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Abstract
Aim To evaluate the influence of smoking on the outcome
of COH and IUI in subfertile couples.
Patients and methods We reviewed the medical files of all
consecutive women, age ≤35 years, attending our infertility
clinics over an eigth-year period. Data on patient age,
smoking habits, and variable related to infertility-treatment
were collected from the files.
Results A total of 2,318 cases were evaluated: 1,803 in non-
smoking patients (n=679) and 515 in smokers (n=206). The
smokers used significantly more gonadotropin ampoules and
gained a thinner endometrium on the day of hCG adminis-

tration than the nonsmokers (p<0.016 for both). There were
no between-groups differences in patient age, duration of
gonadotropin stimulation, number of follicle >14 mm in
diameter, or E2 levels on the day of hCG administration.
Conclusion Smokers undergoing COH with IUI required a
significantly higher gonadotropin dosage than nonsmokers
in order to achieved a comparable pregnancy rate.
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Introduction

Lifestyle and environmental factors are well-known contrib-
utors to reproductive failure. Therefore, clinicians suggest that
they be identified and corrected during preconception
counseling of infertile couples prior to initiation of treatment.

Cigarette smoking, with its widely recognized deleterious
health effects, accounts for an estimated 13% of causes of
female infertility [1]. The underlying mechanism is presumed
to involve a toxic effect of the various tobacco chemicals on
follicular development, gamete mutagenesis or inhibition of
granulose cell aromatase. This, in turn, leads to accelerated
follicular depletion, reduced fecundity, increased miscar-
riages, and accelerated onset of menopause [2–4].

Cigarette smoking also has a significant negative effect on
the clinical outcome of assisted reproduction treatment (ART).
Several meta-analyses and reviews have investigated the
effect of smoking in patients undergoing IVF treatment [5–7].
They all found that compared to nonsmokers, smokers
required a higher mean gonadotropin doses for ovarian
stimulation, and had lower peak E2 levels, fewer oocytes
retrieved, lower fertilization and implantation rates, and
lower pregnancy and live-birth rates. Moreover, smokers
required nearly twice the number of IVF cycles to conceive.

Capsule Smokers undergoing COH with IUI required a significantly
higher gonadotropin dosage than nonsmokers in order to achieved a
comparable pregnancy rate.
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Controlled ovarian hyperstimulation (COH) combined
with intrauterine insemination (IUI) has been considered a
key factor in the success of infertility treatment for
subfertile couples [8–10], because it enables the recruitment
of multiple healthy fertilizable oocytes [11] and the
correction of subtle ovulatory dysfunction. Moreover, while
various COH protocols have been used for ovarian
stimulation, a recent meta-analysis demonstrated that based
on the limited available literature, gonadotropins might be
the most effective drugs [12].

Surprisingly, however, despite the widespread studies of
the effect of smoking on reproductive outcome after IVF
treatment [6, 13–16], there is no information in the
literature on the influence of smoking on COH and IUI.

The aim of the present study was to attempt to fill this
gap in order to clarify the proper approach to COH in
smokers and to aid fertility specialists and their patients in
the decision-making process.

Patients and methods

We reviewed the medical files of all consecutive women
who attended two infertility clinics of a single national-
health maintenance organization over an eigth-year
period. At admission, all women and their partners
underwent a basic fertility workup, including the com-
pletion of a referral status form that consisted of
demographic characteristics, including smoking habits
and medical history. Following the first assessment and
prior to gonadotropin treatment, all the women under-
went hysterosalpingography (HSG). Only those with
normal transfer and spill from at least one fallopian tube
were included in the study. All the male partners
underwent semen analysis that was handled and inter-
preted according to the WHO Manual and Standards
[17]. Women with male partners with less than 5 million
total motile sperms after sperm washing or swim-up, were
excluded.

Because the possibility of bias could not be eliminated,
for purposes of the present study, we included only patients
treated with COH using gonadotropin and IUI who were
considered to have a favorable prognosis a priori, i.e.,
patients ≤35 years undergoing from their first and up to
their forth COH and IUI cycle attempts. Patients were
assigned to gonadotropin stimulation according to the
following criteria: anovulatory infertility following failure
to respond or conceived with clomiphene citrate; partial
mechanical infertility; unexplained infertility; and male
factor infertility.

