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Abstract There is conflicting evidence regarding the effect of raised body mass index (BMI) on the outcome of assisted reproductive
technology. In particular, there is insufficient evidence to describe the effect of BMI on live birth rates. We carried out a systematic
review and meta-analysis of studies to evaluate the effect of raised BMI on treatment outcome following IVF/ICSI treatment. Sub-
group analysis on overweight and obese patients was performed. Literature searches were conducted on MEDLINE, EMBASE and the
Web of Science from 1966 to 2010. Thirty-three studies including 47,967 treatment cycles were included. Results indicated that
women who were overweight or obese (BMI > 25) had significantly lower clinical pregnancy (RR = 0.90, P < 0.0001) and live birth
rates (RR = 0.84, P=0.0002) and significantly higher miscarriage rate (RR=1.31, P < 0.0001) compared to women with a BMI
< 25 following treatment. A subgroup analysis of overweight women (BMI > 25-29.9) revealed lower clinical pregnancy (RR = 0.91,
P =0.0003) and live birth rates (RR = 0.91, P =0.01) and higher miscarriage rate (RR = 1.24, P < 0.00001) compared to women with
normal weight (BMI < 25). In conclusion, raised BMI is associated with adverse pregnancy outcome in women undergoing IVF/ICSI
treatment, including lower live birth rates. This effect is present in overweight as well as obese women, o -
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Introduction

Obesity has become a worldwide epidemic, with approxi-
mately 1.6 billion adults being overweight and 400 million
obese (Prentice, 2006; WHO, 2006). In many European coun-
tries, over half of women of reproductive age are either
overweight (body mass index (BMI) 25-29.9 kg/ m?) or obese
(BMI >30 kg/m?) (International Obesity Task Force, 2002;
Balen and Anderson, 2007; Koning et al., 2010).

Obesity is associated with a range of health conse-
quences, including a detrimental effect upon reproductive
health. Compared with women with normal BMI
(18.5-24.9 kgfmzj. women with a raised BMI are known to
have a threefold greater risk of infertility due to distur-
bances in the hypothalamic—pituitary axis, menstrual cycle
alterations and anovulation as well as psychological and
social factors (van der Steeg et al., 2008; Brewer and Balen,
2010). Obesity is also associated with higher risk of preg-
nancy complications (Linne, 2004; Catalano and Ehrenberg,
2006; Stothard et al,, 2009; Shirazian and Raghaven, 2009;
Metwally et al., 2010). Nevertheless, there is conflicting
evidence regarding the effect of raised BMI on the outcome
of assisted reproduction technology. Although some studies
have reported no adverse effect of raised BMI on IVF out-
come (Lashen et al., 1999; Winter et al., 2002; Styne-Gross
et al., 2005; Dechaud et al., 2006; Bellver et al., 2007;
Matalliotakis et al., 2008), others have linked raised BMI
with a negative impact on outcome. This included the need
for higher doses of gonadotrophins, fewer oocytes col-
lected, higher cancellation rate and reduced pregnancy
and live-birth rates, as well as higher miscarriage rates
(Wang et al., 2000; Fedorcsak et al., 2000, 2004; Veleva
et al,, 2008; Robker, 2008; ESHRE Task Force on Ethics
and Law, 2010). Two recent systematic reviews found insuf-
ficient evidence regarding the impact of raised BMI on the
live-birth and miscarriage rates after |VF treatment
(Maheshwari et al., 2007; Metwally et al., 2008). Since the
publication of these two reviews, numerous studies have
been published investigating the link between raised BMI
and IVF outcome. The aim of this study was to perform an
up-to-date systematic review of existing literature to eval-
uate the impact of BMI on the pregnancy outcome after
IVF treatment and, if possible, to determine the impact of
overweight (BMI >25-29.9kg/m?) and obesity (BMI
=30 kg/m?) on IVF outcome separately.

Materials and Methods
Search strategy and identification of literature

Literature searches were conducted via Medline (1966—2010)
and Embase (1966—2010) and the Institute for Scientific Infor-
mation conference proceedings. A combination of medical sub-
ject headings (MeSH) and text words were used to generate two
subsets of citations, one including studies of body mass index
({"overweight', "obesity’, "‘body mass index’, "BMI", "hip-waist
ratio’) and the other including studies of IVF and intracytoplas-
mic sperm injection (ICSI) ("in-vitro fertilization', ‘embryo
transfer’, "intracytoplasmic sperm injection’, "assisted repro-
duction techniques’). These subsets were combined with "AND"
to generate a subset of citations relevant to the research ques-

tion. No language restrictions were placed on any search. The
searches were conducted independently by VR and SKS.

Study selection and data extraction

Studies were included if they investigated the effect of BMI
on pregnancy outcome in women undergoing IVF treatment
with or without ICSI. Studies involving natural cycle concep-
tion, oocyte donation, intrauterine insemination or induc-
tion of ovulation were excluded. In addition, studies
reporting alternative parameters for obesity (e.g. waist/hip
ratio) were also excluded.

Studies were selected in a two-stage process. In the first
instance, two reviewers (VR and SKS) independently scruti-
nized the titles and abstracts from the electronic searches
and full manuscripts of all citations that definitely or possi-
bly met the predefined selection criteria were obtained.
Following examination of the full manuscripts, final inclu-
sion or exclusion decisions were made. Assessment of the
manuscripts was performed independently by two reviewers
(VR and SKS), and any disagreements about inclusion were
resolved by consensus after consultation with two
co-authors (55 and TE).For each study included, information
was obtained regarding population size, study design, BMI
categories used and population numbers in each category,
exclusion criteria and outcome measures.

The data collected was initially combined into one study
group that had BMI >25kg/m’ (overweight and obese
patients) and compared with a control group
BMI < 25 kg/m?. The latter did not exclude underweight
women (BMI < 18.5 kg/m?), as most authors studying this
BMI category did not report if underweight women were
included in their analysis. Thereafter, a subgroup analysis
on overweight (BMI >25-29.9 kg/m’) and obese (BMI
>30 kg/m?) patients was performed and each compared
with the normal BMI group (BMI < 25 kg/m?).

Outcome measures

The outcome measures of interest were clinical pregnancy,
miscarriage and live-birth rates. For the purpose of this
review, clinical pregnancy was defined as the observation
of a pregnancy sac on ultrasound at least 4 weeks after
embryo transfer. Miscarriage was defined as any pregnancy
loss, including biochemical pregnancies, occurring before
20 weeks of gestation. Other outcome measures, such as
duration and dose of gonadotrophin used for ovarian stimu-
lation, number of oocytes retrieved and peak oestradiol
concentrations were also studied.

Statistical analysis

Outcome data from each study were pooled and expressed
as risk ratio (RR) with 95% confidence interval (Cl) by using
either a fixed-effect model (Mantel and Haenszel, 1959) or
a random-effect model (DerSimonian and Laird, 1986) if sta-
tistical heterogeneity in the outcome data was detected.
Heterogeneity of treatment effects was evaluated graphi-
cally using forest zplots {Lewis and Clarke, 2001) and statis-
tically using the I* statistic to quantify the variation across
studies caused by heterogeneity (Higgins and Thompson,
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2002). An I* value <50% was considered evidence of signifi-
cant heterogeneity. Exploration of clinical heterogeneity
was conducted using variation in features of the study pop-
ulation, intervention and study quality. Statistical analyses
were performed with RevMan 5.0 software.

