-

View metadata, citation and similar papers at core.ac.uk brought to you byji CORE

provided by shahrekord university of medical scinces

Available online at www.ijmrhs.com

. Inter national Journal of M edical Research &
ISSN No: 2319-5886 Health Sciences, 2016, 5, 11:157-170

Female Obesity and Clinical Outcomes of Assisted Reproductive Technologies
(ART): an Updated Systematic Review and M eta-analysis

Heidar Heidari Khoei', L eila Dehdehi?, Milad Moloudizargari®, Zahra Baninameh?,
Sedighe Rezaie-Chamani®, Gea Oliveri Conti®, Shokoofe Azarbahra’ and
K olsoom M ohammadmor adi®

Student Research Committee, Department of BiolndyAmatomical Sciences, School of
Medicine, Shahid Beheshti University of Medicak8ces, Tehran, Iran
’Department of Biology and Anatomical Sciences, SlabfoMedicine, Shahid Beheshti
University of Medical Sciences, Tehran, Iran
3Department of Immunology, School of Medicine, Sh&eheshti University of Medical
Sciences, Tehran, Iran
“Sina Hospital, Ahvaz Jundishapur University of MatiSciences, Ahvaz, Iran
®Department of Midwifery, Faculty of Nursing and Mitery, Guilan University of Medical
Sciences, Rasht, Iran
®Environmental and Food Hygiene Laboratories (LIAS),F. Ingrassia’ Department, Hygiene
and Public Health, University of Catania, Catanitly
’Student's Research Committee, Shahrekord Universiedical Sciences, Shahrekord, Iran
®Food and Cosmetic Health Research Center, Hormotiyaversity of Medical Sciences,

Bandar Abbas, Iran
*Corresponding Emaildli.moradi@gmail.com

ABSTRACT

Assisted Reproductive TechnolddyRT) has been developed to be used for reproduatie women with primary
and secondary infertilities. Obesity is a worldwiggidemic for both women and men and a major gldiealth
concern. The direct effect of Body Mass Index (Biktjease on the outcomes of ART is still uncl@his study
aimed to carry out a systematic review of the aldé scientific evidence to assess the effectbhesity on the
clinical outcome of ART treatment. Numerous stub@age shown failure in ART due to increased BMimiertile
women; however, the impact of increased BMI onigdineffectiveness of ART still remains inconclesi¥sing
results from 44 studies (831616 subjects) we caeduzn updated systematic review and meta-analysighlight
this subject (clinical pregnancy rate, miscarriagge and live-birth rate). Compared to the womethvidMls of 25
kg/nf or less, women with BMt 25 kg/mi have a lower chance of pregnancy [risk ratio 0.95% CI: 0.89-0.94]
as well as lower live-birth rates [risk ratio 0.895% CI: 0.70-0.94], and show increased miscarriagtes [risk
ratio 1.35, 95% CI: 1.28-1.46]. Our findings indieathat elevated BMI and obesity requires more geéion as a
potential contributor to negative pregnancy outcenamd reduced live-birth following ART. The resufsour
meta-analysis suggest that weight loss should bsidered in overweight and obese women beforenitiation of
infertility treatment.

Key words; Obesity, Assisted Reproductive Technology, systemaview, clinical pregnancy rate, live-birth rate
miscarriage rate.
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INTRODUCTION

In vitro fertilization (IVF), frozen embryo transféFET) and intra-cytoplasmic sperm injection (I 8lere first
reported in 1978, 1984, and 1992, respectively3][1The Assisted Reproductive Technolo@dRT) has been
developed to be used for reproductive-age womelm pvitary and secondary infertilities. Recent eates indicate
that 1.7% to 4.0% of pregnancies in industrialiaed developed countries had positive outcomes of KR Most
of the pregnancies resulting from ART process dilshow any complications and resulted in healthijdeen [5].
Therefore, ART represents an important and usefilldnd that could be used more widely in the it@besity is
a worldwide epidemic for both women and men andesmts still today a major global health conc&ates of
obesity have more than doubled since 1980. In 20d¢e than 1.9 billion adults were overweight an@ &dillion
were obese [6].

