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ABSTRACT 

 

Background: Cleft lip with or without cleft palate (CL±P) is one of the most prevalent 

birth defects with wide variability across geographic origin, racial and ethnic groups and 

an overall incidence ranging between 0.03% and 0.2%. Maternal drug consumption is 

one of the implicating factors that have been associated with the development of CL±P. 

Hypertensive disorders occur in an estimated 5-10% of pregnancies and at least 5% of 

women take antihypertensive treatment during gestation. 

More than 90% of pregnant women take prescription or non-prescription drugs at some 

time during gestation. Perception of risk could highly influence a pregnant woman’s 

decision to whether use a drug or not especially when taking over the counter 

medications. 

Aims: 1) To study a possible association between anti-hypertensive drugs taken during 

pregnancy and CL±P incidence in a group of cases and controls. 2) To evaluate the 

perception of risk for medication use during gestation between mothers who gave birth to 

children with cleft lip and/or palate and mothers with children without the malformation. 

Methods: For the first part of the study a retrospective chart review of women in Tufts 

Medical Center was performed while for the second part a structured questionnaire was 

used. Both parts involved a case and a control group. 

Results: For the first part of the study no women in the case group were under 

antihypertensive treatment. For the second part of the study both case and control groups 

overestimated the risk of medication use in gestation. 
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Conclusions: For the first part of the study no association between antihypertensive 

medication and the development of CL±P could be identified. For the second part, no 

statistically significant association between groups was detected. However, both groups 

overestimated the risk of drug usage in pregnancy. 
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1. Introduction  

A. Part 1: Antihypertensive medication during pregnancy and the risk of developing fetal 

cleft lip/palate  

 

1.1 Definition and epidemiology 

 

The formation of the upper lip begins during approximately the 5th week of gestation with 

the appearance of the maxillary and medial nasal processes and is completed by the 7th 

week of gestation when these processes fuse. Formation of the palate begins with the 

appearance of the palatal shelves during the 6th week of gestation and is effected by the 

10th week when complete fusion has occurred. Consequently, any factors intervening 

during the first trimester of pregnancy could cause discontinuation of these processes 

leading to the development of cleft lip with or without cleft palate (CL±P). 

CL±P is one of the most prevalent birth defects with wide variability across geographic 

origin, racial and ethnic groups and an overall incidence ranging between 0.03% and 

0.2%1. The highest reported birth prevalence rates belong to Asians and Native 

Americans with an incidence of 1 in 500 live births. Intermediate prevalence rates at 

approximately 1 in 1,000 are present in Europeans, while African- derived populations 

have the lowest prevalence rates at approximately 1 in 2,500 live births2. This variation in 

ethnic groups could suggest a potential difference in the contribution of individual 

susceptibility genes in CL±P across different populations2-4. The prevalence of CL±P is 

also different depending on gender and laterality with a 2:1 male to female ratio for cleft 

lip, approximately a 1:2 male to female ratio for clefts palate only and a 2:1 ratio of left 

to right sided clefts among unilateral cleft lip cases2. Almost 70% of cleft lip with or 
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without palate and 50% of cleft palate cases are non-syndromic5-7 with multifactorial 

etiology involving interaction between polygenic and environmental factors8. 

Interestingly, Fogh-Andersen and Fraser reported that clefts involving the lip and primary 

palate could be separated on both genetic and embryological grounds from those 

involving only the secondary palate9,10.  

 

1.2 Maternal drug consumption during pregnancy 

 

Maternal drug consumption is one of the implicating factors that have been associated 

with the development of CL±P11. Medications such as anticonvulsants12-15, 

antiretrovirals16 and corticosteroid drugs17-20 when taken during gestation have been 

documented to correlate with these malformations. However, limited attempts have been 

made to explore possible associations between systemic medications administered during 

pregnancy and the development of CL±P. 

 

1.3 Hypertensive disorders 

 

Hypertensive disorders are among the most common medical complications in pregnancy 

and the main cause of maternal and perinatal morbidity and mortality21. They occur in an 

estimated 5-10% of pregnancies22 and at least 5% of women take antihypertensive 

treatment during gestation23. Hypertension in pregnancy is defined by systolic blood 

pressure >140 mmHg and/or diastolic blood pressure >90mmHg, or by increase in 

systolic blood pressure by >30 mmHg, or in diastolic blood pressure by >15mmHg from 
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preconception or first trimester blood pressure confirmed by two measurements 6 hours 

apart24. For severe hypertension, antihypertensive medication is used to prevent serious 

complications. For mild-to-moderate hypertension there is no consensus on the treatment 

timing. However, even if antihypertensive agents benefit the mother, they carry potential 

risks for the fetus as they cross the placental barrier and have been measured in various 

concentrations in the fetal circulation25.  

 

1.4 Clinical Trials 

 

Few studies have examined the association of antihypertensive drugs and birth defects. 

Clinical trials that enrolled women under antihypertensive treatment did not detect any 

associated birth defects. However, the sample sizes of these studies were too small to 

draw statistically significant conclusions26,27,28,29,30. Nonetheless, facial clefting as well as 

other congenital anomalies have been linked to maternal hypoxia31,32,33 caused by some 

forms of maternal hypertensive treatment34. A recent study in mice by Nagaoka et al35, 

supports the hypothesis that embryonic hypoxia can directly affect lip formation. 

According to this study, O2 concentration is crucial for proper lip formation and within 

12 hours, hypoxic culture conditions led to decrease in the expression of Msx1, Msx2, 

PAX7 and PAX9 genes that are involved in the growth of facial processes. 

 

1.5 Isolated case studies 

 

In the literature isolated cases have been reported where CL±P has developed in 
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fetuses/infants whose mothers were on antihypertensive agents during pregnancy. Some 

of these case reports are presented below.  

Hurst et al34 reported a case of bilateral cleft lip and palate on a fetus whose mother 

started taking prazosin, an α-adrenergic blocker, for treatment of hypertension 7 days 

post conception. The authors proposed that the drug caused maternal hypotension that led 

to fetal hypotension and hypoxia giving a vascular etiology for the malformation. 

In 1996 another case of cleft lip and palate was reported on a male infant whose mother 

was receiving captopril during pregnancy36. Captopril is an angiotensin converting 

enzyme (ACE) inhibitor indicated for the treatment of hypertension and heart disease. 