Results

The search strategy yielded 422 citations, all captured from
electronic citations (Figure 1). Of these, 346 publications
were excluded, as it was clear from the title and/or
abstract that they did not fulfill the selection criteria. From
the remaining 76 articles, 17 were excluded, as they were
duplicate publications, two of which (Munz et al., 2005;
Lenoble et al., 2008) were counted twice as they appeared
three times in the search (Wittemer et al., 2000; Loveland
et al., 2001; Salha et al., 2001; Krizanovska et al., 2002;
Wang et al., 2002; Kolibianakis et al., 2003; Nichols et al.,
2003; Munz et al., 2005; van Swieten et al., 2005; Dorkras
et al., 2006; Lenable et al., 2008; Martinuzzi et al., 2008;
Sneed et al., 2008; Jungheim et al,, 2009; Vilarino et al.,
2011) and 23 studies were excluded as the WHO criteria
for BMI classification was not used. The authors of the three
abstracts with insufficient information for inclusion eligibil-
ity were contacted via email to obtain more information. No
reply was received and therefore these three studies were
excluded (Woodford et al., 2006; Novi et al., 2007; Migotto
et al., 2010).

For the remaining 33 articles, full manuscripts were
obtained for scrutiny and data necessary for the analysis

were then extracted. The main characteristics of the stud-
ies are presented in Table 1.

Study characteristics

There were only two studies that were prospective observa-
tional studies and the remaining studies were retrospective.
Out of the 33 studies, only one study was a case-control
study, the remaining were cohort studies. They were all sin-
gle-centre studies. There were 25 studies in the group with
BMI < 25 versus BMI >25 kg/m’, 16 studies in the group BMI
18.5-24.9 and BMI 25-29.9 kg/m® and 15 studies in the
group BMI 1B.5-24.9 and BMI >30. In total, 33 studies
including 47,967 IVF/ICSI cycles were included in the
review: BMI < 25kg/m?, n=32,496; and BMI >25 kg/m?,
n=1547M.

Primary outcome

Live-birth rate per IVF/ICSI cycle

BMI < 25 kg/m? versus BMI >25 kg/m?: the pooled results
from nine studies showed a statistically significant reduction
in the live-birth rate in women with BMI >25 kg/m? com-
pared with women with BMI < 25 kg/m? (RR 0.84, 95% CI
0.77-0.92, P = 0.0002; Figure 2A). There was no significant
heterogeneity between the included studies (/* = 21.3%).
Normal BMI versus BMI 25-29.9 kg/m’: the pooled results
from five studies showed a statistically significant reduction
in the live-birth rate in women with BMI 25-29.9 kg/m?
compared with women with normal BMI (RR 0.91, 95% CI

Total number of citations retrieved from
electronic searches and from examination of

reference lists of primary and review articles:
n=422

Citationy excluded after
screening ttles and for
abstracts: n= 346

Full manuscripts retrieved for detafled evaluation: n= 76

Articles excluded with reasons:
o  Duplicate studies: n= 17
e BMI cut off value criteria not met:
n=23
¢ 3 abstracts where authors have been
contacted

Primary articles included in systematic review: n= 13

Figure 1  Study selection process for systematic review on effect of body mass index (BMI) on IVF treatment outcome.



V Rittenberg et al.

424

(a8pd 1xau vo panuiuod)

syaam pz< KoueuSaxd

SuloBuo Jo pasaayep saldwy aes Axueudaud Bulodup
BAIBDU0D

0} ain)ie} se paiapisuod saueudaid jEdwaydolg
sishjeue jesaa0

10} 53]9A2 pG| ‘asuodsal jood 10} pajeiued 531940 97

E3LT)
foueudaud BuloduQ
uoloqe snoauejuods
el

KoueuBaud ey
siajsuen

oiqua jo "oN
siaqunu 314300

23es uole|adue)
HS4

sa)24A2 JouoQ
siajsuel) ofuquia Uazoid
siajsuedy 1540035819

UsHUom

69 ‘sa)h) €6 167<
UaLom

Aluo Jal ‘(6661 YIIBW—L661
Aienuer) aandadsonal 'sa)a4d

jo3010ud dn aJey ascposdjw so jodojoud Suol  Jo uonesnp pue asoq aBe jo sieak pp< 0L ‘sephd 48 1§75 081 ‘uawom gL ‘(100Z) "1 12 puRjaA0T
USWOM L1 6E<
ajpka uo ueyy aiow USLWIOM +OE 6'FE—0E
JUSMISBPUN USWOM SWOS ‘Uallom Jad s3woxng foueuBaud jeaund USLIOM ¥1B *6'61-5T 141971501
JajsuBs] 0AIGLIS J1JE SHa3M 9— 18 JBS JuoAIqa  3uo 3583 I8 Bulasiye USUWOM D161 “6'FT-0T /4Nl ‘(8661 —£861) 3andadsonal
10 AydesSouoseiyn Ag paulwiaiap AsueuBalg 10 Ageqoid pajels auoN UDLUOM, L 207> ‘uawiom 985E ‘(DO0T) ‘1€ 12 Buem
531240 jo ‘ou u| pazhjeue pue gf -
uely Jadunod ualwom Joj UaAB awoxno Asueusald aiea fuaanag UWOoM 68 “15T< 1S21/4A1 “(B&6L
(HS4 YIm pauiquiod a1enpd 2., aBeLIEISIW uaWoMm 7ZZ '67-0Z | Mdy—L66) Jaquadag) amidadsonal
auaydiwo)d Supn)aut) 31342 uolIRINWINS JUaI34IA 1.l foueuBauy pa1e1s auon USWOM /8 07> ‘uawom g6 '(0007) “1B 12 JSWITUM
el yuig-aji
Zl
uolIEISaB JO HIOM 7| PUE SHISM G §aam Jalje uopsoqy
1€ Ue2S punosenin ‘g| Aep DIH JO JuAWAINSEAW 7| PUE 9 %aam
uo11391102 ulamiaq uoloqy
214200 131je ¢ 10 £ ‘7 Aep pauajsuen) soliquia £—| $HaIM §
210J3q UojIogY
{HS4 yum 31201 Palan0dal IS21/4M1
auaydiwo) Buipnjaut) sa12A> uoHEINWIIS U3} 5314700 JO "ON eyep USWOM 6/ (GT< ‘(ge6l Auenuer—gaal 1SnBny) 1oYyod
Ajuo aydnoa yaea Joj Adueulaid 1514 Jo uoISNOY| HS4 Jo Junowy @191dwoouy oy suaned 7} UaLWIOM POE 67> ‘uatuom €8¢ ‘(000Z7) "1e 12 yesduopay
siaquunu

SJUALILLIO)

