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Abstract

Background: Several studies have assessed potential associations between use of weight loss
products in the periconceptional period and neural tube defects (NTDs). However, the individual
studies are inconclusive and there has not been a systematic review of this literature.

Methods: We conducted a systematic search, using Ovid MEDLINE and PubMed, to identify
studies that evaluated the association between products used for weight loss and the risk of

NTDs. Because many studies of birth defects only evaluate a composite birth defect outcome, we
evaluated studies that defined the outcome as “any major birth defect” or as NTDs. We abstracted
data on study design, exposure definition, outcome definition, covariates and effect size estimates
from each article that met our inclusion criteria. For studies that evaluated a composite birth defect
outcome, we also abstracted the number of NTD cases included in the composite outcome. We
used a modified version of the Newcastle-Ottawa Scale to assess the quality of each article.

Results: We screened 865 citations and identified nine articles that met our inclusion criteria.
The majority of studies reported positive associations between maternal use of weight loss
products and birth defects (overall and NTDs). However, there were few significant associations
and there was considerable heterogeneity in the specific exposures assessed across the nine
studies.

Conclusion: Our systematic review of weight loss products and NTDs indicates that the
literature on this topic is sparse. Because several studies reported modest, positive associations
between risk and use of weight loss products, additional studies are warranted.
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Introduction

Weight loss activities are common in women of reproductive age, even among women who
are not overweight or obese. In the 2003 Behavioral Risk Factor Surveillance System survey,
75% of obese, 65% of overweight and 30% of nhormal/underweight women reported that
they were trying to lose weight (Katon et al., 2012). Consequently, many women may be
engaged in weight loss activities at the time of conception and during early pregnancy, when
such activities could have an adverse impact on the embryo. It is, therefore, important to
understand the potential impact of different weight loss strategies on birth defect risk.

One weight loss strategy that is relatively common among reproductive-aged women is

the use of weight loss products. For example, in a 2002 survey, 17% of women 18 to 34
years of age reported the use of a nonprescription weight loss product in the past year
(Blanck et al., 2007). The use of weight loss products by reproductive aged females is of
concern, because such products could have a direct teratogenic effect or indirectly influence
embryonic develop by means of the weight loss mechanism (e.g., decreased caloric intake
due to appetite suppression, decreased absorption of fats) or its sequelae (e.g., ketosis,
micronutrient deficiencies).

Several studies have evaluated potential associations between maternal weight loss strategies
and the risk of neural tube defects (NTDs) (e.g., Martin et al., 1988; Carmichael et al.,
2003). NTDs are of particular interest as they are one of the most common groups of
serious birth defects, with a prevalence of approximately 7/10,000 (Williams et al., 2015)
births in the United States. In addition, there is a substantial body of literature suggesting

a link between NTD risk and maternal nutritional and dietary parameters (Carmichael

et al., 2003). However, the individual studies of maternal use of weight loss products

and NTDs are inconclusive, and we are not aware of any systematic reviews of this
literature. Consequently, the objective of this study was to assess the evidence for an
association between a common weight loss strategy, use of weight loss products (e.g., drugs,
supplements), and the risk of NTDs.

Materials and Methods

We conducted a systematic literature search using Ovid MEDLINE and PubMed to identify
articles that reported on the association between maternal use of weight loss products and
the risk of (1) NTDs or (2) the composite outcome, “any major birth defect.” The latter
was included because, due to the relatively low prevalence of individual birth defects, many
studies only assess a composite outcome.

The search included articles published from 1946 through June 20, 2016. We used
combinations of keywords defining the outcome (e.g., spina bifida), exposure period

(e.g., pregnancy), and exposure (e.g., anti-obesity drugs), including specific drugs (e.g.,
sibutramine) and supplements (e.g., garcinia cambogia) used for weight loss. The exposure
search terms were obtained from relevant reviews (Bitsko et al., 2008; Egras et al., 2011,
Finkelstein and Kruger, 2014; Yanovski and Yanovski, 2014; Rios-Hoyo and Gutierrez-
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Salmean, 2016) and Web sites (see the Links section). The Ovid MEDLINE search strategy
is provided in Supplementary Appendix S1, which is available online.

