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1. Issue  
 
A study by Heneghan et al. published in the online journal F1000 Research 
concluded that use of oral hormone pregnancy tests (HPTs) in pregnancy is 
associated with increased risk of congenital anomalies. This was a systematic review 
and meta-analysis of observational case-control and cohort studies that included 
data from pregnant women that were exposed to oral HPTs within the estimated first 
three months of pregnancy and compared with a relevant control group.  
 
The HPTs have not been available in the UK since 1978. However, the 
progestogenic and estrogenic components of HPTs are currently found in a range of 
widely-used authorised gynaecological medicines across the EU including oral 
contraceptives (OCs), hormone replacement therapies, treatments for endometriosis, 
disorders of menstruation, period delay and some cancers.  
 
The Commission on Human Medicines (CHM) therefore advised that an ad hoc 
meeting of experts should be convened to carefully evaluate the new analysis and its 
findings.  

 
 
2. Terms of reference for the review  

The ad hoc Expert Group is asked to advise the CHM on the systematic review and 
meta-analysis of Heneghan et al, 2018 and in particular: 

• the suitability and robustness of the methodology, including the selection and 
application of the data quality score 

• any clinical implications.  

 

3. Summary 

 
The background to the issue which is the subject of the paper under consideration is 
detailed in Section 4. Section 5 summarises the publication as presented by the 
study authors and highlights points for consideration. Section 6 discusses contextual 
issues relevant to the interpretation of data on this issue, touches on the guidelines 
available to conduct meta-analysis, and more general issues related to meta-
analyses of epidemiological data. Section 7 considers the findings of the meta-
analysis and the potential implications.  

 

 

4. Background 
 

4.1 Hormone Pregnancy Tests 

 
A range of HPTs were widely used within Europe to diagnose pregnancy from the 

late 1950s until 1978. HPTs contained natural or synthetic sex steroid hormones, 

usually a progestogen in combination with an estrogen. They were also licensed for 

the treatment of secondary amenorrhoea. Whilst the roles of progesterone and 
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estrogens in supporting implantation and early placental development have been 

defined, their role in fetal organogenesis and development remains less clear. 

During the 1950s and 1960s, access to family planning advice and effective 

contraception was limited and abortion (other than in extreme medical 

circumstances) was illegal in the UK until 1967. Whilst pregnancy testing became 

more available from the 1920s onwards, it did not become mainstream or universal 

until much later. Most women did not usually attend antenatal clinics or consult a 

doctor about their pregnancy before the second or third trimester. 

There is some evidence that when HPTs first became available in the UK in the 

1950s, testing for pregnancy was intended for women who were considered more at 

risk of having a complicated pregnancy (Gal 1972, Michaelis 1983). The alternative 

to HPTs was a physical examination by the doctor or a relatively slow and expensive 

laboratory test. At the time of their introduction, and despite questions about their 

reliability in diagnosing pregnancy, HPTs were therefore considered to have several 

advantages over the alternatives and recognised as offering a more accessible, 

quicker and cheaper method of diagnosing pregnancy than the alternatives.  

Exact usage data are not known but one source (Gal 1978) has estimated that 

almost 8 million women in the UK were prescribed an HPT, of which about a million 

prescriptions were for diagnosing pregnancy. 

Against a background of heightened awareness of the possible teratogenic effect of 

medicines taken in pregnancy (through recent experience with thalidomide) a great 

many studies, letters and reviews have been written on the use of HPTs since they 

were first introduced to the market. In October 1967, the first observational study to 

suggest a link between use of HPTs in pregnancy and congenital anomalies in the 

child exposed in utero was published in a letter to the journal Nature (Gal et al, 

1967). This study stimulated major research interest in the issue and many further 

epidemiological studies investigating a possible association between HPTs and a 

range of congenital anomalies were published thereafter.  

 

4.2 Primodos 

 
The most frequently used oral HPT in the UK, Primodos, contained two hormones – 

norethisterone acetate (NETA;10mg per tablet) and ethinylestradiol (EE; 0.02mg per 

tablet). NETA, a prodrug of norethisterone (NET), is a progestogen derived from 

nortestosterone that also has weak oestrogenic and androgenic properties. The 

action that NET exhibits is therefore complex and will depend on its dose, route of 

administration, duration of use, the presence or absence of other hormones and the 

presence or absence of different hormone receptors. 

EE is a semi-synthetic estrogen with actions similar to those of natural estradiol. EE 
exerts potent estrogenic effects through its action at the estrogen receptors and has 
similar or slightly stronger estrogen agonist activity than the naturally occurring 
estrogens.  

One Primodos tablet was taken on two consecutive days by women suspected to be 

pregnant. In women who were not pregnant, a withdrawal bleed would occur a few 

days later. A conservative estimate of the likely window for use of Primodos was from 

the week of the woman’s first missed period to the end of the first trimester; that is, 4 
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to 12 weeks of pregnancy (2 to 10 developmental weeks). Other oral HPTs marketed 

in the UK similarly contained high doses of a progestogen and an estrogen. 

4.3 Currently available products containing NET(A) and EE 

 
HPTs including Primodos have not been marketed in the UK for 40 years; however, 

NETA or NET are currently the progestogenic component of a number of oral 

contraceptives and hormone replacement therapies, and a common treatment for 

menstruation disorders (Table 1). Typical daily doses range from 0.35mg per day in 

Noriday contraceptive to 60mg per day in Utovlan, a treatment for disseminated 

breast cancer. Similarly, EE is frequently used as the oestrogenic component of 

combined oral contraceptive preparations; a typical daily dose is 20 to 40 µg.  

Though no currently licensed medicines in the UK contain the same combination and 

dosage of progestogens and estrogens as were present in HPTs such as Primodos, 

varying combinations and dosages of similar progestogens and estrogens are 

therefore used daily by many millions of women. 

Table 1  Examples of oral medicines containing NET(A) in combination with EE or 

estradiol 

Product name Progestogen/estrogen 
(per tablet) 

Posology  Indication 

Primodos NETA 10 mg 

EE 20 µg 

1 tablet on each 
of 2 consecutive 
days 

hormone 
pregnancy test - 
discontinued 

Loestrin 30 NETA 1.5 mg  
EE 30 µg 

1 tablet daily  
(21 days per 
cycle) 

combined oral 
contraceptive  

Norimin NET 1mg micrograms 
EE 35 µg 

1 tablet daily  
(21 days per 
cycle) 

combined oral 
contraceptive 

Noriday 350 NET 350 µg 1 tablet daily  progestogen-only 
oral contraceptive 

Primolut N NET 5 mg 10-15 mg daily  
(for 4-6 months) 

endometriosis 

15 mg daily  
(for 10 days) 

dysfunction 
uterine bleeding 
menorrhagia 

15 mg daily  
(for 3 days) 

postponement of 
menstruation 

15 mg daily  
(for 20 days) 

dysmenorrhoea 

Utovlan NET 5 mg 40 - 60 mg daily disseminated 
carcinoma of the 
breast  

Elleste Duet 
Conti 

NET 1mg 
estradiol 2mg  

1 tablet daily hormone 
replacement 
therapy (HRT) 
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4.4 Congenital anomalies 

 
Congenital anomalies are defined by the WHO as “structural or functional anomalies 
(for example metabolic disorders) that occur during intrauterine life and can be 
identified prenatally, at birth or sometimes may be detected later in infancy, such as 
hearing defects” (WHO congenital anomalies factsheets).  
 
Information from Europe (Moore et al, 2008) and the USA (FDA 2005) suggests a 

total prevalence of major congenital anomalies of between 24 and 40 per 1 000 births 

(2.4% to 4%). In both territories, congenital heart defects appear to be the most 

common post-natal anomaly, followed by limb defects, anomalies of the urinary 

system and nervous system defects. 