The World Health Organization (WHO) defined the sibe as Body Mass Index (BMI=weight/heighand
expressed as kgfAn> 30 kg/nf [Table 1], however, many authors used variableybmdss index (BMI) cut-off
values to define obesity. Obesity is associatetl watrdiovascular disease, diabetes, osteoarthritismalignancies
[6]. It is increasingly being recognized that thigrent obesity epidemic has also contributed ttlifg problems.
Both populations in developing and developed caesishow an increase of overweight or obese people).5%
of the population in some developing countries@&5r more in some developed countries is overwaiglbese
[7-9].

Table 1: Theinternational classification of adult underweight, overweight and obesity according to BMI

Classification| BMI (kg/m) cut-off points
Underweight <18.50
Normal range 18.50 - 24.99
Overweight 25.00- 29.99
Obese >30.00

Source: Adapted from WHO, 1995, WHO, 2000 and Wéit 2

For the women undergoing ART, although there ardradictory results regarding the effect of raig#dl on the
outcomes of ART, several meta-analyses studies eepemtly demonstrated that excess weight and telé\BMI is
associated with: decreased pregnancy rate, loweth BRate (LBR), lower Implantation Rate (IR), highe
Miscarriage Rate (MR) and with the possibility efiuction of follicle development as also of oocgteumbers as
well as an increased gonadotropin requirement iatlg the ART [10-12]. However, several studies héesn
unable to find any negative impact of obesity onTA®utcomes [13, 14].

Available studies on the obesity effects on womeriolowing in ART treatments show variable resulike aim of
our study is to carry out an updated systematievewf literature in order to definitively verify vether excessive
weight and the increased BMI adversely affect adiinical outcomes (LBR, IR, MR) of ART, and if 40 assess
the size of this effect.

MATERIALSAND METHODS

Literaturesearch

We conducted a comprehensive review of all studiggaining data on overweight and BMI and clinicatcomes
for patients treated with any form of ART. We usedystematic approach to search the literaturerdicpto
PRISMA method [15]. On October 29, 2016, we carnetisearches through PubMed, Web of Science aopuSc
by using the search string: “(body mass index OBsif OR overweight) AND (assisted reproductiventeques
OR in vitro fertilization or intracytoplasmic spermjection) AND (women or female) AND (live birtrate OR
pregnancy rate OR miscarriage)”. In addition, mame#erence checks were performed of referencescoépted
articles and reviews published within the last Zrge No language restrictions were used in ourchedgkfter
removing duplicates, 458 potentially relevant éesaemained (Fig. 1). Titles and abstracts weea gtreened (by
HHK and ZB) and reviews and irrelevant studies wemmoved, leaving us finally with 85 potentiallyleeant
studies (Fig. 1).

2.2. Study selection, eligibility criteria and Data extraction

Two authors (KM, SRC) independently searched tigibé¢ studies and a final study set for data etiom was
identified by consensus. Studies were includetigf/tinvestigated the effect of BMI on pregnancycoute (Table
1) in women undergoing ART treatment. From eaclevaht study one author (SA) abstracted the follgwin
information (population size, study design, BMI egdries used and population numbers in each categuot
outcome measures) which was checked by two otlidiesagues (HHK and LD) (see Table 2).
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Statistical analysis

We pooled outcome data from each study and expresseisk ratio (RR) with 95% confidence interval)(by
using either a fixed-effect model [16] or a randeffect model [17] through a statistical softwareogram
Comprehensive Meta-Analysis V2.0 (Biostat, EngletjoNJ). We assessed heterogeneity of treatmenttefie
our meta-analytic model using thestatistic [18] and described graphically throulé forest plots [19] to quantify
the variation across studies caused by heterogeiesignificant heterogeneity was observed (p.¥00or p > 0.10
but 12 > 50%), the meta-analyses were conductatjusirandom effect model. A fixed effect model wasd for
the meta-analysis where heterogeneity was accepfatd 0.10, or p < 0.10 but 12 < 50%).

RESULTS

Analysis and pooling of data
The literature analysis was presented as a PRISkdyam (Fig. 1) From 85 studies fulfilling the inclusion criteria
only 44 studies had cut-off values for BMI accogliio the WHO criteria, which included data for matalysis

(Table 2).