However, current guidelines advise the discontinuation of ACE inhibitors as soon as 

possible once pregnancy is diagnosed because of known fetopathy37.  

Another case of cleft palate in a growth-retarded child whose mother was exposed to 

angiotens until 13th gestational week was also reported38. Valsatran belongs to the family 

of angiotensin II (AT II) receptor antagonists, which like ACE inhibitors are used in the 

treatment of hypertension. These agents are anticipated to have a similar action to ACE 

inhibitors. Their use should thus be avoided during pregnancy38. 

An increased risk for the development of isolated CL/P was reported in Hungary amongst 

mothers treated with oxprenolol during the second and third month of pregnancy11. 

Oxprenolol is a non-selective beta-adrenergic blocking agent used for the treatment of 

hypertension during pregnancy. It crosses the placenta, but no reports for birth defects are 

available owing to the lack of data during the first trimester39. 

According to the literature, the most commonly used antihypertensive medications during 

pregnancy are methyldopa40,41 , a central acting α2-adrenergic agonist, labetalol42, a 
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peripherally acting adrenergic receptor antagonist, and nifedipine40,43, a calcium channel 

blocker. Atenolol, a selective β-blocker should be avoided as it is associated with fetal 

impairment44. Finally, as mentioned above, the use of ACE inhibitors and AT II receptor 

antagonists is contraindicated in pregnancy24. 

 

1.6 FDA Medwatch Database 

 

Identifying safety issues related to the use of systemic medications is a challenging 

process. Safety of a new medication in humans is evaluated during the clinical trials 

period, starting with small Phase I trials of volunteers and moving gradually to larger 

groups of patients in Phase III trials. However, due to a multitude of reasons, not all 

adverse effects are discovered in the well-controlled period of clinical trials. Many such 

effects are only discovered in the post-marketing phase, when the drug is utilized by large 

groups of often heterogeneous patients. Knowledge discovery in databases performs data 

mining of large databases, such as the Food and Drug Administration (FDA) adverse 

effect-reporting database. Such data mining is an efficient way to quantify the strength of 

adverse effect “signals” earlier than comparable current methods do16,45,46.  

After exploration of signals for CL±P using the FDA Medwatch adverse effect-reporting 

database, a number of drugs were identified as associated with these malformations47. 

This database includes more than 55 million adverse effect reports from January 2004 to 

December 2008 and “houses” reports from physicians, dentists, healthcare professionals 

and any person that knows of, or suspects an association between a drug and a specific 

adverse effect. In order to quantify the strength of adverse effect “signals”, measures of 
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disproportionality such as the Reporting Odds Ratio (ROR) are used (Table 1). Through 

ROR given in the database it can be tested if the adverse effect in question is 

disproportionately more frequent in one drug versus all the others in the database. An 

elevated ROR indicates that a drug-event pair had disproportionally more reports in the 

database as compared with other drugs, relative to their total reported adverse events.  

In response to these voluntary adverse effect reports the FDA has issued warnings, made 

labeling changes, required manufacturers to conduct post marketing studies, and ordered 

product withdrawals that have ultimately prevented deaths and suffering of the patients48. 

Adverse drug reports from physicians, for example, prompted the FDA to determine that 

torsadesde- pointes ventricular arrhythmias could occur when the antihistamine 

terfenadine was taken in combination with ketoconazole or erythromycin49. Other 

examples of FDA action prompted by reports of adverse events included the 1986 recall 

of suprofen50, the 1991 alert to health professionals regarding fetal latex 

hypersensitivity51, the 1992 alert regarding use of ACEs during the second and third 

trimesters of pregnancy52 and, also the recall of temafloxacin53, an antibiotic that was 

withdrawn shortly after its approval because of serious adverse effects. 

 

1.7 Antihypertensive drugs associated with CL±P in FDA database 

Six antihypertensive drugs were identified as associated with the development of CL±P. 

RORs, confidence intervals (CIs) as well as frequencies of events were also included 

(Table 2). Cosopt, a topical eye medication used for ocular hypertension and glaucoma 

was also amongst these drugs. Beta-blocker eye drops should be avoided in the first 

trimester of pregnancy as they enter the systemic circulation through absorption from the 
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nasopharyngeal mucosa54.  

In spite of the isolated case reports reviewed above, to our knowledge, a clear association 

between antihypertensive medication during pregnancy and the development of CL±P per 

se has never been reported in the literature. Accordingly, the purpose of this study is to 

investigate this exact correlation through the comparison of the frequency of drug adverse 

effect “signals” during pregnancy between mothers of children with a cleft and mothers 

of children with no cleft. The design will include a hospital-based case control study 

where relevant data will be obtained from medical chart reviews.  

 

B. Part 2: Risk perception of medication use during pregnancy among mothers of 

children with cleft lip/palate 

 

For decades it was a common misconception that the placenta serves as a barrier to 

protect the fetus from the adverse effect of drugs. This perception was changed after the 

thalidomide tragedy in 196155 as it was determined that exposure to this drug led to 

serious fetal defects56,57 . The teratogenicity of thalidomide was not suspected for years 

and its consequences prompted the belief that any drug could be a potential teratogen58,59. 

However, as of today, fewer than 30 medications have been proven to be teratogenic 

during pregnancy60. 

More than 90% of pregnant women take prescription or non-prescription drugs at some 

time during gestation61. Perception of risk may highly influence a pregnant woman’s 

decision to whether use a drug or not especially when taking over the counter 

medications. Risk perception may have important health consequences if this perception 



	
   14	
  

negatively affects a mother’s adherence to a needed medication. In addition, withholding 

needed medical treatments of certain conditions may be more harmful to the fetus than 

use of the prescribed medication itself.  

In the literature there is paucity of research about the maternal perception of risk 

regarding the use of medication during pregnancy. Few studies that investigated 

perception of risk demonstrated a risk over-estimation. 