Sa.nspall aWwoalng

DUa}LD uoisnaxg  puo (,w8y) dnois 1wg

*sa|pnis Papn|aul Y1 JO SIASLISIIRIRY)

| @1qeL




425

Effect of BMI on IVF treatment outcome: a systematic review

(a8pd 1xau uo panupuod)

UONEIS3S JO SY3aM [—G T8 PUNOSEIIN UO J8S |euoie)sal

40 s duofiquwa jo aduasqe Jo aBewuedsiw papodas jjas Ag 1oyl
‘uonjesal jo sxaam 9 asojaq alieluedsiw se pauyap sso) Aoueulalg
uopEINAC J3je 9| Aep uo 1/Ni 0L= DIH Se pauysp AoueuBald

¥ Aep 1533 foueuBaud Aseuun aanisod se pauyap AsueuBalgd
sdnoJd Juawneas) oml J0 sawiBal uoIIRNWNS JUaI34IQ

foueuBasd jesiund jo uoniuyap oN
sofuqua pue s314200 JO "ON UBaW

Papn)ou} uswom SODd

wBweas) Jo Jels asojaq seak | 03 dn painseaws jwg

uopesal

40 $3@am 07 210jaq 550] AaueuBaud se pauyap uoiioge snoauejuods
poLiad jenuisuaL 158) JALJR SH9aM g

9 1€ punosen|n Aq ueay 1B13) Jo acuasaid se pauyap AoueuBalgd

uopIeIsad Jo sxya@am gz > AsueuBaud se pauyap uojuoge snoauejuods
J2jsuen oAuquis JS1Je SHaoM 9—f
e ueds punosesjin Ag Jes Jwoliquws Jo aduasasd se pauyap Loueudald

foueuBasd asojaq seak | > painseall (wg

s50] foueudaud Ape3

ajes AdueuBaigd

SSHO

saBeluedsiy
foueudaid e
soluquia

40 "ou ‘uoezi)ay
‘sayhooo

10 ‘ou afelany

a8eLuedsi
snoaueuods

uojLIoge
m_._gﬂncam

pajels auoN

PalEls aUON

paiels auoN

salpueudald ndoyog

passasse jou
Sem |wg Jo snjels
S0Dd Is0ym uawiop

UUOM G GE<
USWOM £01 :GE—170F
UsWom EFT S0E— 17T
uslWom L0L (62581

UaLloM 92 581~

USWop 91 0E<
UDWOM LE ‘0E—GZ<
UBWoM $01:62-07<

usawiom LE 07>

USLWIOM 67 :0f<
Uatiom 6/ 0E—SE
USWIOM EL) 6207
U3WOoM Of 0781
UDWIOM 7 91>

UaWomM 0L ‘6E<
UBWIOM 861 6" PE—OE
UIWIOM £0S 676761

UIuom

8051 6'¥7—5'81

USWom 0L 681>

UBWOM 06 :GE<
USWIOM 91 L 16°FE—OF
UIWOM LEZ '6°62-ST
UIWOM 605 :6'FT—0T

UAWIOM 711 107>

1419

J1S1/4A1 “(6661—¥661) 1HoYad
‘uawiom £Z11 “(Z00Z) ‘18 12 J2uim

4Nl ‘(000T 12qu2d3q—666 1
fenuer) aansadsollal ‘Ualuom
Z81 ‘(Zooz) "1e 12 Yyosupa4

IS2174A1 ‘(6661 BUNr—L661
Aienuer) aalzoadsoiiad ‘uawiom

60t '(Z00Z) 10 12 BysAoURZUY

L19/1801

/4A ‘(6661 —L861) @a130ads0nial
‘uawiom 6FEZ (Z007) 1R 12 Buem,

1419

/121741 “(6661—£861) Loyod
‘uatwom gLol ‘(100Z) "1 12 Buem

SIUSWWIO)

SaUNSDAW SWOIING

Siaquinu

DLI3LID UOjSN}IXT  pup (L /8Y) dnois [wg

(panunuod) | ajgey




V Rittenberg et al.

426

{aBpd jxau uo panujjuod)

paipmis 531243 uopeINWS 151y Aug

$HaIM 7| > UoiLI0ge snodueluods se pauysp uclogqy
Ksueudaid Jeawalydolq se pauyap Aoueudasd eduld
SSHO 40 asuodsal sood §i sa2Ao pajjedue)

apha

juawnean aiojsq sAep 0g UEIpall B paunseall |wg
FfoueuBaid

a)qeia jo suBis punosein Inoyim Loueudaud
jesuwuaydolq se pauyap sso) Aoueuiaud Apey
1eAaLa) 314200

s234e i Aep uo 1/ 0Z < 9IH Se pauyap Aueusald
passajsues) soliquia aauyy o3 dn

£ 40 7 Rep Jajsuen oliqui3

LA

/8 6 < [wa pue afe Joj paydepe as0p HS4 Bupels

e uoloqy

el foueuliaud e
J181 UDIIBZIID
SSAL{IY] elawopul
paalnal

$334200 JO ‘ON
UOREINWIS jO 3as0g
uoienwils jo sheg

ajed yuig-aan
SHaam T <
afeLuedsiw

SHaam 1

—g aBepuedsiy

530) AdueuBaxd Ape3
sajpueudaud
1e2wayoolq Jo "oN
paidxaod

5314200 JO "ON
sapia

peliedued JO "ON
HS4

JO uopRINp pue 3sog

el
AaueuBaud jeu)
pasainad

sa1A200 Jo "ON

ajed
AaueuSaud BujoBup
ajes uonyejuejduwy)

UBWOM 67 DE<
ualuom 7t 085

paje)s 2UoN USWoM 0L 57~

531249

£9F ‘UBWOM LT DE<
$31242 £96

‘USLIOM #0S 6°6T ST
Sa)24D /G ‘UDLIOM
6E81 6'PZ—578I
$91242 9¢

paleIs UON  ‘UIWOM 9L 1§58l

521247 00F GE<
531240 pZL 6'PE-OE
sa12h) ZE9) :6°6T—ST
3124 GO9E :6'FZ 0T

p1o sieak Qi< uaWwom 53124 99¢% 07>

UBLIOM 6/ :GE<
USLWOM 68 ‘6'FE—OE

1S1/4A1 “|RUOHIEAISQO ‘531243
887 ‘USWOM 791 “(S00Z) 1€ 12 UIIDAMS URA

1521/4A1 “(Z00Z Aew
—9661 1aquadag) aandadsonas ‘saho
6105 ‘uawom 0997 ‘(#00T) "1e 1 yesdiopad

4Al ‘@ansadsonal
‘sa12£0 /789 ‘(¥00T) "1 33 A3y

ISD1/4AI

SIUBWILLO)

paraLial UBWOM 6L 16'6Z-5T ‘(€007 UDJeW—000Z Y21eW) aAndadsosnal
5334200 JO 'ON  PIO SJEaA Ob= USWIOM UAWOM 09 67> ‘uawom 779 ‘(£007) e 3@ Apoog
SIaqLINL