Out of the 44 studies, only four studies were peasige observational, the remaining were retrospedtudies. All
the included studies were cohort studies excepbf@ case control study [20]. Of the 44 studiesuthed in the
final meta-analysis, 28 studies reported on theanisage rates in pregnancies conceived followilRrA19 and 35
studies reported on live birth rate and pregnaaty following ART, respectively.

In total, 44 studies including 831616 IVF/ICSI ayslwere included in the review with a total of BM&kg/m2,
n=505475; and BM{25 kg/m2, n=831616.

A random effect model was used to calculate riglosa(RR) (95% CI). Tests of heterogeneity werefqremed
before to pooling of data.

)

Records identified through database
searching:
Web of Sciences (n =687), Scopous(n=277),
Pubmed (n = 393)

l

Records after duplicates removed
(n=458)

Identification

)

A 4

Screening

Records screened Records excluded
(n=135) (n=37)

A 4

A 4

Total number of articles Full-text articles
assessed for eligibility excluded, with reasons
(n=85) (n=41)

A4

Eligibility

A4

Studies included in
qualitative synthesis
(n=44)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=44)

Included

Fig 1. Flow diagram detailing the sear ch and inclusion of studiesin our review, as suggested by the PRISMA statement
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Results of the aggregated data
Pooled results were described separately for BK5 versus < 25. In addition, outcomes per cycleeveggregated
together and described separately.

Livebirth rate

In women with BMI of < 25, the risk ratio of pooledsults from 19 studies was 0.81 (95%: CI 0.7C+H).%hen
compared with women with BMI aof 25 (Figure 2). The pooled results showed a siedift significant reduction
in the live-birth rate in women with BM25 kg/nf compared with women with BMI < 25 kgfriThe live birth
rate is reduced by approximately 18 % (95 %: C}Z&) in women BME25 kg/nf when compared with women
with BMI < 25 kg/nf. There was significant statistical heterogene#ween the included studie$<99.35%.P =
0.000).

Study name  Year Events / Total Statistics for each study Risk ratio and 95% C1
Risk Lower Upper Relative
BMI>/=25 BMI<25 ratio limit  limit weight
Wittemer etal. 2000 10/70 43 /255 0.847 0449 1599 281
Fedorcsak etal. 2000 50/79 228 /304 0.844 0.705 1.010 5.67
Loveland etal. 2001 19/77 39/77 0.487 0311 0763 3.88
Winter et al. 2002 55 /396 133 /727 0.759 0568 1.014 497
Dechaud etal. 2006 17 /131 109 / 658 0.783 0.487 1.260 3n
Lenobleetal. 2008 35/331 181 /1113 0.650 0.463 0914 4.62
Sneed et al 2008 134 /632 157 / 641 0.866 0.707  1.060 5.54
Bellveretal. 2010 414 /1500 1543 / 5000 0.894 0.816 0.980 6.07
Zhang et al. 2010 97 / 406 5§82 / 2222 0912 0.756 1.100 5.63
Pinborgetal. 2011  72/434 160/ 746 0.774 0.601 0995 5.23
Rittenberg etal. 2011 105 /169 195 / 244 0777 0680 0.888 591
Tuetal (LA) 2014 23/59 117 / 227 0.756 0.537 1.066 4.60
Tuetal (ULA) 2014 30/47 62 /106 1.091 0834 1427 5.12
Bailey etal. 2014 23/50 25/51 0.938 0.622 1415 4.13
Schliep et al. 2014 135 /281 216 / 622 1.383 1176 1.627 5.77
Ozekincietal. 2015 34/127 46 /159 0.925 0.635 1349 4.36
Caillonetal. 2015  15/149 68 /409 0.606 0358 1.025 339
Wang et al 2016 846 /2338 4151 /9715 0.847 0.799 0.898 | 6.16
Kawwassetal. 2016 24451 /74319 89058 /232822 0.860 0.850 0.870 | | 6.22
Provostetal. 2016 27790 /97330 72280 /141737 0.560 0554  0.566 622
Total (95% CI) 178925 397835 0.818 0708 0944 r L 2
Total evevnts: 54355 (BMI 2 25), 169393 (BM 01 02 05 1 2 5 10
Test for heterogeneity: df = 19 (P=000), I*= 99.35 %
BMI>/=25 BMI<25