Koren et al58 in their study described that women exposed to non-teratogenic drugs 

estimated on average that they had a 25% risk of major defects, which is close to the high 

risk for malformations associated with thalidomide. The same group of women had 

estimated accurately the risk of major malformations in the general population to be 1-

5%62 indicating that their perception of risk was not due to misunderstanding of the base-

line risk. Sanz et al63 also reported an excessively high risk perception among women 

even for non-teratogenic drugs that were mistakenly considered equivalent in action to 

thalidomide or etretinate, two known teratogens. They concluded that the overestimation 

of risk could lead to abortion of otherwise wanted and healthy infants. Bonari et al64 after 

recruiting 100 women who used antidepressives concluded that 87% of the depressed 

women overrated the risk of using of these drugs. They also reported that after evidence 

based counseling this percentage was decreased by 75%. It has been documented that 

abrupt discontinuation of psychotropic drugs can lead to serious adverse effects and 

counseling is effective in reassuring women to adhere to these medications65.  

However, in the studies mentioned above there were no inclusion criteria regarding the 

group of mothers who were questioned about the risk perception. In the literature there is 

no documentation on the risk perception of women who have already given birth to a 
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child with a birth defect. Thus, the present study focuses on the comparison of risk 

perception regarding medication use during pregnancy between two groups of mothers; 

the first group consists of mothers with children with cleft lip and/or palate and the 

second group consists of mothers with children without any birth defect. 

 

2. AIMS AND HYPOTHESES 

 

Part 1 of the study 

 

The specific aim of this part is to study a possible association between anti-hypertensive 

drugs taken during pregnancy and CL±P incidence in a group of cases and controls. 

Contributing factors, such as racial characteristics, syndromes, medical history, and 

others, are taken into account. Risk assessment for the different groups of people are 

evaluated and compared to previous case studies.  

Our hypothesis is that there is a positive association between CL±P and certain 

antihypertensive medications received during pregnancy.  

Our long-term goal is to raise awareness within the scientific community about a possible 

link between CL±P and specific anti-hypertensive medications received during 

pregnancy. It will be of pivotal importance for it may comprise the starting point for 

experimental and population-based analytic studies and may help prevent, to an extent, 

the occurrence of CL±P. It could also constitute the first step in the creation of a 

comprehensive surveillance system to detect and study adverse drug reactions in the head 

and neck. Informing clinicians early about a possible association between a drug and an 
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adverse effect raises awareness and leads to more formal evaluations.  

 

Part 2 of the study 

 

The specific aim of this part is to compare the attitude towards drugs medication during 

gestation between mothers who gave birth to children with cleft lip and/or palate and 

mothers with children without any malformation.  

Our hypothesis is that mothers who gave birth to children with cleft lip and/or palate 

overestimate the risk of medication use in pregnancy when compared to women who 

gave birth to children without the defect. 

Our long-term goal is to raise awareness within the medical community and the 

community of drug manufacturers about the importance of proper counseling/labeling 

regarding medication use during pregnancy. It will be of pivotal importance, as education 

of women about pharmacotherapy will help in optimal fetal and maternal healthcare. 

 

 

3. RESEARCH DESIGN AND METHODS 

 

This study is divided in two parts; the first is a retrospective chart review while the 

second is a cross-sectional survey with the use of a questionnaire. 

 

In the first part 138 subjects were included. The subjects were mothers who gave birth to 

children with or without cleft lip/palate between November 1996 and January 2013. The 
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mothers were dived in two groups of 69 each with the case group being mothers who 

gave birth to children with the defect and the control group mothers with children without 

the defect. Controls were matched to cases based on the child’s age (±2 days) and gender. 

The medical charts of the case group were collected from the ENT Department of Tufts 

Medical Center (Tufts Floating Hospital For Children) and the charts of the control group 

were collected from all the departments of Tufts Medical Center by using the soarian 

software. When information from medical charts of the mothers could not be obtained, 

the medical charts of their children at delivery were reviewed instead, in order to identify 

maternal confounders. Mothers of adopted children were excluded from the study as no 

information on their medical history could be obtained. 

The information that was collected from the medical charts included details on maternal 

age at delivery, disease during pregnancy, possible drug consumption, alcohol and 

tobacco use. For the case group, information on the age, sex, gender of the child with the 

CL±P, type of cleft, family history of cleft and associate syndrome was also obtained. 

A power calculation was conducted using nQuery Advisor (Version 7.0). Assuming an 

odds ratio of 4 a sample size of n=69 was adequate to obtain a Type I error rate of 5% 

and a power of 80%. 

Personal identifiers were removed from the final database and results were computed and 

presented in tables. Finally, the statistical analysis that was used to compare the results 

from the two groups was the χ2 test. Fisher’s exact test was also used in place of χ2 test 

to analyze data with insufficient expected cell counts. All statistical analyses were 

performed with the SPSS (spss Inc. v. 19, Chicago, IL, USA) statistical software. 
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The second part of the study included an anonymous self-completed structured 

questionnaire. Ninety subjects consisting of two groups of mothers were recruited. The 

first group consisting of 30 subjects was the “case group”, which consisted of mothers 

who gave birth to a living newborn with CL±P. The second group that consisted of 60 

subjects was the “control group”, consisting of mothers who gave birth to a child without 

a congenital malformation. The mothers in the case group were recruited from the 

multidisciplinary cleft lip and palate clinic at Tufts Floating Hospital for Children and the 

Orthodontic and Pediatric dental clinics at Tufts University School of Dental Medicine 

(TUSDM). Mothers in the control group were recruited from the TUSDM Orthodontic 

and Pediatric dental clinics. The same questionnaire was given to both groups of mothers 

during their child's regular clinical visit. The questionnaire was in English and was also 

translated in Spanish for the Hispanic population. It consisted of 8 questions in total 

(Questionnaire). It included demographic information (age, race educational level of 

mothers), questions on whether or not the mother has given birth to a child with cleft lip 

and/or palate, on the estimation of birth defects percentage in the general population, the 

evaluation of risk of different substances/drugs and possible medication use during 

pregnancy. More specifically, to estimate the baseline perception of risk women were 

asked the question “In the United States, what percentage of infants do you think are born 

with a birth defect?”. The true baseline risk was defined as a risk of defects 1-5%. Four 

different categories based on Pregnancy Category Index (“safe”, “may not be safe”, “not 

safe” and “not familiar with drug/substance”) were used to evaluate the perception of 

teratogenic risk of 22 drugs and substances (Table 3). The drugs were acetaminophen, 

isotretinoin, penicillin, ranitidine, phenytoin, citalopram, nifedipine, fluoxetine, 
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thalidomide, methyldopa, diazepam, captopril, famotidine, insulin, lamotrigine and 

paroxetine, and the substances were tobacco, alcohol, aspartame and the vitamin folic 

acid. For each medication the most common trade name was given along with a 

description of the general class of drug next to it (i.e. painkiller, antidepressive, 

antihypertensive). The exposures that were considered to be safe in pregnancy were 

acetaminophen, penicillin, ranitidine, methyldopa, famotidine, insulin, aspartame and 

folic acid. The ones that were considered as “may not be safe” were citalopram, 

nifedipine, fluoxetine, and lamotrigine and the ones that were “not safe” in pregnancy 

were isotretinoin, thalidomide, phenytoin, captopril, diazepam, paroxetine, smoking and 

alcohol.  

