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1. Introduction The Centers for Disease Control and Prevention recently developed the United States Medical Eligibility Criteria (MEC) for Contraceptive Use [1], an adaptation of the World Health Organization's (WHO) evidence-based MEC guidance [2] regarding the safety of contraceptive methods for women with specific characteristics and medical conditions. For the majority of conditions covered by the MEC, at least one highly effective contraceptive method is classified as a “1” or “2,” indicating no restriction for use or that the advantages of use generally outweigh any theoretical or proven risks, demonstrating that contraception is remarkably safe for most women. Access to safe and effective contraception is critical for women with underlying medical conditions, as they may face heightened risks in pregnancy. However, despite the significance of this guidance for medical and public health knowledge and for the well-being of reproductive-age women, for some of the safety concerns, there is limited or no direct evidence in the published literature on which to base contraceptive guidance. For example, no studies were identified that examined contraceptive safety for women with a history of peripartum cardiomyopathy (PPCM) [3]. Instead, the systematic review of PPCM considered indirect evidence, including studies on other cardiac outcomes, to inform the
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recommendations for contraceptive use among these women. For other recommendations in the MEC, even though a body of evidence exists, further research is needed to adequately address outstanding safety concerns. For example, research on the safety of intrauterine device (IUD) use and risk of expulsion among women with uterine fibroids consists only of non-comparative studies; therefore, the extent to which reported outcomes are attributable to IUD use is unknown [4]. Absence of evidence regarding contraceptive safety may be equated by women or their providers with absence of safety and lead to use of less effective methods. Alternatively, absence of evidence may be equated with absence of risk, resulting in use of methods which may potentially place these women at increased risk of adverse events or complications. In each of the expert working group meetings to update the WHO MEC (most recently held in April 2008, Geneva, Switzerland) and to adapt the guidance for the US MEC (February 2009, Atlanta, GA, USA), research gaps were identified for the contraceptive recommendations addressed; such identification of gaps is a critical component of evidence-based guideline development [5]. Our aim in this article is to stimulate research to address these gaps so that more women have access to the most appropriate contraceptive methods, based on safety and effectiveness, for their particular condition and characteristics. To illustrate, we highlight three conditions for which further research on contraception is needed: contraception for obese women, contraception for women who are breastfeeding and contraception for women with HIV infection or AIDS. For each condition, we discuss some of the methodological issues inherent in contraceptive research that can be especially challenging for studies examining the additional
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Table 1 Research gaps identified in development of the Medical Eligibility Criteria for Contraceptive Use by the World Health Organization and the Centers for Disease Control and Prevention Condition