Fig 2. Forest plot of risk ratio live-birth ratein women with BM| <25 versusBM| > 25

Pregnancy rate

In women with BMI of < 25, the risk ratio of pooledsults from 35 studies was 0.91 (95%: Cl 0.820wWhen
compared with women with BMI of 25. The pooled results showed a statistically iB@gmt reduction in the
pregnancy rate in women with BN25 kg/nf compared with women with BMI < 25 kgfniThe pregnancy rate is
reduced by 8.4 % (95 %: ClI 6-10.7) in women BM5 kg/nf when compared with women with BMI < 25 kgim
Again there was significant statistical heteroggneetween the included studig¢$60.91 %.P = 0.000).
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Fig 3. Forest plot of pregnancy ratein women with BM| < 25 versusBM|I > 25
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Table 2. Characteristics of theincluded studies

Authors

Year

Study design

Participant groups

BMI group (kg/m) and numbers of
cycles/patients

Outcome measures

Referen
e

Wittemer et al.

2000

Retrospective

All coupldemed for IVF/ICSI Excluded
PCOS

<20: 87 Women
20-25: 222 Women
>25:, 89 Women

Pregnancy rate
Miscarriage rate
Delivery rate

(21]

Wang et al.

2000

Retrospective

All women underg@RT (IVF/ ICSI/GIFT)

< 20: 441 women
20-24.9: 1910 women
25-29.9: 814 women
30-34.9: 304 women
>35: 117 women

Clinical pregnancy rate

(22]

Fedorcsak et al.

2000

Cohort study

Women pregnant as a result BfdWICSI

< 25: 304 pregnancies
> 25: 79 pregnancies

Miscarriage rate

[23]

Loveland et al.

2001

Retrospective

All women undarg IVF/ICSI cycles

<25: 87 cycles, 70 women
>25: 93 cycles, 69 women

Clinical pregnancy rate
Spontaneos abortion
Ongoing pregnancy rate

(24]

Wang et al.

2001

Cohort

All women undergoing ARYRA ICSI/GIFT)

<20: 112 Women
20-24.9: 509 Women
25-29.9: 231 Women
30-34.9: 116 Women
>35: 50 Women

Spontaneous abortion

[25]

Ferlitsch et al.

2007

Retrospective

All women ugaderg IVF

<20: 31 Women
20-24.9: 104 Women
25-30: 31 Women
>30: 16 Women

pregnancy rate

(26]

Krizanovska et al.

2002

Retrospective

Women undeglvF and ICSI

<16: 2 Women
18-20: 30 Women
20-25: 173 Women
25-30: 79 Women
>30: 25 Women

Clinical pregnancy
Miscarriage rate

(27]

Wang et al.

2002

Retrospective

All women underg@Rg (IVF/ ICSI/GIFT)

<18.5: 70 Women
18.5-24.9: 1508 Women
25-29.9: 503 Women
30-34.9: 198 Women
>35: 70 Women

Spontaneous miscarriage

(28]

Winter et al.

2002

Cohort

All women undergoing ARYF/ ICSI/GIFT)

<18.5: 26 Women
18.5-25: 701 Women
25.1-30: 243 Women
30.1-35: 107 Women
>35: 46 Women

Early pregnancy loss

(29]

Doody et al.

2003

Retrospective

Women undergoirfgadxd ICSI

<25: 460 Women
25-29.9: 194 Women
30-34.9: 89 Women
>35: 79 Women

Ongoing pregnancy rate

(30]

Ryley et al.

2004

Retrospective

Women undergoirfg IV

<20: 466 Cycles
20-24.9: 3605 Cycles

Clinical pregnancy rate

(31]
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25-29.9: 1632 Cycles
30-34.9: 724 Cycles
>35: 400 Cycles

Fedorcsak et al. 2004  Retrospective Women undegd¥iih and ICSI <18.5: 76 Women, 136 cycles Pregnancy rate [32]
18.5-24.9,: 1839 Women, 3457 cycles Miscarriage rate
25-29.9: 504 Women, 963 cycles Live birth rate
>30: 241 Women, 463 cycles