The same COH and IUI procedure was used in all cases,
as previously described [18]. Briefly, the first treatment
cycle consisted of an initial dose of 112.5 IU of either

recombinant FSH or urinary gonadotropins, starting on day
5 of the menstrual cycle. The daily dose of gonadotropin
was adjusted according to follicular growth and serum E2
levels. Human chorionic gonadotropin (hCG) was admin-
istered when the leading follicle reached a diameter of
>17 mm, and was followed by two intrauterine insemina-
tions 24 h and 48 h later.

Data on patient age, smoking habits, and variable
related to infertility-treatment were collected from the
files. Ovarian stimulation characteristics, including the
duration of stimulation, the total dose of gonadotropin
administered, serum E2 levels, and vaginal ultrasound
measurements of follicular diameter and endometrial
thickness on the day of hCG administration were
recorded. Clinical pregnancy was defined as visualization
of a gestational sac and fetal cardiac activity on trans-
vaginal ultrasound.

The results are presented as means ± standard deviations.
Differences in mean values between the groups were
statistically analysed with the nonparametric Wilcoxon signed
rank test, Student’s t-test, and chi-square test, as appropriate.
A p value of less than 0.05 was considered significant.

Results

A total of 2,318 cases were evaluated: 1,803 in nonsmoking
patients (n=679) and 515 in smokers (n=206). Mean
patient age during the study period was 27.1±3.6 years.
Causes of infertility in the smoker and non-smoker groups,
respectively, were as follows: unexplained −30.6% and
23.8%; oligo-anovulatory −18.4% and 21.4%; male factor
−24.8% and 26.4%; mechanical −4.8% and 3.8%; none of
these differences reached statistical significance.

While assessing the smoking status of the male partners
in the two study groups, the prevalence of smokers among
the male partners in the smoking group was significantly
higher as compared to the non-smoking group (62.6% vs
26.8, respectively; p<0.000).

Pregnancy was achieved in 286 nonsmokers (pregnancy
rate, 15.8% per cycle) and 84 smokers (pregnancy rate,
16.3% per cycle); the difference between the groups was
not statistically significant. Moreover, no significant differ-
ences were observed between the two groups in abortion
rate or in the prevalence of ectopic pregnancy.

The clinical characteristics of the COH cycles by
smoking status are shown in Table 1.The smokers used
significantly more gonadotropin ampoules and gained a
thinner endometrium on the day of hCG administration
than the nonsmokers (p<0.016 for both). There were no
between-groups differences in patient age, duration of
gonadotropin stimulation, number of follicle >14 mm in
diameter, or E2 levels on the day of hCG administration.
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Discussion

The present study of subfertile patients with a favorable
prognosis—a priori—for ART, clearly showed that
smokers undergoing COH with IUI required significantly
more gonadotropin ampoules than nonsmokers in order
to achieve a comparable pregnancy rate. There were no
significant differences in the other COH treatment
variables.

This observation is in accordance with other studies
showing an association between smoking and an
increased gonadotropin requirement during COH for
IVF [15, 19, 20]. However, the lower peak E2 levels
[21, 22] and recruitment of fewer follicles and oocytes
[7, 13, 15, 21, 23, 24] in smokers that were reported in
earlier studies were not observed in our population, in
which milder and less vigorous stimulation was required.

The lack of a difference in clinical pregnancy rate
between smokers and nonsmokers in the present study
contradicts most earlier studies of the effect of smoking on
IVF outcome, which demonstrated lower implantation and
pregnancy rates in smokers [cited in a recent meta-analysis
by Waylen [5]. Nevertheless, a recently published meta-
analysis failed to note any difference in live birth rate
between smokers and nonsmokers. It may therefore be
speculated that while the effect of smoking on treatment
outcome is more profound during IVF, which requires a
more vigorous stimulation is required, it can be overcome
during COH and IUI, in which milder stimulation is
needed.

The comparable abortion rate between smokers and non-
smokers in our study is in agreement with a recently
published meta-analysis [5]. Although we did not observe
any difference in the prevalence of ectopic pregnancy, it
should be noted that the higher prevalence of ectopic
pregnancy among smokers, reported by Waylen [5] was
based on the analysis of two small studies of only 28
pregnancies, 6 in smokers and 22 in nonsmokers.

In the present study, smokers gained a thinner endome-
trium on the day of hCG administration than nonsmokers.
Our findings disagree with the report of Hughes et al [20]
who noted a similar endometrial thickness and morphology
in smokers and nonsmokers undergoing IVF. At the same
time, it is in accordance with the observed detrimental
effect of smoking on endometrial receptivity [6, 25]. It is
noteworthy that in both our groups, endometrial thickness
was above the suggested lower limit, which may explain
this negative effect [26].