§34NSDALW JWOIIND

DUBILD uosnix3  pup (i yBy) dnots \wg

(panujjuod) | a|qey



427

Effect of BMI on IVF treatment outcome: a systematic review

{(abod 3xau uo panupuod)

uoIeIsad Jo sHeam 07 03 dn

$50) AoueuBaud se pauyap aBeLuedsy
Jajsuen oluquwa g-Aep Jo £-Aeqg
jo20304d

aJley asopoudiw 10 j030304d Suo
Elbln]

4A] Ysadj 151U 2SI BULIND USLWIOM

UOIIEIINSUOY |B{U) 1B |WE
papnpu; susned s00d

AoueuBasd
1eaiwaydolq se pauyap AsueuBaig

sa|dwes pooyq e

U} paunsealw asam suojlenuasuad pidi
juaned yoea

WwoJj uaxe] asam saydies poojq anid

5314200 ainjew Jo “oN
pajesdse sa)31)j0§ Jo "ON
uopenwis jo sfeg

el uoljejadue)

aje) afeUseIsIw

ajel AoueuBaud jediu)
2)es uopeyueduw)
P212a1100 $31A200 JO "ON
HSd jo 9s50p pue uopneing

s8Ba pazijiua) Jo "ou ueay
5882 O "ou ueaw

el || pue | apess SSHO
ajes AoueuBaig

218l Aoueudalg

s3]9A3 314500 Jouog

siajsuen) oliqua passasasdolsy
531240 Jajsuesy oluqua 7-Aeqg
aBe jo sieak g < uawom

sjuajjed god

1020304d BUO] U0 10U UILIOAM
sofuquia pamey)

—USZ0.) PaAI3Ial OYM J0 “13J5uUer)
oligws pue 4A| jo sidwane alow
Jo g pey oym ‘saBujdiesolpiy

Jo saiBojoyied jeulaWopUa
juasedde pey oym ‘KiaBins
SULEIN JO AJOISIY B UM USWoM

Al 40 ||| 9peIB SSHO YIlm LaWwom

USLWOM &/ DF=
USLLIOM 9ET “6'6E—0E
USLLIOM G6Z 6°67 ST

USWIOM EB9 67>

sapha

BF ‘uswWom 9¢ 0E<
sajoho

£8 'USWOM B9 0f—GT
s3)2AD peg

‘uswom €87 707
mmwuiu_

¥9T 'uswopm 981 02>

USWIOM #7 (G <
UIWOM 87 'ST>

UBWOM $T 6Z<
UBLLOM BT 52>

1S2174A1 ‘(5002
judy—gegl Auenuer) asydadsonal
‘uswom E6Z1 ‘(9007) ‘1B 12 sexioq

1S21/4A1 (5007 Aew—£007
Jaquaidasg) aandadsosial ‘sa)ohd g8/
‘uawom £/6 ‘(900Z) "1e 19 pneydaq

1SJ1/4A1 “j04uca—ased aaydadsonal
‘uSwom 76 “(500Z) ‘1 19 Zuny

JAl ‘aandadsosd
‘uawom 76 '(5007) "1e 12 Uapewiey

sjuaunuol)

saunsoaw awadng

DLI3]143 UOISN)IXNF

siaquinu
pup (,wir8y) dnoss jwg

(panuijuod) | ejqe)



V Rittenberg et al.

428

(abod 1xau uo panuijuod)

PUNOSEIIIN U0 JBS |RUDIIRISIB JO
@ouasaud se pauyap AoueuBaud e
pasfieue juajed

yoea Joj sa12hd Juaunean i1siy fQuo

AydesBouos Ag paydaiap

AltAl)oe 1eay 18194 Yim Jes |euoiielsal
jo anuasaud se pauyap AoueuBaid el
Jajsuen ofuqua z-Aeg

papnaul siusned sOad-uou Aug

p=apnjoxa Jou SODd
sieah ¢f < pue sueak gf>
‘sdnosB afe om) oJUl paylens sapkd

jo30304d UoiIBNLWILS

UBLIBAO ‘531242 4A| Joud jo "ou ‘uoijeinp
pue sisouSelp AUl ‘98e S USWoM
1S3|QEIEA BUIPUNOJUOD 10} paljonuo)

SyMIg 247
sapueudaid jexu)
uolLIoge snoauejuods
sajoueuBaig
pasalial 5334200
sa)2f2 pajjeoue)

el afeluedsiw
3171

AoueuSasd jediun)
5314200 JO "ON

el
AoueuSaud e
pa13a)o2

5314200 jO "ON

HS4

4O UDIIRINP pue 3500

23
foueusaud (e

1.1 Aaaneq

a1el afeLuedsiy
=12

AaueuBaid ey
SSHO

ajes Jajsueiy

S18J UONEZIILISY

sapko
A>eSouns jeuo1IRISIn

$a1242 214200 JouoqQ
Jajsuen) oAuguuia uazosd

| adA3 sajaqeip
‘elawaeuoe|oidiadAiy
‘wsipjosdypiadiy /odAy
0Z>Iwg

sieak op< 28y

W8 Umousun
LM USWoM

s9PAD 1419

USWOM L0F 0E<
T=ATLITY

GIE ‘6’61 SL<
USLIOM

EL9 '6°PT-GBL<
UBWOM 8Z 581>

USWOM [£ 0f<
USWOM LLL 0E-GZ<
USWOM EEL GT-0Z

UaWopm 7Z 0E<
USWOM £11 66T ST
ualiom I+ 661

sadh) 1g 167<
$312AD 701 :6T>

4Al
‘{9007 y2sew—g0z Asenuer) aandadsoiial

‘sa12ho ££71 ‘(8007) "1 39 padus

ISD1/4Al "(€£00Z—T00T) 1eUDIIDaS
-55040 ‘usiom £GZ “(800T) 1B 1@ IUIoW

I1S21/4A1
‘(9007 Asenuer—ipoz Adsenuer) asydadsonads

‘531242 9z “(£007) 1@ 12 Anemiaw

4Al "woyod ‘sa12A £81 *(9007) "1e 12 Alemliw

SIUBWILLOD

S3INSDAW SWOIINY

D3] L3 UOIsN)IXI

siaquinu
pup (i y8y) dnois jwg

(panuijuod) | 3jqe)




429

Effect of BMI on IVF treatment outcome: a systematic review

(aépd jxau uo panujjuod)

punosesIn uo AJjAj3oR JelpIed jE1a) pue

Jes JeuoiieIsss Jo uojiezijensia se pauyap Adueudald 1eun)
UOpRNWS

1siuoBejue o JsiuoBe Jaiia Buioliapun suaned spdd Ao

suapied SOD4J-Uou pue SOd 0V} LOISIALG

UoIEISaE JO SHIIM 6§ 18 S9UOY

yeay 1e33j jo aduasasd ay) se pauyap Aoueudaid Suiodug
Jes Jeuoileisal e jo asuasaud se pauyap Aoueudasd jedwun)
fuo s2196 5014

uawdads ABojoyjed

abejiaund pue uoilee)p ul anssyy J3seiqoydos jo aduasasd
lo/pue AydesSouoses|n 1e 18aquUeay Yim Jes jeuoieisal
auusIneuL jo acuasald se pauyap AsueuBaud e
Jajsueny oliqua g-Aeg