Each potential subject was approached during a regularly scheduled clinic visit (for her 

child) and was told about the study. The subject was asked to participate in an 

anonymous survey. If she was interested, she was given an information sheet regarding 

the study to read, and had any questions answered.  Willing mothers then completed the 

questionnaire. Completion of the questionnaire served as her agreement to participate in 

the study.  No identifying information was collected. All paper documents were kept in a 

locked cabinet in a locked room. All electronic data were kept on a password-protected 

computer. 

A power calculation was conducted using nQuery Advisor (Version 7.0). Assuming an 

odds ratio of 4.0, a sample size of n=30 for the case group and n=60 for the control group 

was adequate to obtain a Type I error rate of 5% and a power of 80%. Descriptive 

statistics (counts and percentages) were calculated for each variable. The statistical 

significance of bivariate associations between outcome (perception of risk in mothers 
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with children with CL±P) and independent variables (exposures in pregnancy) was 

assessed by using the χ2 test; Fisher’s exact test was also used in place of χ2 test to 

analyze data with insufficient expected cell counts. Results were presented in tables and 

charts. All statistical analyses were performed with the SPSS (spss Inc., v.19, Chicago, 

IL, USA) statistical software. 

 

4. RESULTS 

4.1. Chart review part 

 

The characteristics of the children with CL±P that belonged to the case group are 

presented in Figures 1, 2 and 3.  

In the case group 1 mother with chronic hypertension was identified. However, she was 

under no antihypertensive treatment during pregnancy. Epilepsy, asthma, depression, 

anemia, hypothyroidism and diabetes were among the diseases that were identified in the 

case group with hypothyroidism presenting the highest percentage of 4.3% (Table 4). 

Different drug categories were detected; 47.8% of the case group were taking vitamins 

during pregnancy, 18.8% over the counter medications, 4.4% steroids, 4.4% thyroid 

medications, 2.9% antidepressives, 2.9% opioids, 2 mothers were under antiepileptic and 

antidiabetic treatment respectively and 2.9% reported drug abuse. For other exposures 

during gestation 2.9% of mothers reported smoking and 11.6% alcohol consumption 

correspondingly (Table 5, Figure 4). Four out of 69 case mothers (5.7%) had a 

syndrome/sequence associated with CL±P (i.e Van der Woude, Pierre Robin sequence). 
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In the control group 3 mothers with chronic hypertension were identified. Only one of 

them was under antihypertensive treatment during pregnancy (labetalol). The same kinds 

of diseases as in the case group were identified in the control group, with asthma 

presenting the highest percentage (10.1%, Table 4). Regarding medication use during 

pregnancy, 42% were taking vitamins, 10.1% over the counter medications, 10.1% 

antiasthmatics and less than 4.4% were under antidepressive, antiepileptic, thyroid, 

antidiabetic or opioid treatment. Smoking and alcohol consumption were detected in 

1.4% and 11.6% of the control mothers respectively (Table 5, Figure 4). 

 

Comparison between groups regarding medication use in pregnancy revealed no 

statistically significant differences with the exception of antiasthmatic medication (p< 

0.05); none of the mothers in the case group were under antiasthatic treatment, contrary 

to 10.1% of the mothers in the control group (Table 6, Figure 5).  

Finally, comparison of maternal age at delivery between groups did not show any 

statistical significant difference either (p< 0.05) (Figure 6). 

 

4.2. Survey part 

 

A total of 90 mothers completed the questionnaire. 

 

The case group consisted of 30 mothers who gave birth to children with CL±P. 

Their demographic data are presented in Figures 7 and 8.  
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From the total number of mothers 40% thought that the percentage of birth defects in the 

US general population is 6-10%, 23.3% answered that it is 1-5%, 23.3% reported it is 11-

15% and a 13.3% of the mothers thought it is >16% with 23.3% having answered that 

question correctly (1-5%, Figure 9).  

The case group was able to accurately identify the risk of acetaminophen and folic acid 

but it tended overestimating the risk of the rest of the safe medications. More specifically, 

regarding acetaminophen, the majority (63.4%) of the mothers estimated correctly the 

safety of the drug if taken during pregnancy. Penicillin was considered mistakenly as 

“may not be safe” during pregnancy by 50% of the cases, while 26.7% thought it is not 

safe to take this antibiotic during gestation at all and only 23.3% answered correctly. For 

the antacid drug ranitidine 33.3% thought correctly that the drug is safe during 

pregnancy, 30% that it might not be safe, 26.7% that it is not safe and 10% were not 

familiar with it. Methyldopa was evaluated as “not safe” by 40% of the cases, while 40% 

were not familiar with the medication. Famotidine, a safe antacid in pregnancy, had an 

overestimated risk with 43.3% of the mothers thinking of it as “may not be safe” and 

26.7% as “not safe”. For insulin 53.6% of the cases overestimated its safety risk. Folic 

acid was properly assessed as “safe” in pregnancy by 83.3% of the mothers while the rest 

16.7% overestimated its risk. The artificial sweetener aspartame was falsely reported as 

“may not be safe” from 46.7% and “not safe” from 23.3% of the cases, while 20% of the 

mothers estimated its true risk correctly (Figures 10-18). 

