ener gy sta tus to re pro duc ti on, alt hough a
per mis si ve ef fect is exer ted (re vie wed by Wade and Jo -
nes, 2004).

Non-es te ri fied fat ty acids (NEFAs) and ke to nes

A NEB is also cha rac te ri sed by ele va ted NEFA and ke -
to ne con cen tra ti ons (Ruk kwam suk et al., 2000). At the
hy po tha la mic-pi tuit ary le vel, NEFAs may act as me ta bo -
lic mes seng ers, af fec ting go na dot ro pin se cre ti on (Can -
field and But ler, 1990), alt hough more re cent re search
does not sup port the idea of NEFAs being a me ta bo lic cue 
for the GnRH pul se ge ne ra tor, at le ast not in well fed go ats
(Ohku ra et al., 2004). Due to the li mi ted num ber of pu bli -
ca ti ons on the to pic, the in vol ve ment of NEFAs as me ta -
bo lic cues for the cen tral ner vous sy stem can not be ex clu -
ded (re vie wed by Wade and Jo nes 2004).

At the ova ri an le vel, NEFAs may di rect ly af fect fol li -
cu lar growth and de ve lop ment by ac ting on fol li cle cells.
Re cent ly, it was de mon stra ted in vi tro that the ad di ti on of
NEFAs, at con cen tra ti ons me a su red in the fol li cu lar fluid
du ring the NEB (Le roy et al., 2005), have a det ri men tal
ef fect on gra nu lo sa en the ca cell vi a bi li ty and func ti on
(Jor rits ma et al., 2004; Van hol der et al., 2005; Van hol der
et al., 2006b). In vivo, both the de lay ed on set of ova ri an
ac ti vi ty du ring the ear ly post par tum pe ri od (Hus ze nic za
et al., 1988;  Beam and But ler, 1997) and the for ma ti on of
cys tic ova ri an fol li cles (Hus ze nic za et al., 1988;  Zulu et
al., 2002) have been as so ci a ted with in cre a sed NEFA
con cen tra ti ons. In ad di ti on, in view of the im por tan ce of
in su lin for re pro duc ti on, NEFAs may af fect ova ri an
func ti on in di rect ly as they are ca pa ble of re du cing in su lin 
re le a se from the pan cre as in rats (Ma son et al., 1999). 

Be si des NEFA, in cre a sed se rum ke to ne con cen tra ti ons
are as so ci a ted with de lay ed re sump ti on of ova ri an cy cli -
ci ty af ter par tu ri ti on (Hus ze nic za et al., 1988; Opso mer
et al., 2000; Reist et al., 2000) and with the for ma ti on of
ova ri an cysts (Do hoo and Mar tin, 1984; Anders son et al., 
1991). Ho we ver, the re is no clear evi den ce, eit her at the
hy po tha la mic le vel (Wade and Jo nes, 2004) or at the ova -
ri an le vel (Van hol der et al., 2006a), that ke to nes may act
as me ta bo lic cues.

CON CLU SI ON

The NEB seems to af fect fol li cu lar de ve lop ment and
ovu la ti on at the le vel of the hy po tha la mus main ly through
chang es in me ta bo lic fuel avai la bi li ty. Alte red in su lin
and lep tin con cen tra ti ons may exert a di rect ef fect on go na -
dot ro pin se cre ti on, alt hough their in di rect ef fect through the 
re gu la ti on of fuel par ti ti o ning and avai la bi li ty seems
more im por tant. At the ova ri an le vel, re du ced con cen tra ti ons
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of in su lin, lep tin and IGF-1, to ge ther with re du ced fuel
avai la bi li ty and high NEFA con cen tra ti ons, me di a te the
ne ga ti ve ef fect of the NEB on fol li cle growth and de ve -
lop ment.

Although the oc cur ren ce of an NEB in high yiel ding
dai ry cows ear ly post par tum is ine vi ta ble, the aim of an
op ti mal dai ry ma na ge ment pro gram should be to li mit
the se ve ri ty and du ra ti on of the ne ga ti ve ener gy ba lan ce.
To achie ve this, the trans iti on pe ri od is cru ci al. Re cent re -
search in the U.S. (Drac kley, per so nal com mu ni ca ti on)
has shown that the le vel of fee ding al re a dy in the ear ly
dry pe ri od plays an im por tant role in de ter mi ning feed in -
ta ke af ter par tu ri ti on. In ad di ti on, fee ding “in su lin oge -
nic” diets af ter par tu ri ti on over a long er pe ri od seems to
re sult in an ear lier re sump ti on of ova ri an ac ti vi ty le a ding
to bet ter fer ti li ty. Con se quent ly, fu tu re re search should
fo cus on op ti mi zing lac ta ti on diets with a view to in du -
cing hig her le vels of glu co se and hormones such as
insulin and IGF-1. 
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