31242 1801 Sunenul 01 Joud KjeIpawiwt |wg

uoile15al JO SHSam G| < Se pauyap aBeuuedsiw Jajen
uol1e1sal Jo sa3m G| > se pauyap aleusedsiw Apel

J8s |euoiieysad Jo asuasaud se pauyap LoueuBaud jediu)
pasn 31242 uoleINWws WRJB A

ayed AoueuBaid

2. uonezII4
$334200 Jo "oN

alel

foueudasd 1eiun)
1) uopejuedw|
pasaLnal

5314200 jo ‘oN

safeLueIsiw Jo “oN
el

AoueuBaxd jeaul)
ael uoneziiag
sa1f200 jo "oN

HS4

JO UOREIND pUE 350()

ajes adepuiedsiy
531342 pajjeoue)
EL]

foueuBaud jexu)
a3el foueuBaug

papniaxa
sjuanied s0D4-UoN

jw/8d og > |oIpenS30 pue
1/N1 04 > HSd £-Aep apahd

Yim papnaul uawom Ajug
PO sieak Gf < UIWOopMm

asuodsay

uewreao J0od e Bulaey
10 paidadsns sjuaned
S00d JO 2duasald
231242 jennsuaw
JenBau jo KAiojsiH
sieak O < abe ajeway
$3)0A3 mEY1—2Zaal4

$31243 uojjeuop ajhdoo pue
IWEH UMOUMUN YIIM USLLOM

UIWOM 86 62<
Uawom Zy 57>

USWom 76 0f<
USLWOM L4 :6°6TGL
USWOp

L9T 6°PT5781
Uawom LT 68l

531242

¥l 'uawWopm 701 (0E<
31242 6EE

‘UBWoM TTT 66751
531240 £79 ‘UIWOM
LSk 6 FT-5'8BI

sajaio

LEE ‘usWOom 96L :6Z<
531242 Gp0|

‘uaWwom £09 SZ-84
sa|ho

89 ‘UBWOM £¥ ‘Bl >

4Al ‘pouad Jseak

- & Buunp aanadsonal ‘saplo

0oL ‘(e6007) “1e 12 CIAIQ

1S21/4A1 *(900T 4oqwa3ag—007
13qo320) aasadsosial ‘uawom
L "(8002) “1e 18 1Zznupsew

1521 ‘aat1dadsonas ‘sapaka g1

‘uawom 62/ “(8007) 1e 32 JAuis3

IS21/4A1 “aandadsonal
‘31242 pirp) ‘uSWOM
98 ‘(8007) "1€ 12 3jqouaT]

Sjuawia)

saunspaw aWwodng

DLIAJID UOjSHIXT

SJaqUINU

pup (w/by) dnos jwg

(panuiuod) | ajqey




V Rittenberg et al.

430

{a8pd jxau uo panuijuod)

(€ Aep uo 1122 g~/ om3

10 7 Aep uo | apeiS 192-f OM]) paLiajsuen) ag pinod
Aayjenb-doy 7 uaym papniout siajsuen okiqua Auo
Jajsuen) ofiquia 1a)je SH3aM  Ueds

uo Jeaq Ueay yim ajod (2324 Laim Des jeuone)sal
auu@nenuy se pauyap AoueuBaid jedul)

siajsuern) ofugqwa g- 10 Z-Aeg

pasn $a)242 UOIIRINLIIS U310

papnput 21242 151y J0) e1ep AlUQ

Juawiean Suiiels Jo uow | UlyiimM painseail [wd
Jajsuel) ofuqua

J3)JB G—f ¥I9M UBIS PUNOSEIN UO Jeaq Leay |e1a)
{3im Jes Jeuoiielsal se pauyap Axueudaud jeaud
syaam 7> sso] AoueuSaud se pauysp aBeLuedsiy
papnjou; pouad Apms ay3 Suuinp AsueuBaid 11y Ajug
s312A0 pameyl—olD

pue ysayy Bumoljo) fjuo siajsuen 1s£203se)q 31BuIg

HADM
puzz puoAag aAlle wiog sn1aj se pauysp yuig ajn
uoe1saB JO ¥@am puzz

yoeas 01 Sunjiey AoueuBaud se pauyap aBeLuedasiy
g 10 G ‘¢ ‘7 Aep Jajsuen olugquy

el AoueuBalg

a1es uopeveid
pasallal

5314200 JO "ON
supydonopeuocs

1O uoneINp pue asog

ayeu KoueuBaud BuioBug
ajel abeLuRISIW
a1es uonejueidw)
a1ed

AaueuBaud e
Aienb ofuguiz

ajeJ uoljezi|iad
paaaulal

5214300 JO “ON

HS4

40 uodljeinp pue as0(q

98 YUIG-3AI

3. aSeLedsiu 1euD
el sso) foueuBaud Apeg
1.l AoueuBaid

e uonejueduw)
asop uydonopeuoo

Ssaui Jjuody>
‘Ajeiwsoue aupan
1enuaduod ‘snuain
proiqy ‘xuidjesoiphy
LIim USLLIOM

sofuquwa A3enb

-UBIy 7 ueyy JAPo
sidwane

4Al snowaud g<

P10 SJeaf gf < USWOM

uojjelsad

umy 3108Azouow Ul
Sunnsal sapueualg
saljewoue

19Np UBLIE|INW LM
Uawom uj saueudald
uoneatasasd A9y
10§ uazou} sofuquigz
531242 214200 pajeung
sa1242 god

pIo sueak Op < uaLWopm
gl

paiels auoN

sa12h) ££ 167«
sa)Rkl P91 67>

UBLLOM 691 16Z<
USLWIOM

PP 6'FI-G'8L

s3124) 6lF 0E<
s3PK) L8O 6°67 S
531242 DE6E 6'PT—07
saphd 0L0) 0T~

4Al ‘(£007-9002)
andadsonal ‘sapko €7 ‘(0LDz) 1B 19 1ysed

1S21/74A1 “(010Z Y24eW—900T Asenuer)
1oyod ‘vawom gir “(LLOT) “1e 18 Bsaquaniy

1521
14A1 (2007 1udy—100Z Atenuer) aapdadsonal
‘s312/2 0069 ‘(010T) "1e 3@ 13A))eg

SJUALILIO)

$3.4NSDaLW AWOINQ

siaguunu

DLIa1LId uolsnIxg  pup (,w/By) dnous iwa

(panujjuod) | ajqel




431

Effect of BMI on IVF treatment outcome: a systematic review

‘sisoubelp Jpaual vopelueidwiaid = 0Dd awospuls Aeao J115h0A10d = S0Dd
tawospuds uopenwiysiadAy ueUeAD = SSHO {uoiPaful uuads Jpwseldorfornul = 15J) {wiydonopeuod JWoUIoYD URWNY = DI Lajsuen ueidoned-enu) aawes = (419 H@pul sseW Apoq = |WE

uoI15a8 SHaam 77 a40jaq sso) AoueuBaud e se pauyap afeLuedsiy
UONEISSE SHIAM § JI1JB UBIS UD US3S 1EaqUIEaY |213)

pue 0/Jqua @ Ylim J0s Jeuoi1e1sal se pauyap AdueuBaid 1eawn)
J3j5uen

ofuqwa Jayje sAep 7| 9Oy wnias aalised se pauyap foueusdald

PapnIaul S0Dd YIM S1uaNed

pasn ajam sjod0301d 1siuoBe Buo) Ajug

Jajsuen) oluquia Jalje SHaamM 9—f punosenn
18 uaas Ajlalloe Jeipied @13y se pauyap Adueudaid jedupD
suapuodsas Jood e 3o0) 01 sdnold papiapgns osly