Hammadeh et al. 2005 Prospective Women underg¥iRg | <25: 28 Women Pregnancy rate [33]
>25: 24 Women

Munz et al. 2005 Retrospective case— Women undergoing IVF and ICSI <25: 28 Women Pregnancy rate [20]

control >25: 24 Women

Van Swieten et 2005 | Observational study Women undergoing IVF &1l | < 25: 683women Clinical pregnancy rate [34]

al. 25-29.9: 295 women Miscarriage rate
30-39.9: 236 women
>79: 29 women

Dokras et al. 2006 Retrospective Women undergadiiig | < 25: 101women Pregnancy rate [35]
25-30: 32 women Miscarriage rate
> 30: 29 women Delivery rate

Mitwally et al. 2006| Cohort Women undergoing IVF 5402 Cycles Clinical pregnancy rate [36]
>25: 81 Cycles

Dechaud et al. 2006 Retrospective Women underdbifRgnd ICSI <20: 186 Women, 264 cycles Clinical pregnancy rate [14]
20-25: 283 Women, 394 cycles Miscarriage rate
25-30: 68 Women, 83 cycles
>30: 36 Women, 48 cycles

Metwally et al. 2007| Retrospective Women undergdiffgand ICSI 19-24.9: 241 Women Clinical pregnancy rate [37]
25-29.9: 113 Women
>30: 72 Women

Lenoble et al. 2008 Retrospective Women underghifigand ICSI <18: 43 Women, 68 cycles Clinical pregnancy rate [38]
18-25: 607 Women, 1045 cycles Miscarriage rate
>25: 196 Women, 331 cycles

Martinuzzi et al. 2008 Retrospective Women undergdVF and ICSI <18.5: 21 Women Clinical pregnancy rate [39]
18.5-24.9: 267 Women
25-29.9: 77 Women
>30: 52 Women

Moini et al. 2008| Cross-sectional Women undergdiffgand ICSI 20-25: 133 Women Clinical pregnancy rate [40]
>25-30: 117 Women Miscarriage rate
>30: 37 Women

Sneed et al. 2008 Retrospective Women undergoifg IV <18.5: 28 Women Spontaneous abortion [41]
>18.5-24.9: 613 Women Clinical pregnancies
>25-29.9: 325 Women Live births
>30: 307 Women

Esinler et al. 200§ Retrospective Women undergtid®) 18.5-24.9: 451 Women, 627 cycles Clinical pregnancy rate [42]
25-29.9: 222 Women, 339 cycles miscarriages rate
>30: 102 Women, 147 cycles

Orvieto et al. 2009 Retrospective Women undergbitigy <25: 42 Women Pregnancy rate [43]
>25: 58 Women

Bellver et al. 2010, Retrospective Women undergd¥igand ICSI <20: 1070 Cycles Pregnancy rate [44]
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20-24.9: 3930 Cycles
25-29.9: 1081 Cycles
>30: 419 Cycles