While sperm concentrations, motility, morphology and
sperm function were all shown to be detrimentally affected
by smoking, the effect of smoking on male fertility remains
inconclusive [2]. In the present study, the prevalence of
male partner smokers in the smoking group was found to be
higher than in the non-smoking group, however, no in-
between groups differences were observed in pregnancy or
abortion rates. These observations may be explained by the
exclusion of couples with severe male factor infertility, i.e.
male partners with less than 5 million total motile sperms
after sperm washing or swim-up. Moreover, the male
smoking status is not expected to affect the increased in

Nonsmoking Smoking P

No. patients 679 206

No. cycles 1803 515

Age (years) 27.1±3.6 27.6±3.7 ns

Smoking/day(Packs) 0 0.8±0.3

Primary infertility (%) 448 (66%) 125 (61%) ns

Number of male partner smokers 182 (26.8%) 129 (62.6%) 0.000

Duration of infertility (yrs) 1.4±1.0 1.5±1.1 ns

Day 3 FSH (IU/L) 6.3±3.4 6.6±2.7 ns

Mean no. cycles/patient 2.2±1.4 2.1±1.3 0.08

Duration of Gn stimulation 8.5±3.2 8.5±3.4 ns

Mean Gn per cycle (IU) 949±526 1016±556 0.016

No. of follicles ≥14 mm on hCG day 2.4±1.9 2.5±1.8 ns

E2 level on hCG day (pmol/L) 2379±1867 2347±1970 ns

Endometrial thickness on hCG day (mm) 9.3±2.0 8.9±2.1 0.016

Clinical pregnancies (n) 286 84

Pregnancy rate/cycle 15.8% 16.3% ns

Early abortions (<12wk) (% of clinical pregnancies) 39 (13.6%) 10 (11.9%) ns

EUP (% of clinical pregnancies) 5(1.7%) 1 (1.2%) ns

Table 1 Infertility treatment
variables and patients
characteristics of smokers and
non-smokers undergoing
COH and IUI for infertility
treatment

Gn-gonadotropin

EUP-extra uterine pregnancy
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female gonadotropin requirement during COH, as observed
in the present study.

In the present study of patients undergoing COH with IUI
for the treatment of subfertility, the detrimental effect of
smoking on treatment outcome could be overcome by
increasing the dose of gonadotropin. We therefore suggest,
that when individualizing the initial daily dose of gonado-
tropin in patients undergoing COH, as recently published in
the CONSORT study [27], the clinician should direct
attention to the patient’s smoking habit, which may
necessitate an increase in the daily dose of gonadotropin.

Further large studies are required to assess the effect of
smoking on COH variables and treatment outcome. These
studies may help fertility specialists to individualize and
carefully tailor COH protocols, to optimize success in
smoking patients.

References

1. Augood C, Duckitt K, Templeton AA. Smoking and female
infertility: a systematic review and meta-analysis. Hum Reprod.
1998;13:1532–9.

2. The Practice Committee of the American Society for Reproductive
Medicine. Smoking and infertility. Fertil Steril. 2008;90:S254–9.

3. Mattison DR, Plowchalk DR, Meadows MJ, Miller MM, Malek
A, London S. The effect of smoking on oogenesis, fertilization
and implantation. Semin Reprod Endocrinol. 1989;7:291–304.

4. Barbieri RL, McShane PM, Ryan KJ. Constituents of cigarette
smoke inhibit human granulosa cell aromatase. Fertil Steril.
1986;46:232–6.

5. Waylen AL, Metwally M, Jones GL, Wilkinson AJ, Ledger WL.
Effects of cigarette smoking upon clinical outcomes of assisted
reproduction: a meta-analysis. Hum Reprod Update. 2009;15:31–44.

6. Soares SR, Velasco JA, Fernandez M, Bosch E, Remohí J, Pellicer
A, et al. Clinical factors affecting endometrial receptiveness in
oocyte donation cycles. Fertil Steril. 2008;89:491–501.

7. Klonoff-Cohen H, Natarajan L, Marrs R, Yee B. Effects of female
and male smoking on success rates of IVF and gamete intra-
fallopian transfer. Hum Reprod. 2001;16:1389–90.

8. Hughes EG. The effectiveness of ovulation induction and
intrauterine insemination in the treatment of persistent infertility:
a meta-analysis. Hum Reprod. 1997;12:1865–72.

