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a  b  s  t  r  a  c  t

It is  important  that  negative,  as  well  as positive,  studies  be published  to  complete  the  available  picture
in  areas  of scientific  inquiry.  At  the  same  time,  it is critical  that the  implications  of  a  negative  study  not
be  overstated  and  generalized  when  major  issues  of  study design  and  data  accuracy  may  be  the  reason
that  no  relationship  was  discovered.  The  challenge  of avoiding  type  II errors in interpreting  negative
findings  has  major  public  health  implications,  especially  when  the  relationship  of  an  exposure  to birth
defects  is  the  concern.  This  is  particularly  important  when  interpreting  the  report  by  Fazio  et  al.  (June
issue  of Reproductive  Toxicology)  on the  relationship  of  ondansetron  exposure  to  pregnancy  outcome
and  birth  defects.  This  review  addresses  the  study  design  and  conclusions  and  suggests  that  an  alternative
concluding  statement  would  be more  apropos,  given  the  limitations  of  the  data.

©  2016 Elsevier  Inc.  All  rights  reserved.
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There is widespread agreement that it is important negative,
as well as positive, studies be published to complete the available
picture in an area of scientific inquiry. At the same time, it is criti-
cal that the implications of a negative study not be overstated and
generalized when major issues of study design and data accuracy
may  be the reason that no relationship was discovered. Numerous
authors have suggested increasing the power of studies to minimize
the probability of making a type II error, i.e. the error that occurs
when study findings are generalized incorrectly to conclude no dif-
ference exists when a real difference exists [1,2]. Increasing sample
size does not necessarily address study design and implementation
concerns [3].

The challenge of avoiding type II errors in interpreting nega-
tive findings has major public health implications, especially when
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the relationship of an exposure to birth defects is the concern
[4]. This is particularly important when interpreting the report
by Fazio et al. in the June issue of Reproductive Toxicology [5] on
the relationship of ondansetron exposure to pregnancy outcome
and birth defects. Fazio et al. reported an analysis of fetal out-
come in pregnancies exposed to ondansetron to treat Hyperemesis
Gravidarum (HG) from a retrospective cohort study of women
recruited through advertising on the Hyperemesis Education and
Research Foundation Web  between 2007 and 2014. The inclu-
sion criteria was  a self-reported diagnosis of HG in a singleton
pregnancy and treatment with IV fluids and/or total parenteral
nutrition/nasogastric feeding tube. Each eligible woman was  asked
to recruit one acquaintance with at least 2 pregnancies lasting
beyond 27 weeks to participate as a control.

Outcomes were collected on 1070 pregnancies exposed to
ondansetron, compared to outcomes in two  control groups: 771
pregnancies in women  with a history of HG with no ondansetron
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exposure and 1555 pregnancies with neither a history of HG nor
ondansetron exposure. Ventricular septal defects were reported
in 2/952 of infants in the HG/Ondansetron-exposure group and
4/1286 in the No HG/No Ondansetron-exposure group. Cleft palate
was reported in 1/952 live births in the HG/Ondansetron and
2/1286 in the No HG/No Ondansetron-exposure groups. Women
with a history of HG who took ondansetron reported less miscar-
riages and terminations, and higher live birth rates. The authors
concluded that the overall results do not support evidence of ter-
atogenicity of ondansetron.

The publication by Fazio et al., addresses an unanswered ques-
tion about the teratogenesis of ondansetron exposure during the
first trimester of pregnancy. As published, this was  a poorly
designed and implemented study and only confuses the important
public health risk questions surrounding ondansetron exposure in
pregnancy.

Though ondansetron is approved primarily for nausea associ-
ated with chemotherapy and surgery, it is widely used off-label to
treat morning sickness in normal pregnancies and for women  expe-
riencing Hyperemesis Gravidarum, (HG), particularly after trials of
other drugs have failed. The U.S. Food and Drug Administration
(FDA) reports that in a population of over 2.1 million pregnancies
(Sentinel database), the prevalence of ondansetron use anytime
in pregnancy was 14.5%. Ondansetron use increased from <1% of
pregnancies in 2001–22.1% of pregnancies in 2014. Much of the
increase is attributable to oral ondansetron (beginning in 2006).
Use was highest in the first trimester and decreased in the second
and third trimesters. [6]. In light of this degree of use, questions of
the effects of ondansetron on pregnancy outcome and fetal defects
clearly have important public health implications.