Early pregnancy loss rate
Clinical miscarriage rate
Live-birth rate

Chueca et al. 201 Retrospective Women undergdhg | <20: 1289 Cycles Clinical Pregnancy rate [45]
20-25: 3382 Cycles miscarriage rate
>25-30: 755 Cycles
>30: 293 Cycles
Farhi et al. 2010, Retrospective Women undergoirfg IV <25: 160 Cycles Pregnancy rate [46]
>25: 73 Cycles
Kilic et al. 2010| Retrospective Women undergoingTAR 18-24.9: 718 Women Clinical Pregnancy rate [47]
25-29.9: 470 Women
>30: 782 Women
Zhang et al. 201Q Cohort study Women undergoingdwé ICSI 18.5-25: 2222 Women Pregnancy rate [48]
>25-29.9: 379 Women Miscarriage rate
>30: 27 Women Ongoing pregnancy rate
Live-birth rate
Rittenberg et al. 2011 Cohort study Women undergoing IVF and ICSI 18.5-24.9: 244 Women Clinical pregnancy rate [49]
>25: 169 Women Implantation rate
Miscarriage rate
Ongoing pregnancy rate
Pinborg et al. 2011 Cohort study Women undergoing IVF and ICSI <18.5: 24 Women Pregnancy rate [50]
18.5-24.9: 305 Women Miscarriage rate
25-29.9: 103 Women Ongoing pregnancy rate
>30: 59 Women Live-birth rate
Setti et al. 2012 Retrospective Women undergddj | <19: 39 Women Pregnancy rate [51]
19-24.9: 738 Women Miscarriage rate
25-29.9: 242 Women
>30: 86 Women
Tu et al. 2014 Retrospective Women undergoingdvié ICSI <25: 387 Women Clinical PR per experimental [52]
>25: 112 Women therapeutics
Miscarriage rate
Live birth rate per ET
Bailey et al. 2014 Retrospective cohort PCOS wonratergoing IVF 18.7-24.9: 51 Women Clinical pregnancy per ET [53]
25-29.9: 19 Women Miscarriage
>30: 31 Women Live-birth rate per cycle start and ET
Schliep et al. 2014 Prospective cohort All coupiedergoing first fresh IVF cycles <18.5: 32 Women pregnancy rate [54]
18.5-24.9: 407 Women Live-birth rate
25-29.9: 147 Women
30-34.9: 72 Women
>35: 63 Women
Vural et al. 2014| Retrospective cohort Women ugdieyg IVF <25: 452 Women Clinical Pregnancy rate [55]
25-30: 230 Women
>30: 98 Women
Ozekinci et al. 2015 Retrospective cohort Womemgeau than 38 years old undergoing | 18.5-24.9: 164 Cycles Clinical pregnancy rate [56]

Ivf-icsi

25-29.9: 70 Cycles
>30: 64 Cycles

Spontaneous abortion
Ongoing pregnancy
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Caillon et al. 2015 Retrospective Women undergd¥igand ICSI 20-24.9: 409 Women Miscarriage rate [57]
>25: 149 Women Live-birth rate per cycle

Kalem et al. 2016 Retrospective cohort PCOS woumgtergoing IVF 18.5-24.9: 299 Women Clinical pregnancy rate [58]
25-29.9: 208 Women
>30: 146 Women

Christensen etal.| 201 Historical cohort Womeneugding IVF and ICSI <18.5: 159 Cycles Clinical pregnancy rate [59]
18.5-24.9: 35339 Cycles
25-29.9: 1171 Cycles
>30: 474 Cycles

Wang et al. 201§ Retrospective cohort Women uraiieggVF and ICSI <25: 7097 Cycles Clinical pregnancy rate [60]
>25: 1768 Cycles Abortion

Live-birth rate

Kawwass et al. 2016 Retrospective cohort Womerergaing IVF <18.5: 13678 Cycles Intrauterine pregnancy rate [61]
18.5-24.9: 271985 Cycles Miscarriage rate
25-29.9: 116788 Cycles Live-birth rate
>30: 91646 Cycles

Provost et al. 2016 Retrospective cohort Womerergaing IVF <18.5: 7149 Cycles Clinical pregnancy rate [62]

18.5-24.9: 134588 Cycles
25-29.9: 54822 Cycles
30-34.9: 24992 Cycles
35-39.9: 11747 Cycles
40-44.9: 4084 Cycles
45-49.9: 1292 Cycles
>50: 463 Cycles

Pregnancy loss rate
Live birth rate
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Miscarriagerate

In women with BMI of < 25, the risk ratio of pooledsults from 28 studies was 1.35 (95%: ClI 1.2&) . .%hen
compared with women with BMI af 25 (Figure 4). The pooled results showed a siadifit significant increase in
the miscarriage rate in women with BR5 kg/nf compared with women with BMI<25 kgfmThe miscarriage
rate is increased by approximately 35 % (95 %: &K8) in women BMI[>25 kg/nf when compared with women
with BMI < 25 kg/nf. The results showed evidence of statistical hgtsmeity (>=71.5 %.P = 0.000).