We excluded articles that were reviews or abstracts, animal or in vitro studies, or case
reports or series, as well as any study that did not involve a comparison group. We also
excluded articles that did not evaluate: (1) NTDs or a composite birth defect outcome; (2)
products used specifically for weight loss (e.g., a study of diuretic use for weight loss would
have been included, whereas a study of diuretic use for treatment of hypertension would
not); or (3) exposures during, at least part of, the period from the three months before
conception through the first trimester of pregnancy.

Two reviewers (T.T.H., A.J.A.) screened the titles and abstracts of all identified articles. The
same two individuals reviewed the full text of articles screened as potentially eligible by
either reviewer. Discrepancies were resolved through discussion. For each article selected
for inclusion, one author abstracted information on study design, exposure definition,
outcome definition and covariates, as well as effect estimates and 95% confidence intervals
(Cls). For studies that only evaluated a composite birth defect outcome, we also abstracted
the number of NTDs included in each comparison group. When an article did not provide
effect estimates, but did provide the necessary count data, effect estimates, and Cls were
calculated using Stata v14.2 (Stata Corp, College Station, TX).

We abstracted adjusted relative risks (aRR) or odds ratios (aOR) when available and
otherwise abstracted unadjusted relative risks (URR) or odds ratios (UOR). For articles that
reported on a composite birth defect outcome that included both major and minor birth
defects, we only abstracted information on major birth defects. For articles that included
information on multiple exposure windows, we abstracted information specifically for first
trimester exposures when available and otherwise abstracted information on exposures that
occurred during the 3 months before pregnancy and/or the first trimester. A second author
confirmed the accuracy of all abstracted data.

Additional, potentially relevant articles were identified by reviewing the reference lists for
all included articles and searching Scopus for articles that referenced the included articles.
The full text of each potentially relevant article identified by these searches was reviewed as
described above.

We modified the Newcastle-Ottawa Scale for the evaluation of nonrandomized studies for
this review (Supplementary Appendices S2 and S3) (Wells et al., 2009) and used the
modified scale to evaluate the quality of each included article. One author scored each article
and a second confirmed the accuracy of each score. We based Newcastle-Ottawa quality

Links

Mayo Clinic:

http://www.mayoclinic.org/healthy-lifestyle/weight-loss/in-depth/weight-loss/art-20046409?pg=2

National Institute of Health (NIH):

https://ods.od.nih.gov/factsheets/WeightLoss-HealthProfessional/

Report of top 10 weight loss products that people search on Google: https://sway.com/KTPEcrVWCINUSY Gw

Natural Database: http://naturaldatabase.therapeuticre-search.com/ce/ceCourse.aspx?s=ND&cs=&pc=15-112&cec=1&pm=>5
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scores solely on the content of the included article (i.e., we did not use information from
related publications to supplement details in the included article).

The Ovid MEDLINE and PubMed searches identified 865 unique citations, of which 72
were selected for full-text review. Following the full-text review, seven articles were selected
for inclusion. Following review of the bibliographies from and citations to these seven
articles, two additional articles were included in the review. The nine articles, including four
cohort and five case—control studies, are summarized in Table 1.

Quality scores ranged from two to six (out of eight) for the cohort studies and from four

to six (out of nine) for the case—control studies. Common study limitations included the
potential for error in exposure classification, lack of control for potential confounding, and
failure to provide details about response rates and the comparability of nonrespondents and
study participants.

MAJOR BIRTH DEFECTS

Six studies (four cohort, two case—control) evaluated the association between any major
birth defect and weight loss products (Nelson and Forfar, 1971; Milkovich and van den
Berg, 1977; Jones et al., 2002; Lacroix et al., 2012; Manakova et al., 2012; Kallen, 2014).
Four of these studies evaluated a broad exposure category that included the use of any
weight loss product or diet pill. However, the included products differed across the studies
(e.g., some studies included only prescription products, whereas others included prescription
and nonprescription products). Three studies evaluated specific weight loss products (e.g.,
sibutramine), but there was no overlap across studies in the products that were evaluated.