The study published by Fazio et al. and used as an example for
this paper, was restricted to ondansetron exposure in women who
reported they had suffered from HG requiring hospitalization and
IV fluids. In other studies, HG has been associated with an increased
risk of pre-term birth and small for gestational age neonates [7,8].
Though 50% of pregnant women report nausea and 25% report vom-
iting during pregnancy, severe symptoms diagnosed as HG affects
only 0.3-1.5% of pregnant women.

Two previous epidemiologic studies, which included all preg-
nant women, suggested a possible increased risk of cleft palate and
ventricular septal defects (VSD) associated with ondansetron expo-
sure in pregnancy [9,10]. These relationships have not been found
in other studies [11].

The limitations in study design, implementation and interpreta-
tion are substantial and subsequently cannot support the authors’
contention that “The overall results do not support evidence of ter-
atogenicity of ondansetron” and increase the likelihood of making
a type II error in interpreting the findings. The publication pro-
vides little to no evidence about the teratogenicity of ondansetron
in pregnant women without a reported history of HG and little evi-
dence about the lack of teratogenicity of ondansetron in women
who experienced HG.

A more accurate statement, less prone to misinterpretation is
“The overall results do not support evidence of teratogenicity of
ondansetron, but at the same time does not rule out this possibility”
or alternatively “The overall results do not support evidence of ter-
atogenicity of ondansetron, but at the same time due to the study’s
limitations do not rule out this possibility”. Without such a state-
ment, the article published by US News and World Report (“Study:
Zofran Not Tied to Birth Defects”) or in professional magazines,
such as Nursing Standard (“Morning sickness drug is not linked
to increased risk of birth defects”) are typical of how this study can
be generalized without an understanding of its limitations [12,13].

The issues which raise concern about making a type II error, are
major questions about:

1 Statement of hypothesis
2 Sample
3 Validation of data
4 Analyses
5 Conclusions

1. Statement of hypothesis

The study is intended to be a descriptive study, as opposed
to a hypothesis testing study. No hypothesis is explicitly stated.
This distinction becomes increasingly important when the authors
interpret their findings. For example, they state that “This well-
controlled study shows no statistically significant increase in the
overall reporting of major and minor birth defects in women with
a history of HG exposed to ondansetron compared to women
with a history of HG who  did not take ondansetron”. The anal-
yses are based on pregnancies, not women. The HG group of
772 women contributed information on 1070 pregnancies with
ondansetron exposure and 771 pregnancies in the same women
without ondansetron exposure. Each woman who reported a his-
tory of HG contributed data on the outcome of 2.4 pregnancies
(Average of 1.4 pregnancies with ondansetron exposure and 1.0
pregnancies without).

In the control group, there were 563 women who contributed
data on the outcome of 1555 pregnancies or an average of 2.8
pregnancies per control. The statements about the findings being
applicable to pregnant women  are not worded precisely and can
lead to a misleading interpretation of the results. One question
which stands out is why  were some of the HG group women
exposed to ondansetron during one pregnancy and not necessarily
others?

The first step in conducting any research is to determine a clear
testable statement of the study hypotheses. A part of stating the
hypotheses clearly is to develop a protocol that includes a clear def-
inition of the outcomes that will be measured and how exposures
of interest and possible confounders will be measured. This study
includes women who reported a history of HG requiring IV fluids
during one of multiple pregnancies to controls who did not experi-
ence severe nausea and vomiting in apparently a larger number of
pregnancies per woman, without identifying which pregnancy (1st,
2nd, 3rd,) is contributing to the outcome data. They do not report
validation of HG diagnoses, pregnancy outcomes or medication
exposure. Taken together, this study does not meet these manda-
tory minimum requirements of stating a clear testable hypothesis,
confirmation of outcomes or evidence of a tightly designed obser-
vational study.

2. Sample

This retrospective cohort study is part of a larger survey investi-
gating the genetics and epidemiology of Hyperemesis Gravidarum
(HG). Eligible patients were primarily recruited through advertis-
ing on the Hyperemesis Education and Research Foundation Web
site. The inclusion criteria for women  with a history of HG were
a self-reported diagnosis of HG in a singleton pregnancy and a
self-report of treatment with IV fluids and/or total parenteral nutri-
tion/nasogastric feeding tube. Controls were acquaintances of HG
participants with at least 2 pregnancies lasting more than 27 weeks,
with no reported IV fluid use.

The authors state that “Albeit rare, some women may have
normal nausea/vomiting in one pregnancy and HG in another,
and therefore, selecting controls with a minimum of 2 pregnan-
cies with normal or no nausea and vomiting in pregnancy (NVP)
helps minimize enrollment of those types of controls. The criteria
excludes controls who deliver singleton babies with birth defects,
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