The case group overestimated the risk of all these medications. More specifically, for 

citalopram 37.5% of the mothers who were familiar with the drug gave the right answer 

while 50% of the total overestimated its risk. For the antihypertensive drug nifedipine 
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35.1% of the mothers who knew the drug responded correctly about its risk while 43.3% 

of the total thought it was not safe during pregnancy. For fluoxetine, 53.3% of all cases 

overestimated the risk of the drug considering it as “not safe” while 30% could correctly 

estimate its risk. Escitalopram’s risk was overestimated with 43.3% of mothers thinking 

that it is “not safe” in pregnancy. Lamotrigine’s risk was overestimated with 40% of the 

mothers categorizing it as “not safe” while 26.7% were able to estimate its risk accurately 

(Figures 19-23). 

For the anti-acne drug isotretinoin, 36.7% of the cases were not familiar with the drug 

and 43.3% answered correctly that the drug is not safe to be taken during pregnancy. For 

phenytoin only 50% were familiar with the drug. 33.3% thought it was not safe and 

16.7% thought it might not be safe at pregnancy with 66.7% having answered the risk 

question correctly. The teratogen thalidomide was considered “safe” by 6.7% of the 

cases, “may not be safe” by 20%, “not safe” by 46.7% while 26.7% were not familiar 

with the drug, leading to 63.6% having answered the risk question correctly. Diazepam 

was accurately estimated as “not safe” from 56% of the cases. Captopril, a 

contraindicated in pregnancy antihypertensive, was known by 50% of the mothers of 

whom 66.6% estimated its risk correctly. Paroxetine’s risk was correctly described as 

“not safe” by 56.5% of the mothers who were familiar with the drug. Smoking was 

accurately considered not safe in pregnancy by 100% of the cases. Alcohol was correctly 

categorized as “not safe” by 93.3% of the cases (Figures 24-31).  

The results for the case group are presented in Table 7. 

 

The control group consisted of 60 mothers who gave birth to children without CL±P. 
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Their demographic data are presented in Figures 7 and 8.  

From the total number of mothers 35% thought that the percentage of birth defects in the 

US general population is 6-10%, 25% answered that it is 1-5%, 25% reported it is 11-

15%, 13.3% of the mothers thought it is >16% and 1.7% thought that the percentage is 

zero.  25% of the controls answered this question correctly (Figure 9).  

Acetaminophen, famotidine, Insulin and folic acid were correctly considered “safe” in 

pregnancy by the majority of the control group mothers, whereas the risk of the rest of 

the medications was overestimated. For acetaminophen, 78.3% of the mothers estimated 

rightly the safety of the drug. Penicillin was evaluated correctly as “safe” by 41.7%, 

“may not be safe” by 40% and 15% categorized it as “not safe” in pregnancy. For 

ranitidine, 41.7% of the controls estimated its risk accurately while 18.3% thought it is 

not safe in gestation. Methyldopa was not known by 48.3% of the control mothers; 21.7% 

of the ones who evaluated its risk categorized it faulty as “not safe”. Famotidine’s safety 

risk was assessed correctly by 54.5% of the mothers who were familiar with the drug. 

Insulin was also considered safe by the majority (60.8%) of the controls that were 

familiar with the hormone. Folic acid was correctly estimated as “safe” by 81.6% while 

the safety of aspartame could be identified by only 23.4% of the controls (Figures 32-39). 

None of the control group mothers managed to accurately estimate the risk of drugs 

belonging to the “may not be safe in pregnancy” category. For citalopram, 35% of the 

mothers overestimated its risk and 31.7% were able to correctly identify it. Nifedipine 

was not known by 48.3% of the controls and 21.7% of the rest could accurately assess its 

risk in pregnancy. Fluoxetine was classified as “not” safe” by 41.7% while escitalopram 

was also classified in the same category by 36.7% of the mothers with 30% not being 
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familiar with this drug. For lamotrigine, 48.3% were not familiar with it and 26.7% 

thought it was not safe in pregnancy (Figures 40-45). 

For isotretinoin, 25% of the cases were not familiar with the drug and 66.7% answered 

correctly that the drug is not safe in pregnancy. For phenytoin 60% were familiar with the 

drug of whom 61.2% estimated its risk correctly. Thalidomide was considered “safe” by 

18.3% of the cases, “may not be safe” by 26.7%, “not safe” by 28.3% while 26.7% were 

not familiar with the drug. Diazepam was accurately estimated as “not safe” from 70.3% 

of the controls. Captopril was known by 50% of the mothers of whom 56.7% estimated 

its risk correctly. For Paroxetine 52.2% of the controls who were familiar with the drug 

classified it rightly as “not safe”. Both smoking and alcohol were accurately considered 

“not safe” in pregnancy by 91.6% of the controls (Figures 46-53). 

The results of the control group are presented in Table 8. 

 

Comparison between groups regarding the percentage perception of birth defects in the 

US general population revealed no statistically significant difference (p=1.00, Fisher’s 

exact test). 

No statistically significant difference between groups was observed regarding the 

perception of risk for safe medications or substances (acetaminophen, ranitidine, 

methyldopa, Insulin, folic acid, aspartame). The only exception was the drug ranitidine 

where there was a statistically significant difference between groups with cleft mothers 

overestimating more the risk of the drug (p=0.009, Fisher’s exact test). 
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No statistically significant difference between groups was observed regarding the 

perception of risk for medications that may not be considered safe in pregnancy 

(citalopram, nifedipine, fluoxetine, escitalopram, lamotrigine). 

Finally, no statistically significant difference between groups was observed regarding the 

perception of risk for medications or substances that were proven to be not safe in 

pregnancy (isotretinoin, thalidomide, diazepam, captopril, paroxetine, smoking, alcohol). 

The comparison results between groups are summarized in Table 9. 

 

 

5. DISCUSSION 

 

Drug treatment during pregnancy presents a special concern due to potential teratogenic 

effects of some medications and the fetus as an “additional” patient demands the proper 

pharmacotherapeutic approach. However, avoidance of treatment during gestation is not 

possible and could also be harmful for the mother especially if there is a medical 

condition that requires ongoing treatment. On the other hand, risk perception of 

medication use in pregnancy leads many women to avoid drugs that are proven to be 

“safe” depriving themselves of the benefits of these medications. 