The cause of at least half (60%) of all post-natal congenital anomalies remains 

unknown with the other half having genetic or environmental causes or both, as 

shown in Table 2. Many genetic conditions occur in individuals with no prior family 

history. 

Table 2. Causes of post-natal human congenital anomalies1 

Cause of congenital anomalies Proportion of all congenital anomalies 

Unknown aetiology 60% 

Multifactorial (genetic and environmental) 20% 

Environmental agents of which: 

Recognised teratogen 

Maternal illness 

Infection at birth 

7–10% 

2% 

3% 

2% 

Genetic mutations 8% 

Chromosomal abnormalities 6% (prenatally 30%) 
1adapted from Emery’s Elements of Medical Genetics, 10th Edition (Mueller and Young, 1998)   

Single gene defects and most chromosomal defects occur prior to conception and, in 
many cases of congenital anomaly, one or both of these possible causes should be 
ruled out before alternative aetiologies are considered. As genetic research continues 
to progress, it is likely that more congenital anomalies will be identified as having a 
genetic cause.   

 

 

5. Research for consideration 
 
Oral hormone pregnancy tests and the risks of congenital malformations: a 
systematic review and meta-analysis. (Heneghan et al, 2018) 

The evidence to be considered is the systematic review and meta-analysis by 
Heneghan et al, 2018. This is published in F1000Research, which is an Open 
research publishing platform which offers immediate publication of articles, whilst 
being peer reviewed, hence allowing amendments after publication.  

The following assessment refers to version 2 of the paper, which was published on 
29th January 2019 (first version on 31st October 2018). The changes from version 1 
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were mostly minor amendments and included a revision of labelling of effect 
estimates in the forest plots and an accompanying updated excel data sheet. Version 
2 of the paper can be found in Annex 1. 

Heneghan et al. conducted a systematic review of cohort and case-control studies to 
study the association between HPTs and congenital malformations and used meta-
analysis to obtain summary estimates of the likelihood of an association. Potential 
biases in these estimates were assessed. The methodology, findings and 
conclusions of the authors are summarised below, and points that the Expert Group 
may wish to consider have been highlighted.  

Methods: 

Data Sources 

The authors searched Medline, Embase and Web of Science as well as regulatory 
documents online, including the UK Government’s ‘Report of the Commission on 
Human Medicines’ Expert Working Group on Hormone Pregnancy Tests’ to retrieve 
relevant articles. Date limits or language restrictions were not applied, and search 
terms included (Primodos OR Duogynon OR “hormone pregnancy test” OR “sex 
hormones” OR “hormone administration” OR “norethisterone” OR “ethinylestradiol”) 
AND pregnancy AND (congenital OR malformations OR anomalies). In addition, the 
authors performed additional searches for comparable high-dose HPTs available at 
the same time as Primodos.  
 

Study selection 

The authors applied the following criteria: 

Inclusion criteria: 

- Studies of women who were or became pregnant during the study and 
were exposed to oral HPTs within an estimated first 3 months of 
pregnancy  

- Studies with a relevant control group 

- Publication in any language.  

Exclusion criteria: 

- Studies in which intervention was an oral hormone taken for other 
reasons (e.g. oral contraception) 

- Studies from which it was not possible to extract data on HPTs 
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Outcomes 

‘All major congenital malformations’ was considered as the primary outcome of 
interest and the outcomes were also categorised into congenital cardiac, 
gastrointestinal, musculoskeletal, nervous system, urogenital and the VACTERL 
syndrome (Vertebral defects, Anal atresia, Cardiovascular anomalies, 
Tracheoesophageal fistula, Esophageal atresia, Renal abnormalities and Limb 
defects.  

 

Risk of bias assessment 

Two reviewers extracted the data based on the inclusion and quality assessment 
criteria and any discrepancies were resolved through discussion with other authors. 
Data was extracted about study type, number of exposed and unexposed 
pregnancies (to HPTs) and types of outcomes. Furthermore, if available, data was 
extracted on ascertainment of cases, age, parity, setting, exposure to other 
medications and confounding variables. In case-control studies, if data were reported 
on more than one control group, data was extracted for non-disease/non-abnormality 
controls, and control groups were combined if necessary.  

The authors assessed the quality of the included studies using the Newcastle-Ottawa 
Scale (NOS) for non-randomised studies included in systematic reviews. The scale 

assesses three main aspects of a study with 8 criteria: 1) selection of study groups 
(cases and controls and/or exposed and non-exposed) in terms of case definition, 
representativeness of the population, and choice of comparator, 2) comparability of 
study groups and control of the most important confounder and 3) ascertainment of 
the outcome/exposure including potential issues of follow up and recall bias. Each 
positive criterion scores 1 point, except comparability of study groups, which can 
score up to 2 points (one for ‘study controls for the most important factor’ and one for 
‘study controls for any additional factors’). The maximum NOS score is 9 and, in the 
Heneghan study, a score of 1 to 3 points was considered to indicate a high risk of 
bias based on a previous research article (Lunny et al, 2013). For the ‘comparability 
of study groups’ criterion i.e., ‘study controlled for the most important factor’, the 
items that were reported in the original paper were selected and any disagreement 
between reviewers was resolved through consensus using a third author. The 
authors examined whether there was a linear relation between methodological quality 
and study results, by plotting the odds ratios against the NOS scores, and assessed 
correlations of NOS scores with several confounding variables that were collected. 
 

Statistical methods 

The authors calculated study-specific odds ratios and associated confidence intervals 
for all outcomes. A random-effects model was used for the meta-analysis and 
heterogeneity was assessed using the I2 statistic and publication bias using funnel 
plots. Several sensitivity analyses were conducted: 1) excluding single studies to 
judge the stability of the effect and explore effect on heterogeneity, 2) excluding 
studies of low quality from the analysis and 3) excluding studies with zero events 
from the analysis.  

Meta-regression was also performed to assess whether the observed heterogeneity 
could be explained by differences in NOS score in which the NOS score was used as 
a covariate against the log OR as weights. Cochran Q test was used to look at the 
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timing of HPT administration in relation to pregnancy and organogenesis and study 
design as part of a subgroup analysis.  

The authors followed the reporting guidelines of the Meta-Analysis of Observational 
Studies in Epidemiology (MOOSE).  

Patient involvement  

Members of the campaign group ‘Association for Children Damaged by HPTs’ were 
acknowledged as being involved in the original discussions of the review and 
provided input to outcome choices, the search, the location of study articles and 
translations.  

 

Results 

Initially 409 items were retrieved for screening out of which 354 were excluded since 
they were not relevant to the aim of the review. The authors assessed the full texts of 
37 articles and identified 24 articles for inclusion. These included 26 studies of which 
16 were case-control and 10 were prospective cohort studies, and two were 
unpublished. These studies were published between 1972 and 2014 and included a 
total of 71,330 women. The case-control studies included 28,761 mothers, 594 of 
whom were exposed to HPTs while the cohort studies included 42,569 mothers, 
3,615 of whom were exposed to HPTs. 

The comparator groups for cohort studies tended to be women recruited from 
antenatal clinics or birth centres. The choices of controls in the case-control studies 
ranged from healthy infants born on a date close to the case infants to infants with 
malformations other than those under investigation. Further information on the 
characteristics of the included studies are listed in Table 2 of the Heneghan et al. 
paper (Annex 1). 