2184 YUIG-IA17
e
aBeLuedsiy
21e) foueudald
uolRINWIIS

Jo uopeing

a1e) aBeLuedsiy
ayes foueudaud
1ea1uid

asop
uydosjopeuos
ajes
adejueds|w
el Aueusaud
[:=]li ]

el
opeedu)
panaLnal
5314200 jo ‘ON

2yes Loueudaid
1eaqui)

a3eJ YUIg-aAr]

/I O < HSd
YIm UBLOM

sJeal Op < uaLLopm

sa)2A2 Jouoq

w/niw gl < HSd

wsipeuododAy
sydosyounsodAy
S02d

Al 10 ||} 98e3s
sisoLawopul

sapako
£91 ‘uawopm gZ| 6ZT<
31242
LZE "UBWOM [GT 67>

UBLLIOM £/ 10E<
USWOM Li) -0E—ST
UILIOM 88 167>

53]2A) €67 0E<
$a)24) €54 0E-5T<
9124 7BEE 6707
sapA) 6871 07>

UaWIopm 787 0E<
UWOM OLF ‘66T ST
usawom g1L 6’81

1SD1/74A1 ‘aanadsonal
‘531240 ggb ‘UaWom S8E ‘(010Z) “1B 12 OuLEYIA

4Al ‘aaiidadsonal
‘uawom 8oL “(010Z) “1e 12 eAipes

4Al
‘(8007 Jeqwadag—000z Asenuer) aaldadsonal
‘sa12ho 6145 (0LOT) 1R 33 BIANYD

(8007 1aquadas—oppz Asenuer)
aanoadsonal ‘uawom 0L61 “(010Z) “18 313 21N

oo S Ak el Asueudaud
uojeIsas m:..oomac% siajsuen) oAuqua
JO syaam N} 71> sso) AcueuBaud se pauyap afeluedsiy aSeLLIedsIW POMEYI—UAZ0J4
Jajsues) oAuqua Ja)je syoam g AJIAIIDOR DRIpIRD pUB  a3p) AoueuBald 531242 god
Jes jeuoiielsad jo uopeziensia Aq pauyap AsueuBaid jeaiud FEYETEY: 531245 15| UBWOM £ ‘0E<
papniou s31940 Juaunean 15iy Ajug  S9IA00 JO 'ON IO JA| PaNEY Z< VI
papniaul sluaned §00d  UOREINWNS jO Al Jo jj 38e1s 6LE *6'61-G1< 1S1/4A1 (8007 Aew—Z00Z Asenuer)
Ao sjoooloxd uogeinwys Suon  asop pue sheg SISOLAWIOPUT  UDWOM TTIT 'SZ-G'Bl aandadsonal ‘uawom g79z7 ‘(0Lo7) "1e 12 Bueyyz
sainspaw siaquinu
SIUSWILOY) SWONINQ DAL UOISNIIXT  pup { Al /8Y) dnoJs 1wg

{panunuod) | ayge]




432 V Rittenberg et al.

Shudy Bl = 25 B <25 B (rondom) Wisgrd R (rancom)
oF mb-category L N %0 - s A Yow
WWitterner 1070 43/R5§ e z.23 Q.85 (0,48, 1.60] 2000
Lovelard 197 38/7? —-— 4.8 0.49 [0.31, 0.76] 2001
Feuorcank (b) §0/7% 128/304 i 17.83 0.8¢ (0,70, 1.0L) 004
Dechansd 17131 097458 R 2.83 0.7 (D.42, 1.28) 200s
Lenctie 187330 18171113 —r— €92 0.€8 (D.4€, 0.91) 008
Snned 1340632 157/641 . 5.3 0.87 [0.71, 1.06] 2000
Batver 414/1800 LE43/5000 L 32.61 .89 (0.82, 0.%8) zo10
Thang FTF0E sedrzzed - 17.00 0.51 (0.7, 1.10) 2010
Totel (35% C1) e 1070 . 100. o0 0.84 (0.7, 0.82)
Toinl events: 776 (EM = 253, 2682 (BMI « 25)
Test for heteropsnalty Ch* = 10.05, di = 7 (P = 0191, "= 30 %
Test for oversd effect I =358 (P = 00003)

0t 02 os 1 2 § 10

BMs=25 BM«25

Studly BM25-299 B N ml AR {Moeel} Wisight RR (fxed)
or pb-calegory nii N #|%0 * =3 e Vew
Fadorensh (b) 183963 710/3457 27.39 0.91 [0.7%, 1.06) 2004
Dechaud 11783 767294 z.22 0.69 (0,38, 1.23) 2008
Sned §8s22% 140/€13 8.5 0.87 [0.67, 1.12) 2008
Belverd IL5/1081 A230/3930 46. 46 0.93 [0.84, 1.03) 2010
Irang 30/379 sz 2222 14.8% 0.91 [0.75, 1.10] 2010
Totsl (95% 1) 1831 10616 100, 00 0.91 (0.85, 0.98)
Total sverts: BET (B8 25 - 26.9), 2754 (BMI Normal)
Test for haterogonmty. Chl" = 121, di = 4 (P« 008, I = 0%
Test for oversll etfect 2 « 246 (P = 001)

By 02 05 1 2 5 10

BM25.299  BM Normal

Shudy X M Nonmml A (Teed) Weeght RR {Tooed)
o Ba-cBgory iy N - Y= - |1 =] Yeouor
Fedorcask (b) TR/46D TLRAI4ET7 - il.68 0.81 [0.e5, 1.00) 2004
Dechaud ELFEHE] LZ30/3930 E 44,23 0.78 [0.63, O.90) IDoé
Sroed 66/307 148/613 — 18.40 0.9% [D.69, 1.15) o008
Bbver &/48 76,354 ot 2.00 D.65 [0.30, 1.41) zolo
Ttmng Tz L Fpesid e Z.81 0.%% [0.52, L.88) 010
Totsl (85% 1) 1264 10616 +* 100,00 0.90 [0.71, 0.90]
Total everts 255 (B = 30, J754 (B Mormnd)
Tast for hefmrogermiy. Ch¥ = 1 80, A1 =4 (P = 077), F= 0%
Test for overall affect I« 372 (P = 0.0002)

by 02 05 2 ] 0

BN = 30 BMI ol

Figure 2 Meta-analysis of live-birth rate data for different body mass index (BMI) categories: (A) BMI < 25 kg/m? versus BMI
>25 kg/m?; (B) normal BMI versus BMI 25-29.9 kg/m?; and (C) normal BMI versus BM| >30 kg/m?,

0.85-0.98, P=0.01; Figure 2B). There was no significant
heterogeneity between the included studies (I* = 0%).