Unanswered research questions



Age



1. What is the impact of long-term (N2 years) DMPA use on bone mineral density, and does this vary by race or ethnicity? 2. What is the impact of DMPA use among peri-menopausal women on the risk of fracture post-menopause? Breastfeeding 1. What standard definitions should be used and relevant clinical outcomes should be considered to evaluate infant health and breastfeeding? 2. What are the effects of maternal use of combined hormonal contraceptives and progestin-only contraceptives on infant health and breastfeeding performance when contraception is initiated less than 6 weeks postpartum, particularly immediately postpartum? 3. How does the infant metabolize progestins and what are the serum levels of progestin-only contraceptives and their active metabolites in breast-fed infants, particularly early in the neonatal period when metabolic capabilities are developing? 4. To what extent is the neonatal brain exposed to progestins or biologically active metabolites of progestins consumed through breast milk? 5. Are there differences in the safety of contraception among women who are fully or partially breastfeeding? Postpartum 1. Does timing of postpartum insertion of the copper or LNG-IUD affect expulsion rates? 2. Do expulsion rates differ by delivery type (C-section or vaginal delivery)? 3. Is IUD insertion within 10 min of delivery clinically feasible? 1. Does the risk of VTE associated with use of CHC increase among obese women as BMI increases? Obesity (BMI ≥30 kg/m2) 2. Are CHCs less effective among obese women than among women with lower body weight or BMI? Hypertension 1. Does use of CHCs among women with controlled hypertension increase the risk of cardiovascular events? 2. Does use of CHCs among women with pre-hypertension increase the risk of cardiovascular events? DVT/pulmonary embolism 1. Does use of progestin-only contraceptives increase the risk of VTE? 2. How many weeks before major surgery that may result in immobilization should users of CHC cease use? Depressive disorders 1. Does use of hormonal contraceptives exacerbate depressive disorders, including postpartum depression? Cervical intraepithelial 1. Does use of hormonal contraceptives affect acquisition of HPV? neoplasia (CIN) 2. Does use of hormonal contraceptives affect progression to CIN or cervical cancer among women with persistent HPV infection? Uterine fibroids 1. Does the presence of uterine fibroids increase the likelihood of IUD expulsion and, if so, does this vary by size and type of uterine fibroid, or the extent of uterine distortion? HIV/AIDS 1. Does use of hormonal contraception increase the risk of HIV acquisition, and does this vary by age? 2. Does use of hormonal contraception or IUDs among women with HIV/AIDS affect disease progression or transmission, and does this vary by stage of disease or the presence/absence of STI coinfection? Inflammatory bowel disease 1. Does use of CHC among women with IBD increase the risk of venous thromboembolism? (IBD) 2. Does use of DMPA among women with IBD increase the risk of fracture? 3. Does malabsorption due to IBD reduce the effectiveness of COCs and POPs? Peripartum cardiomyopathy (PPCM) 1. Does use of CHC among women with PPCM increase the risk of VTE or other cardiovascular events? Rheumatoid arthritis (RA) 1. Does use of DMPA among women with RA increase the risk of fracture, and does this differ between those who are and those who are not on immunosuppressive therapy? 2. Are women who have RA and are on immunosuppressive therapy at increased risk of infection associated with IUD insertion? 3. Is the increased risk of cardiovascular events among women with RA further increased with use of CHC? Solid organ transplant 1. Is the increased risk of fracture among women with liver transplant further increased with use of DMPA? Drug interactions: antiretroviral, 1. Does use of these drugs affect the effectiveness or toxicity of hormonal contraceptives? anticonvulsant, and antimicrobial 2. Does use of hormonal contraceptives affect the effectiveness or toxicity of these drugs? therapy (antimalarials, rifampicin)



risks that particular contraceptive methods may present among women with underlying medical conditions. The conditions we discuss are only three of several conditions for which research gaps were identified by experts participating in the working group meetings; other identified research gaps are listed in Table 1.



2. Contraception for obese women Obesity is epidemic worldwide, with more than one billion adults overweight [body mass index (BMI) ≥25 kg/m2] and at least 300 million clinically obese [BMI ≥30 kg/m2]