The present two-part study had as a goal to firstly try to identify a preliminary association 

between antihypertensive medications in pregnancy and the development of CL±P and 

secondly try to identify if the perception of risk for medication use in pregnancy is higher 

among mothers who gave birth to children with this malformation. Both of these aims 

have never been explored in the literature in the past. 
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Regarding the first part of the study, only 4 out of 138 women in both groups were 

identified as suffering from chronic hypertension; 1 belonged to the case and 3 to the 

control group. However, only one woman from the control group was under 

antihypertensive treatment (labetalol) during the first trimester of pregnancy. Labetalol42 

is a peripherally acting adrenergic receptor antagonist that belongs to pregnancy category 

C (Table 3) and is commonly used in pregnancy. Our findings for the first part of the 

study were not enough to draw any statistically significant conclusions about a possible 

association between antihypertensive treatment and CL±P; this could be a result of either 

a lack of any association between the two factors, or a result of a small sample size in our 

study. However, the first option seems more possible, due to the lack of previous reports 

in the literature about such an association and the multifactorial character of the 

malformation.  

In the first part of the study many drugs that were previously reported in the literature as 

contributing factors in the development of CL±P were identified. Anticonvulsant 

medications were found to be administered in 2 women and steroids were found in 6 

medical charts in both groups. However, the samples were too small to observe 

significance between groups in contrast to findings of current literature that present an 

association between anticonvulsant and steroidal treatment and the development of 

CL±P12,13,17,18. Conversely, antiasthmatic treatment during pregnancy showed a 

“protective” effect towards the development of CL±P; 7 mothers of the control group 

versus zero mothers in the case group were under asthma medications (p=0.013). These 

findings do not agree with other literature reports that support a significant association 

between maternal bronchodilator use and the risk of cleft lip only66. In addition, Murphy 
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et al67 demonstrated a small increased risk of neonatal complications among pregnant 

women with asthma, with CL±P being among these complications. Consequently, our 

finding might reflect a chance association that needs to be validated in future studies. 

Smoking and alcohol were reported to be used by both groups at almost the same amount, 

so no significance was identified either. Maternal tobacco consumption is considered as a 

risk factor for nonsyndromic oral clefts. However, this risk is reported to be moderate and 

may be modulated by genetic susceptibilities involved in the metabolic pathways of 

tobacco smoke compounds68,69. Maternal alcohol use in pregnancy is a known cause of 

birth defects associated with fetal alcohol syndrome, but its role in the development of 

CL±P is not totally understood. According to studies, alcohol use might be a cause of 

isolated cleft lip with or without cleft palate, while no significant association was found 

for cleft palate alone70. In addition, alcohol consumption and clefting might be influenced 

by other factors such as folic acid intake during pregnancy or the type of beverage 

consumed71. 

Parental age has been reported as a contributing factor for orofacial clefting. Mothers 

between 35-39 years of age have 20% higher possibility of delivering a child with the 

defect comparing to those between 20-29 years of age and the chance is increased with 

increased age. In addition, fathers 40 years of age or older have 58% higher possibility of 

having a child with the defect comparing to those aged between 20-39 years72. The 

majority of women in our study gave birth between the age of 21-30 years old. 16% of 

the mothers who gave birth to children with CL±P were 36 years old or older at delivery 

versus 10% of the controls; however this difference was not found statistically 

significant. Paternal age was not evaluated in the study. 
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Regarding the second part of the study, the aim was to assess risk perception of 

medication used in pregnancy in women who gave birth to children with CL±P. 

According to our findings, the majority of women in both case and control groups were 

not able to perceive correctly the percentage of the malformation risk in the general 

population being 1-5%. Instead, they evaluated the malformation risk on the range 

between 6-10% while 23% from the cases and 25% from the controls assessed the risk 

even higher (10-15%). This finding is contrary to previously reported finding of accurate 

estimation of the baseline risk73.  

The perception of risk of non-teratogenic drugs/substances was excessively high in both 

groups. The case group could identify accurately the safety of acetaminophen and folic 

acid only, whereas drugs/substances such as penicillin, insulin and aspartame were 

considered “may not be safe” or “not safe” during pregnancy. Conversely, controls could 

rightly identify as “safe” more medications. However, the difference between groups was 

not found statistically significant.  

None of the groups managed to identify correctly drugs that belonged to “may not be safe 

during pregnancy” category with both groups overestimating the risk of these 

medications. In addition, both groups managed to correctly identify the risk of all “not 

safe” medications with the exception of thalidomide from the control group who 

underestimated the teratogenic risk of this drug. This underestimation of the risk could be 

due to the ignorance of the thalidomide disaster in the past and the description of this 

drug as “anti-nausea” medication that could lead women evaluate it as less dangerous in 

pregnancy.  Interestingly, even if both groups accurately estimated the risk of “not safe in 
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pregnancy” medications, the control group contrary to the case group did categorize 

many of these drugs in the “safe” category. However, the results between groups were 

not significant. In addition, the right assessment of risk in both groups in this case might 

be due to the general overestimation of the baseline risk, leading both groups to answer 

correctly just because they are very cautious with medication use in general. 

Famotidine was the only drug where a statistically significant difference was detected 

between groups (p=0.009, Figure 54). The case group overestimated the risk of this 

antacid medication while the control correctly assessed its safety during pregnancy. 

However, this is believed to be a random finding. 

Social factors such as educational level did not seem to play a role for a better risk 

estimation. There is conflicting information on this issue in the literature with studies that 

report that a higher level of education leads to a more positive belief towards medication 

use in pregnancy74 and others, which show that a higher educational level was associated 

with a higher risk perception73. 

The results of this part of the study confirm that women overestimate the risk of drugs 

and other substances during pregnancy and there is need for improved edication and 

prenatal counseling in this area. Risk perception may affect medication use in pregnancy 

potentially leading to serious problems. Reluctance to take a safe antibiotic or an antacid 

medication may lead to poor compliance to a medically-necessary treatment course and 

unnecessary suffering for the mother and also the child. 

Action needs to be taken in order to make teratology information available to the public. 

This can be facilitated through sources that have an immediate contact with pregnant 
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women such as health care providers and the Internet. Such actions will reduce anxiety 

and promote a safer and more rational use of medications during pregnancy. 