Quality assessment 

Three studies (Laurence 1971, Fleming 1978 and Haller 1974, the latter two were 
unpublished) were assessed as being at high risk of bias (NOS score of 3 or below). 
Twelve studies were judged to be at low risk of bias (NOS 7 to 9). The median NOS 
score was 5 (mean 6.1) and ranged from 2 to 9. A breakdown of the scores 
according to the specific NOS criteria is shown in table 3 of the Heneghan et al. 
paper (Annex 1).  

For the NOS item assessing the comparability of cases and controls based on design 
or analysis (item 5), 12 case-control studies and six cohort studies were judged to 
have controlled for the most important factor (item 5a) and nine case-control studies 
and four cohort studies were judged to have controlled for important additional 
factors. Seven studies (Laurence 1971, Levy 1973, Tummler 2014, Fleming 1978, 
Haller 1974, Meire 1978 and Roussel 1968) did not report the confounding variables 
collected. There was a high positive correlation between NOS scores and the 
number of confounding variables collected (r=0.83). 

Funnel plots were presented to look at publication bias for the outcomes ‘all 
congenital malformations’ and ‘congenital heart disease’ but due to the insufficient  
number of studies more advanced statistical methods were not used.  
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Association of exposure to HPT with the risks of malformations 

All malformations 

Nine studies (two case-control and seven cohort studies), examined the association 
of pregnancy with all congenital malformations, the primary outcome of interest. 
These studies included a total of 61,642 mothers of infants of whom 3,274 were 
exposed to HPTs. A statistically significantly pooled odds ratio was obtained (1.40, 
95%CI 1.18, 1.66) with no evidence of important statistical heterogeneity (I2=0%), 
reported as implying a 40% increased risk of all congenital anomalies with exposure 
to oral HPTs (fig 2 from paper). For the two case-control studies the pooled OR was 
1.70 (95%CI 1.01, 2.86) with substantial statistical heterogeneity (I2=63%). For the 
seven cohort studies the pooled OR was 1.28 with no evidence of statistical 
heterogeneity (95%CI 1.05, 1.56, I2 = 0%).  

In a post-hoc sensitivity analysis, removing the studies that did not collect any 
confounding variables (Haller 1974, Fleming 1978, both assessed as low quality 
using the NOS criteria) gave a similar pooled effect estimate compared to the main 
analysis (OR 1.44, 95%CI 1.18, 1.75; I2=11%). In the meta-regression, no 
association was observed between total NOS score and increased risk (p=0.51) and 
the test for subgroup differences was not significant (p=0.32). 

 

 

Congenital heart malformations (Figure 3 in Annex 1) 

Five case-control studies and two cohort studies looked at congenital heart 
malformations with a total of 19,267 mothers and 218 exposed to oral HPTs. The 
pooled OR was significantly increased at 1.89 (95%CI 1.32, 2.72, I2=0%) and similar 
results were obtained when removing one study (Levy 1973) that collected no 
confounding variables (OR=1.88, 95%CI 1.25, 2.85, I2=12%). The pooled OR for 
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case-control studies was statistically significantly increased (1.87, 95%CI 1.23, 2.85, 
I2=9%); the pooled OR for the cohort studies was increased but not significantly so 
(OR=1.95, 95%CI 0.44, 8.69, I2=32%). The meta-regression was not significant 
(p=0.94). 

Nervous system malformations (Figure 4 in Annex 1) 

A total of 12,486 mothers, with 127 exposed to HPTs, were included in three case-
control studies and two cohort studies looking at the association between HPT 
exposure and nervous system defects. The pooled OR was significantly increased at 
2.98 (95%CI 1.32, 6.76) with a high statistical heterogeneity (I2=78%). In a post-hoc 
sensitivity analysis, the statistical heterogeneity was removed after excluding two 
studies (Laurence 1971, Roussel 1968) that did not collect any data on confounding 
variables (OR=6.04, 95%CI 3.33, 10.78, I2=0%). 

Gastrointestinal malformations (Figure 5 in Annex 1) 

Three studies (one case-control and two cohort) reported on the association between 
exposure to oral HPTs and gastrointestinal malformations, with a total of 2,722 
mothers of which 79 were exposed to HPTs. The increased pooled OR obtained was 
not statistically significant (OR=4.50, 95% CI 0.63, 32.20) with high statistical 
heterogeneity (I2=54%). 

Urogenital malformations (Figure 6 in Annex 1) 

A non-significant pooled OR of 2.63 (95%CI 0.84, 8.28, I2=0) was obtained from one 
case-control and one cohort study looking at the association between HPT exposure 
and urogenital malformations.  

Musculoskeletal malformations (Figure 7 in Annex 1) 

Three case-control studies and one cohort study reported on the association of HPT 
exposure and musculoskeletal malformations, with 79 exposed women out of a total 
of 2,464 mothers. The cohort study (Torfs et al 1981) had zero events and removal of 
this study did not affect the effect estimate (OR=2.24, 95%CI 1.23, 4.08, I2=0). 

VACTERL (Figure 8 in Annex 1) 

Two case-control studies (Nora et al 1975, Nora et al 1978) reported a pooled OR of 
7.57 (95% CI 2.92, 19.07, I2=0) for the association between HPT exposure and 
VACTERL, which was based on 135 women and 27 exposed to HPTs.   

Points for consideration: 

The authors have used recognised systematic review and meta-analysis 
approaches, including established statistical models. In the context of the particular 
issue being examined here and the underlying epidemiological data used, certain 
aspects on the implementation of these methods are presented below.  

Implementation of the study selection criteria: 
 
The presence of a control group was stated as one of the main inclusion criteria. 
The letter by Meire et al (1978), reported one case of oesophageal atresia out of 20 
exposed to HPTs (out of a total of 500 women). Though not specifically stated by 
Meire to be a cohort study, the meta-analysis refers to the comparator group as 
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being 0 out of 480 women unexposed to HPTs (for which no cases of 
malformations were mentioned). A similar study by Oakley et al (1973), which 
interviewed 436 women who gave birth to children with anomalies and compared 
the prevalence of HPT exposure in the first trimester across different types of 
malformations (NTDs, cleft lip/palate, oesophageal atresia, limb reduction 
deformities etc) was not included in the meta-analysis. Oakley et al. (1973) found 
no significant difference in the rate of exposure in any one malformation group 
compared to the other and concluded that the study provided no evidence of an 
association given that the likelihood that HPTs could cause an increase in all 
malformation was unlikely on biological grounds.  
 
Inclusion criteria comprised studies of women exposed to oral HPTs in the first 
trimester of pregnancy and studies which also had a control group. For two studies 
data on oral HPTs specifically (rather than injectable HPTs which contained 
progesterone and estradiol instead of synthetic hormones), was not clear (Goujard 
et al 1979, Michaelis et al 1983). The two Nora et al. case-control studies (1975, 
1978) included data on exposure to unspecified estrogens+progestogens, with 
data on number exposed to oral HPTs explicitly provided only for the cases. The 
authors state, in their meta-analysis extraction sheet, that the 15 cases who were 
exposed to OCs were excluded in Nora et al (1978) case-control studies 2 and 3. 
This implies that in addition to women with exposure to HPTs, women were also 
included if they had exposure to hormones given to prevent threatened abortion 
and to clomiphene+progestogen for infertility. 
 
Some studies (e.g. Goujard et al. 1979 for cardiac defects, Roussel et al. 1968 for 
all congenital anomalies) also reported observations on different congenital 
anomalies that were being reviewed in the meta-analysis, but these observations 
do not appear to have been presented within the relevant anomaly category 
analyses.  
 
Of note, the identified study by Tummler et al (2014) has not been included in any 
analyses. This is appropriate since the study was based on retrospective 
spontaneous case reports and was designed to explore reporting bias. 
 