(WHO fact sheet, Obesity and Overweight, www.who.int/ dietphysicalactivity/media/en/gsfs_obesity.pdf, accessed Dec 9, 2009). In the US, recent data from the National Health and Nutrition Examination Survey indicated that more than 34% of non-pregnant females ages 20–39 years were obese [6]; among females ages 12–19 years, the prevalence of obesity (defined as BMI for age ≥95th percentile) was almost 17% [7]. Obese women are at increased risk of pregnancy-related complications, including pre-eclampsia, gestational diabetes, spontaneous abortion, venous thromboembolic disease, pregnancy-induced hypertension and cesarean delivery [8–10]. Optimally, obese women will adapt behaviors and receive guidance from health care practitioners to reduce their
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weight prior to pregnancy [11]. However, given the epidemics of both obesity and unintended pregnancies, with the latter representing about 49% of all pregnancies in the United States [12], access to safe and highly effective contraception to prevent unintended pregnancy among obese women is of tremendous importance. To improve access, theoretical concerns regarding some of the more effective and longer lasting contraceptive methods for obese women need to be resolved. Perhaps the most significant research gap due to the potential sequelae and life-threatening nature of the condition concerns venous thromboembolism (VTE). Both obesity and use of combined oral contraceptive pills (COCs), including COCs with lower estrogen doses, are independent risk factors for VTE. An analysis of 20 years of data from the National Hospital Discharge Survey found obese female patients younger than 40 years of age to have a six-fold increased risk of deep vein thrombosis (DVT) relative to those who were not obese (RR 6.10, 95% CI 6.04–6.17) [13]. The increased risk of VTE associated with use of lowdose COCs has been estimated to be about two- to four-fold [14], and while research on the risk of VTE associated with use of other types of combined hormonal contraceptives (CHCs) is scant, they are generally thought to result in a similarly increased risk [15,16]. However, the absolute risk of VTE in women of reproductive age is low (about 3–10 per 10,000 women-years) [14,17], and thus, even these increased relative risks would not lead to large absolute risks in this age group. Although a meta-analysis from the UK suggested that, among COC users, the effect of obesity on VTE risk may increase with increasing BMI [18], few studies have assessed the combined effect of obesity and COC use, and whether the risk of VTE associated with COC use increases with increasing levels of obesity is unknown. Trussell et al. [19] examined data from four studies which assessed a possible difference in VTE risk due to COC use within varying categories of BMI, although the range of categories was limited to b25 , 25–29 and ≥30 kg/m2. Results from two of the four studies suggested that the effect of COC use on VTE may be greater among obese women than among women of lower BMI, although there was no statistical evidence of significant differences in risk estimates across BMI categories. The WHO MEC and the US adaptation classify use of CHCs among obese women (BMI ≥30 kg/m2) as a ‘2’, indicating that the advantage of use usually outweighs the theoretical or proven risks [1,2]. And while the United Kingdom's adaptation of the WHO MEC similarly classify use of CHCs among women with a BMI≥30-34 kg/m2 as a ‘2’, CHC use is classified as a category 3 condition for women with a BMI≥35 kg/m2, indicating that the risks associated with CHC use generally outweigh the advantages of use [20]. From the evidence, it is clear that obese COC users have an increased risk of VTE compared to obese women who do not use COCs. However, research is needed to determine whether the risk associated with use of COCs and other CHCs among
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obese women increases further at higher levels of obesity. Such research will require an adequate sample size of women with different BMI levels, extending from normal body size and weight ranges to BMI ≥40 kg/m2. Baseline estimates for VTE risk among obese women by BMI level are also needed to help elucidate the extent to which VTE risk increases with increasing obesity levels irrespective of CHC use. Because VTE can be asymptomatic or exhibit severe and lifethreatening symptoms [17], the approach and intensity for identifying and monitoring cases is important. To reduce the possible impact of referral or diagnostic bias in studies examining the association between hormonal contraceptive use and VTE risk, identification and enrollment of women with VTE should be made without knowledge of contraceptive exposure status. Other considerations include the need for an objective measure of BMI obtained just prior to initiation of hormonal contraceptive use and during use as opposed to estimates based on self-report, accurate measure of the initiation and duration of use, and exclusion of women with or an approach for identifying and adequately controlling for other VTE risk factors, such as recent surgery, recent injury or trauma, recent prolonged bed rest or prior VTE. Because the risk of VTE may vary by estrogen dose and progestin type [14], additional studies are also needed that permit accurate risk estimates by type of formulation. A second issue for which further research is needed is the question of whether obesity or high body weight impairs the effectiveness of hormonal contraceptives. Proposed mechanisms for reduced effectiveness of hormonal contraceptives in obese women include dilution of the hormonal concentration due to a higher volume of circulating blood; sequestration of the steroidal components by fat cells, thereby reducing steroidal activity; and the possibility that steroids are metabolized differently in obese women [21,22]. Results of studies investigating the extent to which obesity is associated with failure of hormonal contraceptives are inconclusive. In a recent commentary, Trussell et al. [23] reported on eight published studies examining the effect of body weight or BMI on apparent contraceptive pill failure. Two of the studies found oral contraceptive users with higher body weight or BMI to be at increased risk of pregnancy relative to women of normal body mass, while the other six studies, including two clinical trials, did not. Burkman et al. [24] recently reported on a post hoc retrospective analysis of data originally collected in a large randomized trial of two lowdose COCs. Burkman's analysis was conducted to assess the association between the efficacy of either or both formulation(s) and body weight or BMI. Although consistently elevated relative risk estimates for pregnancy suggested the possibility of a reduction in efficacy of both formulations among women of higher body weight or BMI, overall, the findings were not statistically significant. It must be noted, however, that the upper limit of BMI for study inclusion was only 32.4 kg/m2, and the median BMI among participants was 23 kg/m2 (range 15.9 – 47.6 kg/ m2). Finally, in a pooled analysis of data from three efficacy trials of the
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contraceptive patch, Ziemen et al. [25] found contraceptive failures to be more likely among women with a baseline body weight of 90 kg (198 lb) or greater, although women of this weight made up less than 3% of the study population. Limitations of the studies conducted to date to investigate the effect of body weight or BMI on the effectiveness of hormonal contraceptives include inadequate sample sizes of obese women; lack of recent body weight measurement prior to pregnancy onset; failure to control for duration of COC use; use of self-reported body weight, height and contraceptive use and failure; and assessment of contraceptive failure through live births only. To determine whether high body weight or obesity affects hormonal contraceptive effectiveness, studies need sufficient statistical power to assess this within different categories of obesity. As has been suggested [23,24], an adequately powered, randomized, clinical trial may be necessary to draw definitive conclusions. Additional well-designed observational studies that address the limitations noted in prior studies can also provide further insight.