Normal BMI versus BMI >30 kg/m*: pooling the results
from five studies that reported live birth as an outcome
showed a statistically significant reduction in the live-birth
rate in women with BMI >30 kg/m’ compared with women
with normal BMI (RR 0.80, 95% Cl: 0.71-0.90, P=0.0002;
Figure 2C). There was no significant heterogeneity between
the included studies (I = 0%).

Secondary outcome

Clinical pregnancy rate

BMI < 25 I-cgi'mz versus BMI >25 kg/m?: pooled analysis from
25 studies showed a significant reduction in the clinical
pregnancy rate in women with BMI < 25 kg/m? compared
with women with BMI >25kg/m? (RR 0.90, 95% CI
0.85-0.94, P < 0.0001; Figure 3A). There was significant
heterogeneity between the included studies (/* =50.8%,
P =10.002).

Normal BMI versus BMI 25-29.9 kg/m*: pooled analysis
from 16 studies showed a significant reduction in the clinical
pregnancy rate in women with BMI 25-29.9 kg/m’ com-
pared with women with normal BMI (RR 0.91, 95% Ci
0.86—0.96, P = 0.0003; Figure 3B). There was no significant
heterogeneity between the included studies (I* = 34.6%).

Normal BMI versus BMI gmkgfmz: pooled studies from
15 studies showed that there was a significant reduction in
the clinical pregnancy rate in women with BMI >30 kg/m?
compared with those with normal BMI (RR 0.87, 95% CI
0.80-0.95, P =0.002; Figure 3C), There was significant het-
erogeneity between the included studies (/*=61.8%,
P = 0.0008).

Miscarriage rate

BMI < 25 kg/m? versus BMI >25 kg/m?: pooled analysis from
22 studies showed a statistically significant increase in the
miscarriage rate in women with BMI >25 kg/m® compared
with women with BMI < 25kg/m? (RR 1.31, 95% Cl
1.18-1.45, P < 0.00001; Figure 4A). The /* value was 47.9%
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Figure 3 Meta-analysis of clinical pregnancy rate data for different body mass index (BMI) categories: (A) BMI < 25 kg/m? versus BMI

>25 kg/m?; (B) normal BMI versus BMI 25—-29.9 kg/m?; and (C) normal BMI versus BMI >30 kg/m?.
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Figure 4 Meta-analysis of miscarriage rate data for different body mass index (BMI) categories: (A) BMI < 25 kg/m?® versus BMI
>25 kg/m*; (B) normal BMI versus BMI 25-29.9 kg/m*; and (C) normal BMI versus BMI >30 kg/m?.

indicating no significant heterogeneity in the included of miscarriage in women with BMI 25—-29.9 kg/m’ compared
studies, with women with normal BMI (RR 1.24, 95% CI 1.13-1.35,

Normal BMI versus BMI 25-29.9 kg/m?®: pooled analysis P =0.001; Figure 4B). There was no significant heterogene-
from 14 studies showed a statistically significant higher rate ity between the included studies (F = 22.4%).
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Normal BMI versus BMI >30 kg/m?: pooled analysis from
14 studies showed that the miscarriage rate was signifi-
cantly higher in the group with BMI >30 kg/m? (RR 1.36,
95% Cl 1.13-1.64, P=0.001 Figure 4C). There was signifi-
cant heterogeneity between the included studies
(1 = 56.4%, P = 0.005).

Other outcome measures

Duration of gonadotrophin stimulation

BMI < 25 kg/m” versus BMI 25 kg/m?: pooled analysis from
two studies (Farhi et al., 2010; Rittenberg et al., 2011)
showed that the duration of gonadotrophin stimulation
was significantly longer in women with BMI >25 kg/m’ com-
pared with women with BMI < 25 kg/m® (Weighted mean
difference (WMD) 0.88, 95% ClI 0.49-1.27, P < 0.0001).
There was no significant heterogeneity between the
included studies (I = 0%).

Normal BMI versus BMI 25-29.9 kg/m?: pooled analysis
from five studies (van Swieten et al., 2005; Dechaud et al.,
2006, Dorkras et al., 2006; Esinler et al., 2008; Zhang et al.,
2010) showed that the duration of gonadotrophin stimulation
was significantly longer in women with BMI 25-29.9 kg/m’
compared with women with normal BMI (WMD 0,22, 95% CI
0.21-0.23, P < 0.00001). There was no significant heteroge-
neity between the included studies (I* = 0%).

Normal BMI versus BMI >30 kg/m®: pooled analysis from
five studies (van Swieten et al., 2005; Dechaud et al., 2006;
Dorkras et al., 2006; Esinler et al., 2008; Zhang et al., 2010)
showed that the duration of gonadotrophin stimulation was
significantly longer in women with BMI >30 kg/m’ compared
with women with normal BMI (WMD 0.27, 95% Cl 0.26—0.28,
P < 0.00001). There was no significant heterogeneity
between the included studies (I = 0%).

Dose of gonadotrophin stimulation

BMI < 25 kg/m” versus BMI >25 kg/m?: pooled analysis from
two studies (Farhi et al., 2010; Vilarino et al., 2010) showed
that there was no statistically significant difference in the
dose of gonadutrophin stimulation in women with BMI
>25 kg/m* compared with women with BMI < 25 kg/m?.

Normal BMI versus BMI 25-29.9 kg/m®: pooled analysis
from five studies (Dechaud et al., 2006; Esinler et al., 2008;
Bellver et al., 2010; Sathya et al., 2010; Zhang et al., 2010)
showed a higher dose of gonadotrophin stimulation in
women with BMI 25-29.9 kg/m? compared with women with
normal BMI (WMD 137.92, 95% CI 41.25-234.60, P = 0.005).
There was a significant heterogeneity between the included
studies (/* = 61.2%).

Normal BMI versus BMI >30 kg/m*: pooled analysis from
five studies (Dechaud et al., 2006; Esinler et al., 2008: Bell-
ver et al., 2010; Sathya et al., 2010; Zhang et al., 2010)
showed a higher dose of gonadotrophin stimulation in
women with BMI >30 kg/m’ compared with women with
normal BMI (WMD 406.77, 95% Cl 169.26—644.2, P = 0.0008).
There was significant heterogeneity between the included
studies (I* = 80.8%).

Number of oocytes retrieved

There was no significant difference in number of ooctyes
retrieved in the different study groups.

Peak oestradiol concentrations

There was no significant difference in peak oestradiol con-
centrations in the different study groups.

Discussion

Obesity has become a worldwide epidemic. Consequently,
an increasing number of overweight and obese women are
seeking fertility through assisted reproduction technology.
Thus, the impact of raised BMI on the outcome of IVF treat-
ment is of interest to patients, clinicians and policy makers.

The results of this review indicate that women who are
overweight or obese (BMI >25 kg/m?) have a poorer outcome
following IVF treatment compared with women with normal
BMI. Unlike the previous systematic reviews (Maheshwari
et al., 2007; Metwally et al., 2008), the current review and
meta-analysis is able to clearly demonstrate that raised BMI
is associated with a significantly reduced live-birth rate and
increased miscarriage rate after IVF treatment.