Effect size estimates were not provided and could not be calculated for two cohort studies
(Milkovich and van der Berg, 1977; Manakova et al., 2012). However, neither reported
significant differences in the risk of birth defects in exposed and unexposed infants and

no NTDs were observed in the exposed infants. In the four studies for which effect
estimates were provided or calculated, elevated risk ratios (range for unadjusted estimates:
1.9-3.6; range of adjusted estimates: 1.4-1.8) were reported for all exposures except orlistat
(Table 1). The highest reported relative risk was for the combined use of phentermine

and fenfluramine (URR = 3.6; 95% CI, 0.6-21.1) (Jones et al., 2002), but this association
was not statistically significant and did not adjust for potentially important covariates,

such as body mass index. Furthermore, there were no NTDs in the exposed infants in

this study. Sibutramine was the only weight loss product that was associated with a
significantly increased risk of birth defects (aRR = 1.8; 95% CI, 1.0-3.0) (Kallen, 2014).
This association was significant even after accounting for potentially confounding variables
including maternal body mass index, and seemed to be primarily with heart defects (aRR
=2.2;95% ClI, 0.8-5.9). No NTDs were observed in the infants exposed to sibutramine.
Orlistat was the only weight loss product that was not associated with an increased risk of
birth defects (aRR = 0.4; 95% ClI, 0.1-1.0) (Kallen, 2014). However, 1/248 (0.4%) infants
exposed to orlistat had anencephaly.
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Three case—control studies included analyses specific to NTDs (Table 1) (Carmichael et
al., 2003; Bitsko et al., 2008; Suarez et al., 2012). In an unadjusted analysis of data from
a population-based case—control study conducted in California, 1989 to 1991, there was a
modest, nonsignificant increase in the use of diet products in the mothers of NTD cases as
compared to mothers of controls (UOR = 1.3; 95% CI, 0.6-2.9) (Carmichael et al., 2003).
A similar nonsignificant association was also reported in a study based on data from the
National Birth Defects Prevention Study, 1998 to 2003, which adjusted for body mass index
and additional covariates (aOR = 1.2; 95% CI, 0.7-2.0) (Bitsko et al., 2008). Finally, a
slightly higher, but still nonsignificant, effect size estimate was obtained in an unadjusted
analysis of data from a study of Mexican-Americans on the Texas—Mexico border (UOR =
1.6; 95% Cl, 0.7-3.5) (Suarez et al., 2012).

In the one study that evaluated anencephaly and spina bifida separately (Bitsko et al., 2008),
only anencephaly was associated with the use of any weight loss product (aOR = 2.6; 95%
Cl, 1.3-5.3). Furthermore, in this study, an association with anencephaly was observed for
products containing ephedra (aOR = 2.8; 95% CI, 1.0-7.3) as well as products without
ephedra (aOR = 1.6; 95% ClI, 1.0-2.6). These associations were all significant in analyses
that adjusted for body mass index and other covariates. In the single study that assessed use
of diuretics (Carmichael et al., 2003), this exposure was more common in mothers of NTD
cases as compared to controls (UOR = 2.7; 95% ClI, 0.7-10.2).

Discussion

The use of weight loss products is relatively common in reproductive-aged women. In a
2002 survey, 17% of women 18 to 34 years of age reported the use of a nonprescription
weight loss product in the past year (Blanck et al., 2007) and 2.4% of control mothers in

the National Birth Defects Prevention Study reported periconceptional use of any weight
loss product (Bitsko et al., 2008). Thus, it is important to understand the potential risks of
such exposures to the embryo. However, our systematic review indicates that the literature
on this topic is sparse, especially for specific exposures. Only three studies evaluated
individual products (sibutramine, orlistat, benfluorex) or product combinations (phentermine
and fenfuramine), and there was no overlap in the products assessed across these studies.
Furthermore, studies that considered broad categories of exposures differed in the products
that were included (e.g., only prescription versus prescription and nonprescription products).
This heterogeneity is not surprising, given the number of weight loss products that are
available, as well as changes in the availability of specific products over time (e.g.,
fenfluramine entered the United States market in 1973 and was withdrawn in 1997)
(Haslam, 2016).