 

Limitations of the 2 parts of the study: 

Both Part I and Part II consisted of small sample sizes. Therefore, the results need to be 

validated in large epidemiological studies. 

In addition, limitations for both parts occur from the multifactorial etiology of CL±P 

itself as difficulty in controlling for confounders may increase the possibility of random 

findings (i.e. antiasthmatic “protective” effect, famotidine significant association). 

 

6. CONCLUSIONS 

 

• There seems to be no association between antihypertensive medication in 

pregnancy and the risk for orofacial clefting. 

• Women who gave birth to children with CL±P tend to overestimate the risk of 

non-teratogenic drugs or other exposures in pregnancy, but no statistically 

significant association was detected between case-control groups. 
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LIST OF TABLES  
 
Table 1. Reporting Odds Ratio definition 
 

 Suspected Event All other events 

Suspected drug A B 

All other drugs C D 

Reporting Odds Ratio (ROR) A/C/B/D 

 
 
Table 2. Antihypertensive medication in FDA Medwatch Adverse-Effect Reporting 
Database  

	
  
Brand Name Generic Name Type of Drug Defect Frequency ROR CI 

Adalat Nifedipine Calcium channel blocker CL 3 83.44 [26.65,261.32] 

Cosopt 
Dorzolamide 
hydrochloride-
Timolol maleate 

Eye drop  CP 3 69.81 [22.37,217.85] 

Norvasc Amlodipine 
Besylate Calcium channel blocker CL+P 1 26.38 [3.69,188.44] 

Cardizem Diltiazem 
Hydrochloride Calcium channel blocker CL 1 22.34 [3.13,159.49] 

Cozaar Losartan 
Potassium 

Angiotensin II receptor 
antagonists CL+P 3 17.26 [5.51,54.04] 

Lopressor Metoprolol 
Tatrate Beta receptor blocker  CP 1 7.32 [1.03,52.15] 

CL=Cleft lip, CP=Cleft palate, CL+P=Cleft lip and palate, CI=Confidence interval 
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Table 3. Pregnancy Category Index and safety categories respectively 
 Table 1. Pregnancy Category Index and safety categories of the study respectively 
 

Pregnancy Category A 

"Safe" 

Adequate and well-controlled human studies have failed to demonstrate a risk to the fetus 
in the first trimester of pregnancy. 

Pregnancy Category B 
Animal reproduction studies have failed to demonstrate a risk to the fetus and there are no 
adequate and well-controlled studies in pregnant women OR Animal studies have shown 
an adverse effect, but adequate and well-controlled studies in pregnant women have failed 
to demonstrate a risk to the fetus in any trimester. 

Pregnancy Category C "May not be safe" 
Animal reproduction studies have shown an adverse effect on the fetus and there are no 
adequate and well-controlled studies in humans, but potential benefits may warrant use of 
the drug in pregnant women despite potential risks. 

Pregnancy Category D 

"Not safe" 

There is positive evidence of human fetal risk based on adverse reaction data from 
investigational or marketing experience or studies in humans, but potential benefits may 
warrant use of the drug in pregnant women despite potential risks. 

Pregnancy Category X 
Studies in animals or humans have demonstrated fetal abnormalities and/or there is 
positive evidence of human fetal risk based on adverse reaction data from investigational 
or marketing experience, and the risks involved in use of the drug in pregnant women 
clearly outweigh potential benefits. 

  
 
 
 
Table 4. Health history of presence of disease/syndrome in case and control groups 
 

Disease/syndrome Case.group.(n) Case.group.(%) Control.group.(n) Control.group.(%) P.value

Epilepsy 2 2.9 1 1.4 1
Asthma 1 1.4 7 10.1 0.062
Depression 2 2.9 5 7.2 0.441
Anemia 2 2.9 4 5.7 0.681
Hypothyroidism 3 4.3 3 4.3 1
Hypertension 1 1.4 3 4.3 0.619
Diabetes 2 2.9 3 4.3 1
Syndrome@associated@with@cleft 4 5.7 0 0 0.487  
 
 
Table 5. History of medication/substance use in pregnancy between case and control 
groups 
 
Drugs/substance Case.group.(n) Case.group(%) Control.group.(n) Control.group(%) P.value

Antiepileptic 1 1.4 1 1.4 1
Antiasthmatic 0 0 7 10.1 0.013
Antidepressive 2 2.9 3 4.4 1
Thyroid 3 4.4 3 4.4 1
Antihypertensive 0 0 1 1.4 1
Antidiabetic 1 1.4 2 2.9 1
Steroids 3 4.4 3 4.4 1
Opioids 2 2.9 2 2.9 1
Drug.abuse 2 2.9 0 0 0.245
OTC 13 18.8 7 10.1 0.154
Vitamins 33 47.8 29 42 0.494
Alcohol 2 2.9 1 1.4 0.617
Smoking 8 11.6 8 11.6 1  
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Table 6. Comparison of antiasthmatic medication use in pregnancy between groups 
 

Yes No
Case(group 0 69 69
Control(group 7 62 69
Total 7 131 138

Antiasthmatic(medication TotalGroups P

0.013

 
 
Table 7. Risk perception on medication use during pregnancy among mothers in the 
case group 
 
 

Risk Drugs Safe-(n)

Tylenol 19

Penicillin 7

Zantac 10

Aldomet 0

Pepcid 6

Insulin 13

Folic;acid 25

Aspartame 6

Celexa 0

Adalat 0

Prozac 0

Lexapro 0

Lamictal 1

Accutane 1

Dilantin 0

Thalomid 2

Valium 0

Capoten 0

Paxil 0

Smoking 0

Alcohol 0

CASES-(N=30)

Safe;during;

pregnancy

May;not;be;

safe;during;

pregnancy

Not;safe;

during;

pregnancy

May-not-be-safe-(n)

4

15

9

6

13

10

2

14

9

7

9

10

8

5

5

6

11

5

10

0

2

CASES-(N=30)

Not-safe-(n)

7

8

8

12

8

5

3

7

15

13

16

13

12

13

10

14

14

10

13

30

28

CASES-(N=30)
Not-familiar-with-the-
drug/substance-(n)

0

0

3

12

3

2

0

3

6

10

5

7

9

11

15

8

5

15

7

0

0

CASES-(N=30)
Total-
Sample Right-answer-(%) Wrong-answer-(%)