 
Interpretation of the Newcastle Ottawa Scale (NOS) scoring criteria: 
 
The NOS criteria are designed to be relevant for general case-control and cohort 
studies. The studies are not particularly detailed but need careful interpretation to 
ensure they are robustly applied. Two criteria (three NOS points) where 
interpretation is particularly important, given the purpose of the underlying studies, 
are discussed below.  
 

a) Controlling for confounder vs collection of data on characteristics: To reflect 
the importance of accounting for potential differences between exposed and 
non-exposed populations or cases and controls, two items in the NOS data 
quality system relate to studies controlling for the ‘most important factor’ 
and the ‘most important additional factor’ or `other additional factors’. The 
Heneghan et al. publication does not state what factors were considered by 
the authors to be the most important confounders and whether these were 
prespecified or consistent across studies. 

For the association between HPT exposure and congenital anomalies it 
may be considered that maternal age, reproductive history including parity 
and previous miscarriages, family history of anomalies, history of 
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threatened abortion, concurrent infections, folic acid supplementation, 
smoking, geographical location, educational level, and socioeconomic 
status, amongst others, are important potential factors that may act as 
confounders and therefore need to be controlled for. The NOS scoring 
system specifically awards points to studies controlling for the confounding 
factors.  

In this meta-analysis, 19 of the 26 studies were given 1 point for controlling 
for the ‘most important factor’ and 13 of the studies were given 1 point for 
‘important additional factors’. Of those awarded points for these criteria, it is 
important to note that while some state that they collected data on at least a 
subset of the potential confounders listed above, few matched or adjusted 
for more than basic characteristics related to the mother (e.g. age). Some 
stated that there were no differences between groups for some 
characteristics although this was not always statistically explored (e.g. 
Greenberg et al. 1977, Hadijigeorgiou et al. 1982, Hellstrom et al. 1976). 
The NOS manual suggests that in the review of studies, ‘statements of no 
differences between groups or that differences were not statistically 
significant are not sufficient for establishing comparability’. Others 
demonstrated some differences between groups (e.g. Janerich et al. 1977, 
Michaelis et al. 1983) but did not adjust for these variables. 

b) Outcome of interest not present at start of study (cohort studies): All the 
cohort studies in the meta-analysis score 1 point for this criterion. As this is 
a study in pregnancy the interpretation of this criteria is particularly 
important. As HPTs would have been used to confirm pregnancy the 
presence or absence or a malformation at the point of exposure would not 
have been known. If the start of the study is considered to be the point of 
conception, then a malformation can clearly not be already present. It is 
also not clear if studies generally excluded genetic cases since those with a 
genetic link would be present at conception and hence study start. This 
criterion is considered to be more relevant for studies on other drug safety 
issues and reflects a lack of robustness and generalisability in the NOS 
criteria.    

 
Application of the Newcastle Ottawa Scale (NOS) scoring criteria to individual 
studies: 

Due to the lack of detail available in some of the underlying publications, 
classification of the quality of the HPT studies using the NOS can be challenging. A 
few points of uncertainty relating to the application of NOS criteria not already 
discussed in relation to their interpretation above are discussed below with 
examples.  

a) Selection of comparator group: The selection of the comparator group, 
either controls or an unexposed cohort, is a crucial component in 
epidemiological studies and can potentially have a substantial impact on the 
results by introducing biases.  

In the case-control studies, controls included: women who gave birth to 
healthy infants born on a date close to the case infants; women who gave 
birth to infants with malformations other than those under investigation; 
women who had the same postcode as those exposed; women who lived 
geographically far away; women who proactively sought a pregnancy test 
and were given a non-HPT test; and women who did not seek a pregnancy 



14 

 

test.  In some studies selection of controls were not adequately defined 
(e.g. Gal et al 1972, Roussel et al 1968, Hellstrom et al 1977). 

In the Gal et al (1972) study in which the selection of controls was allocated 
1 NOS point, the cases were identified from two hospitals to which they 
were admitted for surgical treatment, but the publication does not specify 
where the control groups came from. A subsequent paper (Sainz et al., 
1987) said of the Gal paper: “Some authors did not consider the selection of 
control groups to be adequate, as the cases came from an extensive area 
of England that included several hospitals and in contrast, the control 
groups just came from one single hospital and it is likely that the differences 
between the percentage of exposed children in both groups could be due to 
preferences for the use of one method or another for confirming 
pregnancy”. If there is variation in the use of HPTs across different 
hospitals, then this could lead to issues with the comparability of the cases 
and the control groups.  

For some studies included in the meta-analysis, control groups have been 
combined by the authors of the meta-analysis. The control group should be 
representative of the source population that produced the cases. If this 
holds true, then combining different control groups from the same study, as 
has been done in this meta-analysis, is unlikely to affect the results. 
However, if controls were not selected with care or, due to matching, the 
exposure distribution in the controls differed from the exposure in the 
population, then combining them could bias the effect estimates. In this 
meta-analysis the matched and random control groups in the study by 
Ferencz et al (1980) have been combined. The Torfs (1981) study, which 
was assigned a maximum score of 9 NOS points, also had two control 
groups, one in women who had pregnancy diagnosed through a serum test 
from 1959 to 1964, and the other through a urine test from 1965; these 
were compared with selection of the HPT group from 1962. Differences in 
the use or choice of test over time could also lead to a lack of comparability 
across these groups and indeed some differences in the cohorts are 
suggested in the paper.   

 
b) Ascertainment of outcome/exposure: In the NOS scoring system 

ascertainment of exposure is given a score of one if the exposure is 
ascertained either from a secure record or structured interview (blinded for 
case/control status in case-control studies). In studies evaluating possible 
adverse effects on the developing fetus, reliable exposure ascertainment is 
crucial to minimise exposure misclassification and to assess timing of 
exposure to the critical period of organogenesis. In addition, bias can be 
introduced in studies in which giving birth to a child with an anomaly could 
influence recall of exposure.  

For several of the case-control studies, in which interviews were the main 
method of collecting data on exposure and which were given a score of one 
for this parameter, it is not clear from the original publications whether or 
not the interviewer was blinded to the case/control status (Ferencz et al 
(1980), Janerich et al (1974), Lammer et al  (1986), Nora et al  (1975), Nora 
et al (1978) and Rothman et al (1979)). The case series by Meire et al also 
provided no details about the interviews and was assigned a score of one 
for exposure ascertainment.  

Statistical approach and methods used:  



15 

 

Heneghan et al. state that the Cochran Q test was used to look at the timing of 
organogenesis and study design as part of a subgroup analysis. However, the 
results for subgroup differences has only been mentioned for ‘all congenital 
anomalies’ which is assumed to be for study design.  

 

Study Authors’ discussion: 

The study authors state that significant associations were observed for the primary 
outcome of all congenital malformations and separately for congenital heart 
malformations, nervous system malformations, musculoskeletal malformations and 
the VACTERL syndrome. Many of these pooled analyses had zero heterogeneity and 
the direction of effect favoured the controls in 30 out of 32 analyses undertaken. 
Sensitivity analyses also showed similar results and there was no relation between 
NOS score and increasing risk. 

The authors go on to state that it has been suggested that there is no mechanistic 
argument for teratogenicity based on assumptions that a teratogenic effect of HPTs 
would be mediated by actions on estrogens and progestogen receptors and that 
concentrations of ethinylestradiol and norethisterone in the fetus would be too low to 
have a significant effect on those receptors. However, Gal had reported that that due 
to bleeding occurring in some pregnant woman soon after HPT exposure, the 
equilibrium of the uterus is affected. In terms of animal toxicity, they also highlight a 
study published in 2018 (Brown, et al., 2018) showed that components in Primodos 
are associated with dose-dependent and time-related damage in zebrafish embryos 
and affect nerve outgrowth and blood vessel patterning in zebrafish. Other animal 
studies have shown minimal effect on embryo development.  