This review has also allowed separate evaluation of the
impact of being overweight or obese on IVF outcome. The
results demonstrate that the poorer outcome of IVF treat-
ment is not limited to women with BMI >30 kg/m?; over-
weight women (BMI 25—29.9 kg/m?) also have significantly
lower pregnancy and live-birth rates and higher miscarriage
rate after IVF treatment compared with women with normal
BMI. The study results also confirm the trend towards a
poorer outcome with rising BMI. This dose—effect relation-
ship has been previously suggested (Ferlitsch et al., 2004;
Van der Steeg et al., 2008; Bellver et al,, 2010). The current
data show that, on average, the live-birth rate is reduced by
9% (95% CI 2—-15%) in overweight women compared with a
20% reduction (95% Cl 12—29%) in the obese group.

The validity of the current results depends on the quality
of individual studies included in this review. Data were
aggregated from a considerable number of large
observational studies and only studies which adopted the
WHO classification of BMI were included. However, like pre-
vious reviews, these results are not completely free from
bias and should be interpreted with caution. For example,
considerable methodological and clinical heterogeneity
was encountered amongst the included studies, particularly
in relation to study population characteristics and definition
of the relevant outcome measures.

In addition, this study was not able to adjust for impor-
tant confounders such as patient age, cause and duration
of infertility, ovarian stimulation protocol used and number
and quality of embryos transferred, all of which varied
among the included studies. In an attempt to reduce heter-
ogeneity, 23 studies that did not follow the WHO classifica-
tion of BMI or did not have any results in the overweight or
obese group analysis that could be used for analysis were
excluded (Hédon et al., 1991; Lashen et al., 1999; Salha
et al., 2001; Nichols et al., 2003; Kolibianakis et al., 2003;
Merryman et al., 2003; Frattarelli and Kodama, 2004; Span-
dorfer et al., 2004; Ku et al., 2006; Thum et al., 2007; Vel-
eva et al., 2008; Matalliotakis et al., 2008; Ashkenazi et al.,
2009; Jungheim et al., 2009; Awartani et al., 2009; Orvieto
et al., 2009b; Kumbak et al., 2010; Xing et al., 2010; Guan
et al., 2010; Li et al., 2010; Kjotrod et al., 2010; Chen et al.,
2010; Kahraman et al., 2010).
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Although it was not possible to exclude women who had
BMI < 18.5 kg/m? from the group of women who were
reported as having BMI < 25 kg/m* from the data provided
in 18 studies (Fedorcsak et al., 2000; Loveland et al., 2001;
Ferlitsch et al., 2002; Doody et al., 2003; Ryley et al., 2004;
van Swieten et al., 2005; Hammadeh et al., 2005; Munz
et al., 2005; Dechaud et al., 2006; Dorkras et al,, 2006;
Mitwally et al., 2006; Moini et al., 2008; Orvieto et al.,
2009a; Farhi et al., 2010; Bellver et al., 2010; Chueca
et al., 2010; Vilarino et al., 2010; Sathya et al., 2010),
including these women in the current analysis has probably
resulted in underestimation of the detrimental effect of
raised BMI, as a low BMI (<18.5 kg/m?) is known to be asso-
ciated with a poorer IVF outcome (Veleva et al., 2008). Fur-
thermore, the subgroup analysis followed the WHO criteria
for overweight (BMI >25-29.9kg/m’) and obese (BMI
>30 kg/m?) in order to provide an accurate comparison of
normal versus increased BMI (Wang et al., 2000-2002; Doo-
dy et al., 2003; Ryley et al., 2004; Fedorcsak et al., 2004;
Dorkras et al., 2006; Metwally et al., 2007; Sneed et al.,
2008; Esinler et al., 2008; Martinuzzi et al., 2008; Bellver
et al., 2010; Zhang et al., 2010; Kilic et al., 2010).

Despite the methodological shortcomings of the avail-
able literature, there was limited statistical heterogeneity
in this study’s results, which corroborates those of previous
reviews and confirms the detrimental effect of raised BMI on
IVF outcome. In support of the current findings, the nega-
tive impact of raised BMI on IVF outcome was also confirmed
in a recent meta-analysis of randomized controlled trails
evaluating the use of single-embryo transfer in IVF (McLer-
non et al., 2010), which showed that for every unit increase
in BMI the odds of a preterm birth <32 weeks increased by
16% (1.16, 1.04-1.30, P=0.01).

Successful implantation and continuation of pregnancy
depend on close interactions between the embryo and the
endometrium. Raised BMI is associated with a variety of
key endocrine and paracrine changes which could adversely
affect oocyte maturation and embryonic competence.
These include hyperandrogenaemia (Brewer and Balen,
2010), insulin resistance (Dumesic et al., 2008}, abnormal
leptin concentrations and LH hypersecretion (Qiao and
Feng, 2011). In addition, alterations in serum concentra-
tions of insulin-like growth factors, which are involved in
cell proliferation and differentiation, and their binding pro-
teins could influence folliculogenesis, oocyte maturation
and embryo development (Wang et al., 2006; Fowke
et al., 2010). Furthermore, BMI correlates with endometrial
and intra-follicular concentrations of the inflammatory
markers, interleukin 6 and tumor necrosis factor a1, both
of which have been associated with poor oocyte quality,
impaired implantation and increased risk of miscarriage,
and thus could mediate the effect of obesity on IVF outcome
(Lee and Loke, 2000; Gosman et al., 2006; Ma et al., 2010,
Dimitriadis et al., 2010).

Future studies examining the relationship between BMI
and IVF outcome should strictly conform with WHO stan-
dardized classification of BMI categories and account for
important confounders such as age, cause of infertility, par-
ticularly polycystic ovary syndrome, and quality of embryos
transferred (Anderson et al., 2000; van der Spuy and Dyer,
2004; Hourvitz et al., 2006; Homburg, 2006; Lambers
et al., 2006; Maconochie et al., 2007). In addition, since

only one cycle per women should be included in these stud-
ies, reporting rates per woman rather than per cycle would
provide a more robust analysis.

The findings of this review can empower clinicians to pro-
vide more detailed advice regarding the impact of raised
BMI on treatment outcome before starting an IVF cycle. Ide-
ally, the advice given can be complemented with informa-
tion on the effect of weight loss on IVF treatment
outcome. Ferlitsch et al. (2004) have reported that for each
unit reduction in BMI the odds of achieving a pregnancy fol-
lowing IVF could improve by 19%. Therefore, weight loss
should be encouraged in overweight and obese women,
while at the same time clinicians should facilitate access
to effective weight-loss programmes to enable women to
achieve a better treatment outcome.

In conclusion, this systematic review and meta-analysis
clearly demonstrates that raised BMI has an adverse effect
on IVF treatment outcome. It significantly reduces preg-
nancy and live-birth rates and increases miscarriage rate.
This effect is present in overweight as well as obese women.
Further studies are needed to enhance the understanding of
the underlying mechanisms for this effect.
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