Study name Year. Events / Total Risk ratio and 95% CI
Risk Lower Upper Relative Relative
BMI>/=25 BMI<25  ratio limit limit weight  weight
Wittemer etal. 2000 7/20 14/60 1500 0706 3185 097
Lovelandetal. 2001 5/24 3/42 2917 0763 11146 032
Wangetal. 2001 103/397 108/621 1492 1175 1894 —-— 671
Fedorcsaketal. 2002 28/79 68/304 1585 1101 2280 —_— 358
Krizanovskaetal. 2002 2/12 6/31 0861 0201 3689 027
Van Swieten etal. 2005 2/20 6/46 0767 0169 3477 025
Dorkras et al. 2006 40/295 35/320 1240 0810 1897 276
Dechaud et al. 2006 4/28 14/159 1622 0576 4572 053
Lenoble et al. 2008 14/52 36/226 1690 0986 2897 181
Moini etal. 2008 17/30 12/39 1842 1046 3241 166
Sneed et al. 2008 25/196 39/231 0755 0475 1202 236
Esinler etal. 2008 28/181 34/252 1147 0722 1820 —_— 238
Bellver etal. 2010 73/616 256/2242 1038 0813 1325 —— 651
Chueca etal. 2010 198/451 713/2197 1353 1199 1526 = 1320
Zhang et al. 2010 18/134 63/754 1608 0984 2626 215
Rittenbergetal. 2011 63 /169 49/244 1856 1351 2550 —— 445
Pinborg et al. 2011 45/257 24/702 5122 3187 8230 —_— 228
Setti etal. 2012 24/100 45/259 1381 0891 2141 262
Tuetal. (LA) 2014 7/59 18/227 1496 0656 3413 082
Tuetal (ULA) 2014 3/47 13/106 0520 0156 1741 039
Ozekinci et . 2015 6/127 6/159 1252 0414 3789 046
Caillon etal. 2015 46/149 92/409 1372 1017 1853 —-— 485
Kawwassetal. 2016 6093 /31087  15995/106699 1307 1273 1343 || 1926
Provost et al. 2016 13324/97330 16023 /141737 1211 1185 1237 ] 1942
Total (95% CI) 135401 270437 1358 1258 1465 [y
Total events: 20751 (BMI > 25), 34985 (BMI<25)
Test for heterogeneity: df = 23 (P=000), I = 71.50 % 01 02 0.5 1 2 s 10
BMI>/=25 BMI<25

Fig 4. Forest plot of miscarriage rate in women with BM| < 25 versusBM| >25

Publication bias
The funnel plot for all outcome measures of ART #haaluated in this study, was asymmetric (Figaid with the
results of Egger test (Table 3) suggesting smatlysbias.

DISCUSSION

Obesity is an expensive and increasingly prevdieatth burden upon modern society [63]. Obesignigbnormal
accumulation of body fat, generally 20% or moreraue individual's ideal body weight. Obesity is@sated with
increased risk of illness, disability, and deathbe€ity is often a comorbidity of other pathologigsch as
cardiovascular disease, hypertension, type 2 disbejastrointestinal disease, arthritis, and caralep obese
women are more likely to experience reproductivebfams [6, 64-66]. Obesity has been attributed ¢mstrual and
hormonal disorders, loss of fertility, miscarriagedesired obstetric consequences (such as coalgdefects and
premature birth) and obstetric complications (emgreased blood pressure, pregnancy diabetes andhdvo
infection) [67-70]. In addition, obesity is encoerdgd in 30% to 70% of women with polycystic ovayndrome
[71]. Consequently, number of infertile overweigimd obese women who are subjected to ART as arieeatfor
infertility is increasing steadily in worldwide [172], thus, the impact of overweight and increaB&dl on the
outcome of ART treatment is of interest to patigolimicians and makers of public health.

Our meta-analysis included data on 831616 subjesated with ART, extracted from 44 studies. Thsuteof our
meta-analysis suggests that overweight women fdoeer likelihood of: pregnancy , a live birth aad increased
risk of miscarriage after IVF.

The results of our review are in accordance wigltevious review and meta-analysis [11] and indith& women
who are overweight or obese (BM#25 kg/nf) have adverse outcomes following ART treatment maned with
women with normal BMI. Unlike the previous systemateviews [10, 37] our data demonstrate that pasit
clinical outcomes of ART treatment decrease in woragerweight and with an increased BMI of and atbe,
raised BMI is associated significantly with a reédclive-birth rate and increased miscarriage rdter &ART
treatment.