The authors include the following as strengths and weaknesses of their meta-
analysis: 

1) Causal associations in absence of randomisation is difficult, although for 
questions about harms the ‘Oxford CEBM levels of evidence’ puts systematic 
reviews of case-control studies on a par with systematic reviews of 
randomised trials.  

2) The analysis was based on raw data from the publications and did not adjust 
for confounders, however most of the studies in the review used matched 
controls.  

3) Susceptibility bias was another issue as women with threatened abortions 
might be more likely to present and take medication. Careful matching could 
have mitigated this and the previous issue, and 13 out of 16 studies controlled 
for the most important factor on the NOS scale.  

4) The severity of malformations studied would have led to differing risk 
estimates across studies.  

5) Bias could have been introduced by inappropriate methods of ascertainment 
of malformations and exposures.  

6) Incomplete and uneven reporting as well as publication bias could have 
introduced bias and affected the effect estimates. 

7) The NOS scoring system has been criticised and a major weakness is the 
possible low agreement between assessors, especially among those with 
limited experience in doing systematic reviews (Hartling, et al., 2013, Oremus, 
et al., 2012). But it is widely used in assessing quality of non-randomised 
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studies and a NOS score of 0 to 9 has been previously used as a potential 
moderator in meta-regression and been recommended by the Cochrane 
collaboration.  

8) Sensitivity analyses i.e. changes in NOS score and subgroup differences, 
showed similar results to the main analysis.  

9) The chance of publication bias was reduced by translation and assessment of 
unpublished data. Due to the large sample sizes in studies for all congenital 
malformations, congenital heart disease and nervous system malformations, 
small unpublished studies, if not highly heterogenous, would have little effect 
on the effect estimates. Due to the small sample sizes of studies looking at 
gastrointestinal, urogenital, musculoskeletal and VACTERL malformations the 
interpretation of the results should be treated with caution.  

10) A significant strength of the study was the use of standard systematic review 
methods and a research question that solely focussed on exposure to HPTs.  

11)  While the effect of unmeasured confounder(s) cannot be ruled out, the lack 
of heterogeneity means such a confounder would have had to act in the same 
direction. Furthermore, confounding factors with variable effects on the 
pooled ORs would have led to a high degree of heterogeneity, which was not 
the case.  

 

Authors conclusion 

This systematic review shows an association of exposure to oral HPTs with 
congenital malformations.  

Points for consideration:  

The authors provide an extensive list of the strengths and limitations of their study 
although there is limited discussion on the potential extent of the impact of these 
on the conclusions drawn as is usual in a scientific publication where brevity is 
required. A wider consideration of the strengths and limitations of this meta-
analysis is included in Section 6 of this paper. However, additional background 
details for one of the points highlighted by the authors is provided below in order to 
provide further clarification.  

CEBM: As stated by the authors, the Oxford CEBM levels of evidence puts 
systematic reviews of case-control studies on a par with systematic reviews of 
clinical trials (level 1 of hierarchy). However, the case-control studies referred to 
are nested case-control studies where both cases and controls are drawn from the 
same population in a fully enumerated cohort. Of the case-control studies included 
in this meta-analysis only a couple (Fleming et al. 1968 and Kullander et al. 1976) 
could potentially be nested case-control studies but a lack of details means in 
those two publications makes this difficult to verify. CEBM places case-control 
studies at level 4 out of 5 of the hierarchy. 
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6. Assessor’s discussion of the data 
 
The systematic review and meta-analysis conducted by Heneghan et al. finds an 
increased risk of congenital malformations with use of oral HPTs in pregnancy.  

In considering this finding, the Group may wish to take account of a number of 
broader aspects that are potentially relevant to the interpretation of the results as 
presented.  

6.1 Scientific and epidemiological knowledge in 1960s – 1980s 

The time period for the conduct of the studies, included in this meta-analysis, ranges 
from the 1960s to the 1980s. The quality and rigour of the study design and data 
collection and the statistical methods applied in epidemiological studies conducted in 
this time frame would, more likely than not, be inferior to those conducted today 
(characteristics of studies included in the meta-analysis can be found in Annex 2). 

More recently, there have been rapid advances in: the availability of digital databases 
to support high-quality routine and bespoke data collection, validation, and storage; 
the development of new epidemiological and statistical methods to adjust for biases 
and confounding; and increased understanding and knowledge of the applicability of 
these methods and the various potential biases that need to be accounted for which is 
reflected in guidance on how to conduct and report high quality epidemiological 
research (e.g. ENCePP methodological guide, ICPE Guidelines for Good 
Pharmacoepidemiology Practices, STROBE reporting guidelines). For example, 
statistical software was not routinely available to implement regression models and 
adjustment for confounding in particular would have been extremely difficult. Many of 
the studies included in the Heneghan et al. meta-analysis used basic methods to 
compare risk in different groups and/or presented proportions by confounders in simple 
tabulations. In nearly all studies presented in this meta-analysis, only simple non-
parametric tests e.g.  McNemar’s test, Chi-squared test, and Fisher’s exact test were 
used. Only the study by Ferencz et al (1980) additionally used multiple logistic 
regression to adjust for confounders. In many instances the statistical test was not 
mentioned. 

A lack of clear reporting in the individual studies on many important aspects of study 
methodology, statistical analysis, confounders and selection of controls makes it 
challenging to appraise the studies accurately. Several studies were published as short 
letters to the editor for which details on the data collection methods, the analysis 
conducted, or any limitations are not available (e.g. Meire et al 1978, Levy et al 1973, 
Laurence et al 1971). This raises a question around how well the studies can be judged 
against the criteria of the Newcastle-Ottawa Score, which was designed in the context 
of modern reporting standards. Although sensitivity analyses excluded individual 
studies judged by the paper authors to be of low quality from the meta-analysis, the 
combined effect estimate would be expected to have been affected by the inherent 
flaws of most of the studies and any systematic biases compounded. 

With time, there has also been a substantial increase in evidence and knowledge about 
the most important factors to consider in the study of potential associations between 
congenital anomalies and drug intake during pregnancy. The importance of folic acid 
intake during pregnancy to prevent neural tube defects in the baby is one important 
example; others include various other maternal nutritional factors (intake of iron, 
iodine) to ensure optimal maternal health during the pregnancy, and the detrimental 
effect of alcohol consumption, lifestyle drugs and smoking during pregnancy. In the 
majority of the studies these factors were not collected and controlled for in the 
analysis.  
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Although the same sorts of biases may also occur in epidemiology studies conducted 
today, there is greater awareness of this issue, methods for controlling the biases are 
more advanced, and studies are generally reported better. Accordingly, many of the 
later studies did attempt to address at least some of the concerns with the earlier 
studies.  

 

6.2 Potential biases and confounding  

Several methodological issues need to be considered for the studies identified in the 
review. While the potential for biases was largely unavoidable due to the time at which 
these studies were conducted the extent to which they could have an impact on the 
validity and strength of the statistical association reported in the meta-analysis still 
requires careful consideration. Some important issues are outlined below: 

Recall bias 

In nearly all the studies identified here, exposure status was obtained via an interview 
with the mother given that this data would not have been systematically recorded in a 
way in which it could be extracted for use in future research. When exposure is 
identified via the mother in this way, using normal babies as a control potentially 
increases the risk of recall bias as mothers of children with a malformation may be 
more likely to remember different exposures. A long delay between exposure and 
ascertainment may also result in exposure misclassification due to issues of recall. In 
retrospective studies, there may also be inadvertent increased pressure from 
unblinded investigators on mothers of babies with congenital anomalies to remember 
what medicines they took during pregnancy. As an example, Nora et al (1975) report 
that many of the initial answers that were negative in patients, were positive after 
“considerable probing”.  