30 63.4 36.6

30 23.3 76.7

30 37.0 63.0

30 0.0 100.0

30 22.2 77.8

30 46.4 53.6

30 83.3 16.7

30 22.2 77.8

30 37.5 62.5

30 35.1 64.9

30 36.0 64.0

30 43.5 56.5

30 38.1 61.9

30 68.4 31.6

30 66.6 33.4

30 63.6 36.4

30 56.0 44.0

30 66.6 33.4

30 56.5 43.5

30 100.0 0.0

30 93.3 6.7

CASES-(N=30)

 
 
 
Table 8. Risk perception on medication use during pregnancy among mothers in the 
control group 
 

Risk Drugs Safe-(n)

Tylenol 47

Penicillin 25

Zantac 25

Aldomet 5

Pepcid 30

Insulin 31

Folic<acid 49

Aspartame 14

Celexa 3

Adalat 5

Prozac 5

Lexapro 3

Lamictal 1

Accutane 2

Dilantin 1

Thalomid 11

Valium 3

Capoten 1

Paxil 5

Smoking 1

Alcohol 2

Safe<during<

pregnancy

May<not<be<

safe<during<

pregnancy

Not<safe<

during<

pregnancy

CONTROLS-(N=60)

May-not-be-safe-(n)

9

24

16

13

16

12

7

21

19

13

22

17

14

13

13

16

13

12

17

4

3

CONTROLS-(N=60)

Not-safe-(n)

4

9

11

13

9

8

1

14

21

13

25

22

16

30

22

17

38

17

24

55

54

CONTROLS-(N=60)

Not-familiar-(n)

0

2

8

29

5

9

3

11

17

29

8

18

29

15

24

16

6

30

14

0

1

CONTROLS-(N=60)

Sample-Size-(N) Right-answer-(%) Wrong-answer-(%)

60 78.3 21.7

60 43.1 56.9

60 48.1 51.9

60 16.1 83.9

60 54.5 45.5

60 60.8 39.2

60 85.9 14.1

60 28.6 71.4

60 44.2 55.8

60 42.0 58.0

60 42.3 57.7

60 40.4 59.6

60 45.1 54.9

60 66.7 33.3

60 61.2 38.8

60 38.6 61.4

60 70.3 29.7

60 56.6 43.4

60 52.2 47.8

60 91.6 8.4

60 91.6 8.4

CONTROLS-(N=60)
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Table 9. Comparison of perception of risk on medication use during pregnancy 
between case and control group 

Tylenol
Penicillin
Zantac
Aldomet
Pepcid
Insulin
Folic5acid
Aspartame
Celexa
Adalat
Prozac
Lexapro
Lamictal
Accutane
Dilantin
Thalomid
Valium
Capoten
Paxil
Smoking
Alcohol

Drugs/substances Correct5assessment5of5risk
Cases,5%
63.4
23.3
37.0
0.0
22.2
46.4
83.3
22.2
37.5
35.1
36.0
43.5
38.1
68.4
66.6
63.6
56.0
66.6
56.5
100.0
93.3

Correct5assessment5of5risk
Controls,5%

78.3 0.139
43.1 0.101
48.1 0.474
16.1 0.143
54.5 0.009
60.8 0.477
85.9 0.759
28.6 0.598
44.2 0.617
42.0 0.771
42.3 0.629
40.4 1
45.1 0.776
66.7 1
61.2 0.761
38.6 0.07
70.3 0.308
56.6 0.748
52.2 0.801
91.6 0.165
91.6 1

PCorrect5assessment5of5risk
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Figure 45. 
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Figure 47. 
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Figure 49. 
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Figure 51. 
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Figure 53. 
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Questionnaire: 

QUESTIONNAIRE 
 
 
1. What is your age? ____________________________________________ 

 
 

2.  Please specify your race. 
 
 Hispanic or Latino     [  ] 

American Indian or Alaska Native   [  ] 
Asian       [  ] 
Black or African American     [  ] 
Native Hawaiian or Other Pacific Islander  [  ] 
White       [  ] 
 
 

3. What is the highest degree or level of school you have completed?  
 

Elementary school        [  ] 
Middle school        [  ] 
High school         [  ] 
College degree        [  ] 
Graduate degree        [  ] 

 
 
4.  Do you have a child with cleft lip and/or palate? 
 
 Yes [  ] 
 No [  ] 
 
 
5. In the United States, what percentage of infants do you think are born with a birth 

defect? 
 
 0%  [  ] 
 1-5%  [  ] 
 6-10%  [  ] 
 11-15% [  ] 
 ≥16%  [  ] 
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6.  Please evaluate (✓) the risk of the following substances or drugs causing 
a defect if taken during pregnancy. 

 
  

Drug/substance Type of 
drug/substance 

Safe 
during 

pregnancy 

May not be 
safe during 
pregnancy 

Not safe 
during 

pregnancy 

Not familiar 
with the 

drug/substance 
Tylenol (acetaminophen) pain reliever         
Accutane (isotretinoin) anti-acne         
Penicillin antibiotic         
Zantac (ranitidine) antacid         
Dilantin (phenytoin) anti-epileptic         
Celexa (citalopram) anti-depressant         
Adalat/Procardia (nifedipine) anti-hypertensive         
Prozac (fluoxetine) antidepressant         
Smoking cigarettes -         
Thalomid (thalidomide) anti-nausea         
Aldomet/Aldoril/Dopamet 
(methyldopa) 

anti-hypertensive         

Valium (diazepam) anti-anxiety         
Lexapro (escitalopram) antidepressant         
Capoten (captopril) anti-hypertensive         
Alcoholic drink -         
Pepcid (famotidine) antacid         
Aspartame artificial 

sweetener 
        

Insulin hormone         
Lamictal (lamotrigine) anti-epileptic     
Folic acid vitamin     
Paxil (paroxetine) anti-depressant     

 
 

7. Do you remember taking any of the above substances or drugs during 
pregnancy? 

 
 Yes [  ] Please specify__________________________________ 
 No [  ] 
 
 
8.  Do you remember taking any other substances or drugs other than the 

above mentioned during pregnancy?  
 
 Yes [  ] Please specify__________________________________ 
 No [  ] 

 