9. Hecht BR, Magoon MW. Can the epidemic of iatrogenic multiples
be conquered? Clin Obstet Gynecol. 1998;41:126–37.

10. Guzick DS, Carson SA, Coutifaris C, Overstreet JW, Factor-
Litvak P, Steinkampf MP, et al. Efficacy of superovulation and
intrauterine insemination in the treatment of infertility. National
cooperative reproductive medicine network. N Engl J Med.
1999;340:177–83.

11. Penzias AS. Improving results with assisted reproductive
technologies: individualized patient-tailored strategies for ovu-
lation induction. Reprod Biomed Online. 2004;9:43–6.

12. Cantineau AE, Cohlen BJ, Heineman MJ. Ovarian stimulation
protocols (anti-oestrogens, gonadotrophins with and without
GnRH agonists/antagonists) for intrauterine insemination (IUI) in
women with subfertility. Cochrane Database Syst Rev 2007;18(2):
CD005356

13. Weigert M, Hofstetter G, Kaipl D, Gottlich H, Krischker U,
Bichler K, et al. The effect of smoking on oocyte quality and
hormonal parameters of patients undergoing in vitro fertilization-
embryo transfer. J Assist Reprod Genet. 1999;16:287–93.

14. Van Voorhis BJ, Dawson JD, Stovall DW, Sparks AE, Syrop CH.
The effects of smoking on ovarian function and fertility during
assisted reproduction cycles. Obstet Gynecol. 1996;88:785–91.

15. El-Nemr A, Al-Shawaf T, Sabatini L, Wilson C, Lower AM,
Grudzinskas JG. Effect of smoking on ovarian reserve and ovarian
stimulation in in-vitro fertilization and embryo transfer. Hum
Reprod. 1998;13:2192–8.

16. Crha I, Hrubá D, Fiala J, Ventruba P, Záková J, Petrenko M. The
outcome of infertility treatment by in-vitro fertilisation in smoking
and non-smoking women. Cent Eur J Public Health. 2001;9:64–8.

17. WHO laboratory manual for the examination of human semen
and sperm-cervical mucus interaction. Cambridge University
Press 4th ed.1999.

18. Farhi J, Ben-Haroush A, Lande Y, Fisch B. Role of treatment with
ovarian stimulation and intrauterine insemination in women with
unilateral tubal occlusion diagnosed by hysterosalpingography.
Fertil Steril. 2007;88:396–400.

19. Elenbogen A, Lipitz S, Mashiach S, Dor J, Levran D, Ben-Rafael
Z. The effect of smoking on the outcome of in-vitro fertilization-
embryo transfer. Hum Reprod. 1991;6:242–4.

20. Hughes E, Yeo J, Claman P, YoungLai EV, Sagle MA, Daya S, et
al. Cigarette smoking and the outcomes of in vitro fertilization:
measurement of effect size and levels of action. Fertil Steril.
1994;62:807–14.

21. Van Voorhis BJ, Syrop CH, Hammitt DG, Dunn MS, Snyder GD.
Effects of smoking on ovulation induction for assisted reproduc-
tive techniques. Fertil Steril. 1992;58:981–5.

22. Sterzik K, Strehler E, De Santo M, Trumpp N, Abt M,
Rosenbusch B, et al. Influence of smoking on fertility in women
attending an in vitro fertilization program. Fertil Steril.
1996;65:810–4.

23. Joesbury K, Edirisinghe W, Phillips MR, Yovich JL. Evidence
that male smoking affects the likelihood of a pregnancy following
IVF treatment: application of the modified cumulative embryo
score. Hum Reprod. 1998;13:1506–13.

24. Zitzmann M, Rolf C, Nordhoff V, Schrader G, Rickert-Fohring M,
Gassner P, et al. Male smokers have a decreased success rate for in
vitro fertilization and intracytoplasmic sperm injection. Fertil
Steril. 2003;79:1550–4.

25. Soares SR, Simon C, Remohı J, Pellicer A. Cigarette smoking
affects uterine receptiveness. Hum Reprod. 2007;22:543–7.

26. Friedler S, Schenker JG, Herman A, Lewin A. The role of
ultrasonography in the evaluation of endometrial receptivity
following assisted reproductive treatments: a critical review.
Hum Reprod Update. 1996;2:323–35.

27. Olivennes F, Howles CM, Borini A, Germond M, Trew G,
Wikland M, et al. Individualizing FSH dose for assisted
reproduction using a novel algorithm: the CONSORT study.
Reprod Med Online. 2009;18:195–204.

424 J Assist Reprod Genet (2009) 26:421–424


	Influence of smoking on outcome of COH and IUI in subfertile couples
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