Use of HPTs and characteristics of women (channelling bias) 

At the time these studies were conducted, prior (or family) history of having a child with 
a congenital malformation or of single or multiple miscarriages would likely have 
increased the probability that a woman was offered, or sought, a pregnancy test as 
they were not routine, and prior history of a pregnancy with a malformation is a known 
risk factor for malformations in subsequent pregnancies. Many of the studies did not 
either match for reproductive history or adjust for it in the analysis (e.g. Janerich et al 
(1974), Janerich et al (1977), Lammer et al (1986), Laurence et al (1971), Levy et al 
(1973), Nora et al (1975), Nora et al (1978), Polednak (1983), Rothman et al (1979), 
Sainz et al (1987)).  

Gal et al (1972a) reported a significant increased risk of spina bifida in babies of 
mothers exposed to HPTs. In a separate publication Gal states that in 18 (of the 19 
mothers) exposed to HPTs, who had malformed babies and were included in that 
study, pregnancy was unwanted (Gal et al, 1972b). This raises the question of whether 
the women using HPTs had underlying complications that meant they were different in 
some way that may make them more predisposed to having infants with congenital 
defects and questions the robustness of the study finding for an increased risk of neural 
tube defects (NTDs) with HPTs. Similarly, in a retrospective study of cases of cleft lip 
and palate in Western Australia 18 of the 22 mothers who had received a pregnancy 
test were reported to have had unwanted pregnancy and had requested abortion 
several times (Brogan 1975, not included in Heneghan et al). In the study by Torfs et 
al (1981), the 3 groups receiving pregnancy tests (urine, serum and hormone) had 
much higher proportions of women who had reported a previous fetal loss, low birth 
weight infants or were more than 40 years old compared with women who had no 
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pregnancy test. Kullander et al (1976) highlighted a high incidence of Primodos usage 
in the group of induced abortions containing unwanted pregnancies. These examples 
suggest that clinical indication for the test is an important factor to be accounted for in 
the design and analysis of these studies.  

Confounding 

A number of risk factors could increase the probability of the occurrence of a congenital 
malformation including, as already highlighted, genetic factors, because a personal 
history of congenital malformations or history in a family is a strong predictor of future 
risk. Data on other relevant risk factors such as maternal nutritional status, smoking, 
alcohol use, folic acid use, concurrent infections, and exposure to pesticides and 
certain chemicals were not collected in majority of the studies. In the Heneghan paper 
unadjusted relative risks were reported with only limited adjustment considered 
through matching in the case-control studies.   

In the studies included in the meta-analysis there is a general trend and consistency 
towards risk estimates greater than one. The authors argue the lack of heterogeneity 
adds weight to the findings as any residual confounding would have had to operate in 
the same direction. However, this is not implausible given the general lack of 
adjustment for many key potential confounders and the question whether unaccounted 
for confounding is sufficient to account for the observed effects which are small and of 
borderline significance remains, particularly given concerns of publication bias.  

Publication bias 

Within the publication, funnel plots designed to explore the risk of publication bias were 
presented for ‘all congenital malformations’ and cardiac malformations. Due to the low 
number of studies for the other malformations studied funnel plots were not carried out 
or presented and further statistical tests were not conducted due to the possibility of 
the tests being underpowered. The funnel plots presented in Heneghan et al. have not 
been interpreted by the authors and are difficult to assess due to the small numbers 
and the size of any potential risk based on the data that were published. 

Publication bias cannot be excluded due to the age and timing of the studies which 
were carried out when the case of thalidomide was still relatively recent. Many of these 
studies were published after the products were removed from the market. It is therefore 
possible that questions regarding their safety were already known to authors. Further, 
the drive for transparency and publication of all data was not as it is now and 
observational studies showing non-statistically significant or marginal findings have 
historically been less frequently published than clinical trials or studies showing large 
effects meaning that we would have less confidence that all relevant data are available 
for inclusion in any review.  

 

 

6.3 The Newcastle-Ottawa Scale (NOS)  

 
One of the most important aspects of any systematic review and meta-analysis is 
assessing the risk of bias of the included studies. Several quality scales are 
available, including the NOS. This scale was developed as part of an ongoing 
collaboration between the Universities of Newcastle, Australia and Ottawa, Canada 
with a goal to provide an easy and convenient tool for quality assessment of non-
randomised studies (case-control and cohort) to be used in a systematic review. The 
NOS was developed to “assess the quality of non-randomised studies with its design, 
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content and ease of use directed to the task of incorporating the quality assessments 
in the interpretation of meta-analytic results” (Wells et al). The scale is composed of 
three broad perspectives: 1) the selection of study groups 2) comparability of the 
study groups 3) ascertainment of either exposure or outcome of interest for case-
control or cohort studies respectively. In total eight aspects of the study are 
considered. A points system is used, whereby a study can be judged to achieve a 
maximum of one point for each of seven items and a maximum of two stars for the 
item on comparability, to give a maximum NOS score of 9.  

This scale has been criticised by some, on the low agreement between assessors 
doing the scoring (Hartling & Milne, 2013), but it has been suggested that this can 
possibly be ameliorated by training of authors. As with any scale, there is a 
subjective element to assigning scores, especially if there is lack of clarity either of 
what is being asked or of what is being assessed. The NOS manual is not very 
detailed and some aspects on interpretation and implementation of the criteria 
appear to lack clarity. The Cochrane Collaboration note its potential use as a tool and 
its simplicity but warn that it may need to be customised to the issue of interest.  

The NOS scale does not consider biological plausibility. When looking at risks of 
specific malformations the exact timing of any exposure is important to consider and 
should ideally be within one week of the critical period of organogenesis for the 
observed anomaly. Where detail on exact timing of exposures is not available this 
introduces some uncertainty about the plausibility of any observed effect. Some 
studies included in the meta-analysis did at least state timing of exposure to be first 
trimester, however there were others in which the timing of exposure was not clear or 
not mentioned (e.g. Hadijigeorgiou et al 1982, Laurence et al 1971, Meire et al 1978, 
Rothman et al 1979).  

Comparability of cases and controls/cohorts 
 
The comparability items of the NOS scale questions whether the study ‘controls for 
the most important factor’ and ‘controls for additional factors’/`controls for the second 
most important factor’. The meaning of ‘important’ factor is not defined but should be 
specific to the research question. The most important confounders and the most 
important additional confounders should therefore be prespecified based on a careful 
consideration of the issue and prior to scoring the individual studies. It is not clear 
from the publication what the authors considered to be most important factor or 
factors. Usually, matching in case control studies is at least by age and sex, which is 
generally used to increase the efficiency of adjustment of confounding of these 
variables compared to unmatched case-control studies. Therefore, as age (and sex) 
are often potential confounders it has been argued that the comparability aspect of 
the NOS system has little importance. This is because the vast majority of case-
control studies are assigned points for this aspect on the NOS scale, most likely 
based on matching by age, despite not sufficiently controlling for other potentially 
more important factors (Stang, 2010).  
 
Judging which is the most important factor will not usually be straightforward. In the 
relationship between exposure to HPTs and congenital anomalies, a few factors may 
be considered to be important: maternal age, reproductive and family history, folic 
acid intake (for NTDs), concurrent infections, intake of other drugs or alcohol etc. In 
the publication by Heneghan et al. it is not clear what the important factors were or 
whether these were pre-specified. It is also not clear why the authors sometimes 
refer to confounding variables that were ‘collected’, rather than ‘controlled’ for in the 
original studies and how they interpreted this when implementing the relevant NOS 
criteria.  
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Thirteen out of the sixteen case-control studies and six out of the ten cohort studies 
included in the meta-analysis were assigned a score of 1 NOS point for the ‘most 
important factor’, although these studies were highly variable in the degree of 
adjustment/matching and the factors used. The latter category also comprised 
studies in which potentially important additional data on confounders was collected 
but not accounted for in the analysis.   
 