3. Hormonal contraception during breastfeeding Contraception for women who are breastfeeding is a complicated but critically important consideration. During the postpartum period, effective contraception can help prevent unintended pregnancy and ensure adequate birth spacing, thereby preventing the adverse maternal and infant outcomes associated with short interpregnancy intervals, such as low birthweight, preterm birth and small for gestational age classification [26]. In addition, breastfeeding has health benefits for both the infant and the mother. Benefits for the infant may include reductions in risk for otitis media, gastroenteritis, severe lower respiratory tract infections, atopic dermatitis, asthma, diabetes, obesity and sudden infant death syndrome [27]. Benefits for the mother may include reductions in risk of type 2 diabetes, ovarian cancer and breast cancer [27]. For women who are breastfeeding, contraceptive method choice may have implications both for infant health and for breastfeeding success. Therefore, consideration of contraceptive methods must assess the impact of the method on both of these vital outcomes. Two systematic reviews in this issue of Contraception address the safety of contraceptive methods in women who are breastfeeding; one examines progestin-only methods and one examines COCs [28,29]. Both systematic reviews included primary reports of breastfeeding women using contraceptives and examined clinical outcomes such as infant health and breastfeeding performance. A systematic review of randomized clinical trials regarding hormonal contraception during breastfeeding has been previously published [30]. With respect to effects on infant health, many studies have examined the use of hormonal methods of contraception among breastfeeding women. These studies have used multiple outcome measures, including infant weight, infant length, physical findings, health problems and psychomotor



development. Studies that have examined the use of progestin-only methods of contraception, including progestin-only pills (POPs), depot medroxyprogesterone acetate (DMPA), implants or levonorgestrel-releasing (LNG) IUDs, have not found adverse effects on infant growth, health or development through 6 years of age. In addition, studies examining COC use among breastfeeding women have not found any adverse infant outcomes through 8 years of age. With respect to effects on breastfeeding, studies examining the use of progestin-only methods have generally found no effects on multiple measures of breastfeeding performance, including initiation, maintenance, duration of lactation and need for supplementation. Several studies have examined the use of COCs among breastfeeding women and reported inconsistent effects on breastfeeding performance. Some studies reported decreased duration of breastfeeding and higher rates of supplemental feedings, while others did not. While the evidence has been fairly consistent, there are several methodologic limitations that make it difficult to draw conclusions from these studies. Results from the randomized clinical trials were limited by unclear randomization procedures and high rates of loss to follow-up. Most of the studies have been observational in design, lacked clear definitions of breastfeeding patterns, and have not consistently examined clinically important developmental outcomes among infants. Very few studies have examined initiation of contraceptives within 6 weeks postpartum and particularly immediately postpartum, which is widely practiced and may represent a logistically important timeframe for initiating contraception. Studies often did not control for confounding factors, which may obscure important differences between women who choose to use hormonal contraceptive methods and those who choose different methods. In addition, studies did not include ill or premature infants, who might gain the most benefit from breastfeeding. Further studies regarding infant outcomes are needed, including outcomes among ill or premature infants, in women who breastfeed and use hormonal contraception. Studies should examine the effects on infant health and development when contraceptives are initiated within 6 weeks postpartum, particularly immediately postpartum. Very little information is available on the effect of hormones on the developing infant brain, and long-term follow-up is needed to assess the full impact of these early exposures. In addition, it is unclear which infant health and development outcomes are most appropriate to measure; work needs to be done to clarify the most relevant outcomes and how to measure them. Further studies are also needed to examine the effect of hormonal contraceptives on breastfeeding. Efforts should be made to develop standardized definitions of breastfeeding and to identify the most relevant clinical indicators and outcomes of breastfeeding performance. Future studies should examine the effect of hormonal contraceptive use
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on breastfeeding performance when contraceptives are initiated within 6 weeks postpartum and particularly immediately postpartum. While additional studies are needed to further elucidate the effects of COCs, POPs, DMPA, etonogestrel implants and the LNG-IUD on breastfeeding, studies are also needed to examine more recently introduced methods, such as the contraceptive patch and ring. Studies that help identify the optimal timing for initiation of all of these methods would be of great value.