It is, however, possible to deduce from the avédlatata that an apparent decrease in implantagitenand higher
miscarriage in overweight and obese women it refleca reduced expectation of live birth rate.
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Fig 5. Funnel plot of (A) clinical pregnancy rate, (B) miscarriagerate and (C) live birth ratefor assessing potential publication

bias. The diagonal linesindicates approximate 95% confidenceintervalsfor estimates.

Table 3. The results of Egger test for funnel plfmmetry.

Outcome of ART| tvalue | df | pvalue (1-tailed)| p value (2-tailed)
Pregnancy rate 0.791] 35 0.217 0.434
Live-birth rate 0.663 1§ 0.257 0.515
Miscarriage rate 1.535 2P 0.069 0.138

While give in consultation to the infertile obesemen who require ART to conceive, it is of notektoow that
pregnancy rate in overweight and obese womenliggethd, and age is the overriding factor in préidig success

following ART [73].

The results of this study show that the live-birdke and pregnancy rate is reduced by 19 % (95%-30%) and
8.4 % (95 %: Cl 6-10.7), respectively, in womenhaMI>25 kg/nf when compared with women with BMI lower
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than 25 kg/rh following infertility treatment. Also the miscaage rate is increased by approximately 35 % (95 %:
Cl 25-45) in women BME25 kg/nf when compared with women with BMI < 25 kdim

Waist-to-hip ratio (WHR) is a value derived frometiwvaist measurement and hip measurement and daldida
waist measurement divided by hip measurement (W.-THe WHR may be used as a possible indicatoreafth
issues, but also as risk of developing serioustiheainditions. WHR is correlate with infertility giolem in males
and females, but with different optimal values. fehare suggestions that WHR is a better predidtoemroductive
outcome than BMI [10, 74, 75] because the BMI does differentiate between android and gynaecoid fat
distribution, although in this review, we have ugMI as a marker of overweight and obesity.

Underlying mechanisms that linking the elevated B#ith the poorer outcomes after ART are not fulhdarstood,
though three hormonal systems—the insulin and indikle growth factor (IGF) axis (insulin resista)¢ sex
steroids (hyperandrogenism and LH hypersecretiad)aipokines (elevated leptin levels and leptsistance)—
are the most studied candidates [65, 76-79]. Aédtsystems are interlinked through insulin.

Adiponectin is a ubiquitous fat tissue hormone Whg mainly produced from the cells of visceraldat has been
shown to have an inverse association with BMI. Meiatulating concentrations are higher in womemtheen [65,
80]. Beyond these mechanisms, other candidate ragsieclude obesity-related inflammatory cytokinalered
immune response, oxidative stresses and lipid jpeaitgn [81, 82]. We do not yet know what mechargsmight
link the clinical outcomes of ART with obesity.

Raised BMI through mechanisms that were mentioneove could adversely affect folliculogenesis, oecyt
maturation and embryonic competence. Elevated BMilcc be also associated with impaired implantatoa
increased risk of miscarriage; thus affecting ARifcome [81-86].

The results of our review are not completely frearf bias and should be interpreted with cautionthidéological
and clinical heterogeneity arises through the ukdlifferent study designs, particularly in relatiagn study
population characteristics and definition of thkevant outcome measures. More study in this fielddeded with
clearly defined patient populations, using WHO erid for BMI and uniform outcome measures to deteing
effect of raised BMI on reproductive outcomes faliog the ART treatment.

The findings of our review and other systematideevand meta-analysis studies permit clinicianprtavide more
detailed advice regarding the impact of elevated BMI obesity on outcome of treatment before itiitggan ART
cycle. The obese infertile patients with abnormiIBhould be encouraged to lose weight and imprexercise
tolerance to improve the clinical outcomes afterTAiReatment and to prepare for the stresses dpregnancy and
at the moment of labour.

CONCLUSION

In conclusion, this systematic review and metaysisliclearly demonstrates that raised BMI has arr@e effect

on the outcome of ART. Obesity and overweight isoaigmted with decreased pregnancy as well as higher
miscarriage rates and decreased live birth rateviolg infertility treatment. Weight loss should tstrongly
considered in overweight and obese women befotiating infertility treatments. This will result ibetter health
conditions of women undergoing infertility treatmyeimproving their chances of pregnancy and miningzthe
costs of infertility treatment.
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