 
Selection of controls/unexposed group 
 
For case-control studies the NOS item on ‘selection of controls’ assesses whether 
the controls are derived from the same population as the cases and could have been 
cases had the outcome been present (online NOS manual, Wells et al). One NOS 
point is allocated if the controls were from the same ‘community’ as cases although 
`community’ is not explicitly defined and as already discussed has in this case 
included control groups identified in different hospitals and using prospective vs 
retrospective methods. Control selection is an integral part of a case-control study 
and poor control selection can distort the effect estimates and provide contradicting 
results.  
 
 
Other items of the NOS 
 
Exposure ascertainment is another important aspect to consider, as misclassification 
of HPT exposure could lead to an underestimate or overestimate of the effect. Some 
studies were allocated one NOS point for this aspect, despite the lack of clarity in the 
original papers regarding how exposure was ascertained, or seemingly not meeting 
the definition of secure record or structured interview (blinded for case-control 
studies). Most case-control studies stated that the interviews conducted were not 
blinded, and in many studies it may be considered that there was not enough detail 
about the interviews conducted or robustness of methods to assign a score for 
ascertainment of exposure. Blinding might not always be possible, and it has been 
suggested that conducting highly standardised interviews performed by trained 
personnel, which are regularly monitored throughout the study, is a feasible approach 
for ascertainment of exposure (Stang, 2010). Also, as previously highlighted the 
overall validity of the implementation of the ’Outcome of interest not present at start 
of study’ criteria for cohort studies is unclear.  
 
 
Categorisation of overall risk of bias score 
 
It is widely acknowledged that categorisation of the overall degree of bias in 
observational studies is subjective. Heneghan et al. referenced the study by Lunny et 
al (2013) to provide a classification of bias within a study as being low, medium or 
high. However, this ignores the relative importance of the different NOS criteria and 
the potential impact of deviation from them in the context of the issue and exact 
studies being considered. This means that a study that receives no points for either 
the selection of controls or comparability criteria but one point for the other 
(potentially less important) aspects the study can still have an overall score of 6 and 
be considered of low risk of bias i.e. high quality.  
 
Lack of reporting of methodological details in published articles may potentially distort 
the assessment of risk of bias, as has been shown for RCTs (Deverreux, et al., 
2004). A median NOS score has also been observed to be significantly higher among 
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reviewers compared to the authors of individual studies (Ka-Lok Lo, et al., 2014) 
implying that reviewers may not always have all information needed available from 
the published article in order to assess the risk of bias reliably. Many older studies, 
such as the ones included in this meta-analysis, suffered from lack of clear reporting 
of several characteristics of a study making it difficult to apply an accurate score. 
 
A review of published literature on tools available to assess quality or susceptibility of 
bias in observational studies highlighted the lack of a single obvious candidate tool 
for assessing quality of observational studies (Sanderson et al, 2008). The authors 
suggested that a more transparent checklist approach that concentrates on the few, 
principal, potential sources of bias in a study’s findings is preferable. They 
recommended that a tool should i) include a small number of key domains, ii) be as 
specific as possible (with consideration of the particular study design and topic area), 
iii) be a simple checklist rather than a scale and iv) show evidence of careful 
development.  
 
To assess older studies specifically looking at HPTs, many of the published tools 
consider more complex criteria based on modern standards of epidemiological 
approach; ideally the criteria need to be developed, based on knowledge of the most 
important factors specific to the exposure, the population and the outcome.  

 
More recently, the ROBINS-I tool designed for assessing the risk of bias in non-
randomised studies of interventions has been published (Sterne et al, 2016).  The 
tool reflects a shift in focus away from questions of methodological quality, as used in 
the Newcastle-Ottawa scale through a checklist and numerical scale, towards an 
assessment of the risk of bias across different domains. The tool is based on the 
underlying principle of a hypothetical pragmatic randomised trial, conducted on the 
same participant group and without features putting it at risk of bias, whose results 
would answer the question addressed by the observational study. It then focuses on 
different domains of potential bias and how they mean the study deviates from the 
target trial. The risk of bias should be interpreted as a risk of material bias i.e. that the 
impact of the bias on drawing valid conclusions is what should be considered. This 
means that identifying a serious risk of bias in one domain clearly highlights that the 
study as a whole is at risk of serious bias.  
 
The authors of the ROBINS-I tool highlight that only exceptionally will a study be 
considered at low risk of bias due to confounding. As highlighted, confounding can 
have one of the most major impacts on the effect estimates of an epidemiological 
study, but this is not well reflected in the NOS which weights the potential for 
confounding in the final quality score using just two points, the same as for the follow-
up of patients (when evaluating cohort studies) for example, which for studies for 
major congenital malformations is arguably considerably less relevant given that 
these will be established early on after birth.  
 
If the ROBINS-I tool for non-randomised studies of interventions is considered in 
relation to the studies included in the analysis conducted and under review here, of 
the seven domains of potential bias, earlier discussion in this assessment suggests 
that the two where deviations from an ideal hypothetical pragmatic randomised 
controlled trial occur are `bias due to confounding’ and `bias in classifications of 
interventions’. In particular, the studies will in the majority likely suffer from a serious 
risk of bias due to confounding given a lack of control for maternal history and/or the 
reason for receiving a test, or a critical risk of bias due to confounding given the use 
of unexposed comparator groups rather than controls who used an alternative type of 
pregnancy test. Further they would often be considered at a serious risk of bias in the 
classification of interventions, as exposure was predominantly identified 
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retrospectively via interview. They would also all be considered at serious risk of 
`bias in the selection of the reported results’ but this reflects practice at the time they 
were conducted where there was considerably less emphasis placed upon 
transparency.  
 
 

6.4 Usefulness of meta-analyses and the hierarchy of evidence 

 
Meta-analysis of randomised controlled trials (RCTs) is considered to provide the 
strongest evidence on an intervention, however, due to ethical and methodological 
reasons, RCTs are not feasible in many situations. Observational studies constitute 
the majority of published clinical research and publication of meta-analyses solely of 
observational studies has increased over the years although they are still not 
commonly conducted. Systematic review and meta-analysis of multiple studies 
addressing the same clinical question can provide potentially strong evidence, 
however synthesis of evidence from observational studies differs from the approach 
used when examining evidence from RCTs. This is due to the observational nature of 
the study design which lacks the experimental element of random allocation whereby 
the study groups might differ with respect to many other factors, apart from the 
exposure.  

Many factors need to be considered when planning to conduct a meta-analysis of 
observational data since there are important biases and differences in study designs. 
A recent study by Mueller et al. (2018) looked at the methodological 
recommendations on how to conduct systematic reviews and meta-analysis of 
observational data and found that there were some conflicting recommendations 
such as that relating to use of scales and summary scores to assess quality of 
studies, pooling results of different study designs, assessment of publication bias and 
use of statistical measures of heterogeneity.  