Based on the limited literature on specific weight loss products, it is not possible to
determine whether maternal use of phentermine plus fenfluramine, benfluorex, sibutramine
or orlistat is associated with the overall risk of birth defects or the risk of NTDs. Orlistat

is the only one of these products that is currently marketed in the United States and it

is available as both a prescription (pregnancy risk category: X, contraindicated) and lower
dose, nonprescription medication. It is reassuring that, in a large Swedish birth cohort,
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orlistat was not associated with an increased risk of birth defects. However, 1/248 (0.4%)
exposed infants had anencephaly, which is higher than expected for a condition with a
prevalence of ~2/10,000 in Sweden (ICBDSR, 2013).

A single reviewed study evaluated maternal use of diuretics for weight loss and reported a
moderate association with NTDs (URR = 2.7; 95% CI, 0.7-10.2). At least two additional
studies have reported associations between diuretics and NTDs. In a study based on data
from the Texas Birth Defects Registry (which was not included in our review because it was
only described in an abstract), women who had an NTD affected pregnancy were twice as
likely as women with unaffected pregnancies to report using diuretics (OR = 2.0; 95% ClI,
0.5-9.0) (Waller et al., 2001). In addition, in a study based on data from the Collaborative
Perinatal Project (which was not included in our review because it did not focus on products
used for weight loss), diuretics and NTDs were significantly associated (OR = 6.1; 95% ClI,
2.0-18.4) (Myrianthopoulos and Melnick, 1987).

Our review provides some evidence that the risk of birth defects and the risk of NTDs

are modestly associated with broad exposures that include the use of any diet product or

any diet pill. Each study that assessed such exposures and provided an effect size estimate
(or for which an estimate could be calculated) reported a nonsignificant increase in the

risk of birth defects (range: 1.4-1.9) or NTDs (range: 1.2—-1.6) in exposed, as compared to
unexposed infants. However, as all but one of these studies used a case—control design, these
findings are subject to all of the concerns inherent to this design, including the potential

for misclassification bias in the exposure assessment and uncontrolled confounding.
Furthermore, given the range of products considered in these studies, it is difficult to
speculate about the potential mechanisms that might underlie the observed associations.

Optimally, future studies of the association between weight loss products and birth defects
will consider specific weight loss products and specific birth defects. Additional studies

of orlistat and diuretics as well as studies of newer prescription weight loss products

(e.g., lorcaserin), which have not been evaluated for potential associations with birth
defects, are warranted. Commonly used nonprescription products should also be evaluated.
Realistically, given the low prevalence of both specific exposures and specific birth defects,
additional studies that consider composite exposure and outcome categories will be needed.
Such studies should dis-aggregate categories to the extent possible (e.g., defect specific
analyses as well as analyses of any birth defect). Furthermore, whether using individual

or composite categories, future studies should include a thorough assessment of factors
that may confound, mediate or moderate the association between exposure and outcome.
Such factors include maternal body mass index, other weight loss strategies (e.g., caloric
restriction) and lifestyle factors (e.g., smoking).

In summary, our systematic review indicates that there are substantial gaps in our
understanding of the potential teratogenicity of weight loss products. Our review does not
help to define specific guidance for women who are concerned about the risk of birth
defects due to periconceptional exposure to weight loss products. However, our systematic
review does support the clinical management guidelines from the American College of
Obstetricians and Gynecologists, which indicate that medications for weight management
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are not recommended during the time of conception (ACOG, 2016). Furthermore, our
findings suggest that, in addition to receiving information on the importance of achieving
and maintaining a healthy weight through lifestyle choices that include healthy eating and
regular physical activity (CDC, 2016), reproductive-age women should receive information
on the potential (unknown) risks, to the embryo, of exposure to weight loss products.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Articles identified through Scopus
and review of bibliographies

FIGURE 1.
Flow diagram of article selection.
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