When assessing the conduct of a meta-analysis, regulators may refer to some of the 
following guidelines although it is acknowledged that meta-analyses and systematic 
review methodologies are less well developed for observational studies than they are 
for randomised controlled trials. The European Network of Centres for 
Pharmacoepidemiology and Pharmacovigilance (ENCePP), which is a network 
coordinated by the European Medicines Agency (EMA), publishes a guide on 
Methodological Standards in Pharmacoepidemiology which includes guidance on 
conducting systematic reviews and meta-analyses of completed comparative 
pharmacoepidemiological (observational) studies of safety outcomes and is 
supported by the EMA Guideline on Good Pharmacovigilance Practice of non-
interventional post-authorisation safety studies. The Cochrane collaboration 
publishes a handbook for Systematic reviews of interventions which includes 
guidance on assessing risk of bias in non-randomised studies and synthesis of data 
from non-randomised studies (Higgins & Green, 2011). The Council for International 
Organisations of Medical Sciences (CIOMS) has published a guide on Evidence 
synthesis and meta-analysis for drug safety (CIOMS, 2016), which has a section of 
specific issues in meta-analysis of observational studies. All of these cover similar 
aspects to consider with respect to the conduct of meta-analyses of observational 
studies. Of the specific major points mentioned in the guidelines, Heneghan et al 
included a clear definition of the research question, inclusion and exclusion criteria, 
an adequate search strategy and adequate extraction of data (studies were reviewed 
by two researchers) however the exact implementation of the stated definitions and 
approaches is a little unclear in places as already discussed. The authors did not 
publish their protocol  (as required by many journals although still not completely 
standard practice) and/or the statistical analysis plan which would have been useful 
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in helping to understand the exact methodologies used including what was 
prespecified in terms of the definitions for different malformations and the variables 
defined as the most important risk factors for example. In terms of study assessment 
tools, even though the NOS scale is recommended by the Cochrane collaboration it 
has been advised that items still may need to be customised to the review question 
of interest. The ENCePP guideline advises to steer away from ‘summarising overall 
quality of a study through a single score which obscures the assessment of the 
individual study components.’ Therefore, the applicability of NOS score to the issue 
under review, needs careful consideration.  ENCePP guidance also highlights the 
need to consider the limitations of the individual studies and to consider pre-
specifying sensitivity analyses to consider potential sources of bias.   

Assessing heterogeneity 

It is important to consider both statistical heterogeneity, in terms of the magnitude of 
the effect estimate, and clinical and methodological heterogeneity. As defined by 
Cochrane, variability in the participants, interventions and outcomes studied may be 
described as clinical diversity (sometimes called clinical heterogeneity), and 
variability in study design and risk of bias may be described as methodological 
diversity (sometimes called methodological heterogeneity). Clinical and 
methodological heterogeneity can lead to statistical heterogeneity. Appraisal of the 
similarity of studies is important in order to ascertain whether to include (or exclude) 
a certain study and the robustness of combining results into a meta-analysis. This is 
to determine whether there are genuine differences underlying the results of the 
studies, or whether the variation in findings is compatible with chance alone. Meta-
analysis should only be considered when a group of studies is sufficiently 
homogeneous in terms of participants, interventions and outcomes to provide a 
meaningful summary. In this meta-analysis, the lack of detail provided in the 
individual publications may limit the ability to be confident that the studies are suitably 
homogeneous in these respects.  

The Heneghan et al. publication, puts emphasis on the lack of statistical 
heterogeneity for many of the results. Statistical heterogeneity, which is measured 
using the I2 statistic, assesses the variation in the study effect estimates but not in 
other important study characteristics. A low I2 does not provide any information about 
whether the studies were conducted in similar populations or using similar 
methodology. Further, as with any metric, I2 has some uncertainty but confidence 
intervals for the I2 have not been provided here to assess this. Ioanndis et al (2007) 
showed that confidence intervals for the I2 statistic were often wide and emphasised 
that putting too much trust in homogenity of effects may give a false sense of 
reassurance and that confidence intervals should be presented.  

Results of the meta-analysis 

The meta-analysis found a 40% increased risk of ‘all congenital malformations’ 
associated with exposure to oral HPTs in the first trimester of pregnancy, and a 
significant increase in risk for congenital heart malformations, nervous system 
malformations, muculoskeletal malformations and the VACTERL syndrome.The 
question is whether the issues highlighted above: the lack of clear reporting in many 
of the studies; uncertainty over the adequacy of controlling for confouding; questions 
over comparability of controls and unexposed cases; the dated statistical analysis 
techniques; and high within-study variance in many cases, make interpretation of 
these findings more challenging. 
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Interpreting the results of all malformations together  (i.e. combining different 
congential anomalies) is not straightforward due to the different weeks of 
organogenesis of various organ development. The majority of studies did not stratify 
the data according to the possible week of fetal development that exposure took 
place, possibly because this was unknown.  

The authors conducted post-hoc analysis for some anomalies in which the “studies 
that collected no confounding variables” were excluded, and they found that the risk 
estimate did not change substantially. However, the perceived limitations of the NOS 
for this particular issue have been highlighted. 

Evidence Hierarchy 

The Oxford CEBM levels of evidence of hierarchy puts systematic reviews of nested 
case-control studies on a par with systematic reviews of clinical trials. While this may 
be true in some instances and is likely relevant to recently conducted studies 
subjected to much higher standards of conduct and reporting, it may not necessarily 
apply when the quality of the individual case control studies is questionable or 
unclear as seen with most of the HPT studies, particularly as the CEBM hierarchy is 
referring to only nested case control studies, for which exposure and outcome 
ascertainment is likely to be good and sufficient data on confounding is both available 
and accounted for. Further, guidance documents on the hierarchy state that it is 
designed as a short cut for time-constrained researchers to find the likely best 
evidence. While such tools will often be as accurate as more complicated decision 
processes, they will not be definitive.  

The classic hierarchy of evidence has been criticised for always placing randomised 
controlled trials higher than observational studies as there is a growing recognition 
that observational studies, particularly those showing a large effect or those showing 
a smaller effect size but with high standards of design and analysis which sufficiently 
account for potential bases, may provide stronger evidence of a causal association 
than poorly conducted non-significant randomised trials. Of note, the magnitude of 
the effect suggested by this meta-analysis is relatively small and the methods used in 
the individual studies are less advanced than studies conducted to modern 
standards.  

The Grading of Recommendations Assessment, Development, and Evaluation 
(GRADE) working group have developed an alternative approach to grading the 
quality of evidence coming from systematic reviews. While the apriori ranking for 
observational studies is low this can be upgraded if there is a large consistent effect, 
evidence of a dose response, or sufficient adjustment for confounders that reduces 
but does not remove an effect.  

 

7. Conclusion 
 
The paper by Heneghan et al. Version 2 published on 29 January 2019 states that  
“the evidence of an association between exposure to HPTs and congenital 
malformations has previously been deemed weak” but “this systematic review shows 
an association of oral HPTs with congenital malformations” and their results “show 
the benefit of undertaking systematic reviews”.  

The use of systematic reviews and advancing meta-analysis techniques can clearly 
be beneficial in supporting robust evidence synthesis and they are increasingly used 
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to support regulatory decision making, though could potentially be used more 
routinely.  

The statistical meta-analysis regression methodology used by Heneghan et al. 
(2018) is robust and appropriately applied including subgroup analysis by study 
design and excluded studies judged to be at high risk of bias.  

Nevertheless, the key consideration is whether a meta-analysis of studies conducted 
and reported according to the standards of the time of these, with important identified 
methodological considerations, is the most appropriate way of combining and 
evaluating the available evidence to assess if receiving a HPT increased a woman’s 
risk of having a child with a major congential malformation, or whether it would not 
necessarily overcome each study’s limitations.  

 

8. Advice sought 
 
On the basis of the evidence considered, the ad hoc Expert Group is asked to advise 
on: 

• the suitability and robustness of the methodology, including the selection and 
application of the data quality score 

• any clinical implications 
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