4. Contraception for women with HIV infection or AIDS Access to highly effective contraceptive methods is critical for women with HIV in order to prevent unintended pregnancy, which is a primary strategy for preventing maternal to child transmission of HIV [31]. However, theoretical concerns exist regarding whether certain contraceptive methods may affect HIV disease progression, increase risk of other adverse effects or increase the risk of HIV transmission to uninfected partners. There is also the potential for drug interactions between hormonal methods of contraception and antiretroviral therapy (ART). While there is a growing body of evidence on these topics, there are still many unanswered questions. Most studies suggest no increased risk of HIV disease progression with hormonal contraceptive use, when examining changes in CD4 cell count, viral load or survival [32]; however, the only randomized clinical trial (RCT) conducted on this issue suggests an increased risk of disease progression or death for hormonal contraceptive users compared with copper intrauterine device (IUD) users [33]. Studies have not shown any effect of contraceptive methods on risk of other adverse events, such as increased blood pressure, uterine bleeding and pelvic inflammatory disease [32]. While studies have not shown any direct associations between contraceptive use and HIV transmission to uninfected partners, it is unclear whether hormonal contraceptive use affects HIV DNA or RNA shedding from the genital tract [32]. Finally, evidence primarily from pharmacokinetic studies of hormonal contraceptives and antiretroviral therapies show large decreases in contraceptive steroid levels with ritonavir-boosted protease inhibitors, with the potential to compromise contraceptive effectiveness; smaller decreases are seen with non-nucleoside reverse transcriptase inhibitors and the clinical significance of these interactions is not known; and no clinically significant interactions between hormonal contraceptive and nucleoside reverse transcriptase inhibitors have been reported [2]. There is an urgent need to determine whether hormonal contraceptive methods affect HIV disease progression. While the results of the RCT [33] are concerning, the large and differential amount of contraceptive method discontinuation and switching that occurred during the study raises questions about the findings, as well as whether a randomized design is the best approach for these studies.
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Overall, these studies have generally had small sample sizes, have not been able to examine concomitant ART use, and have not included severely immunocompromised women. Therefore, a key question for future studies is whether it is possible to conduct an RCT of contraceptive use that will preserve the initial allocation to contraceptive groups or whether a well-conducted observational study with carefully measured confounders is a better approach. In addition, studies need to examine or control for ART use, as well as include a broader range of women with various degrees of immunosuppression. As ART is becoming increasingly accessible around the world, it is imperative to examine whether there are drug interactions between currently used ARTs and hormonal contraceptive methods. This question is particularly challenging given the rapidly changing status of individual and combination ARTs. There are few pharmacokinetic studies examining drug interactions between hormonal contraceptive methods and ARTs, and even fewer studies examining clinical outcomes, such as ovulation, breakthrough bleeding and pregnancy. Studies on current ARTs that go beyond pharmacokinetics and include some clinically relevant outcomes are needed. In addition, studies should examine the broad range of hormonal contraceptives, including use of emergency contraceptives, and focus on several potential outcomes, including both decreased effectiveness as well as increased risk of toxicity for both the contraceptive methods and the ART.



5. Conclusion The examples discussed above involve only three of several conditions for which research gaps were identified by experts participating in the WHO and US expert working group meetings on Medical Eligibility Criteria for Contraceptive Use. We selected these three for discussion because they are each significant globally and they illustrate the importance and methodological complexities of contraceptive research. Contraception for obese women is of tremendous importance in the US, is becoming more significant globally, and related research gaps demonstrate how a lack of evidence can result in inconsistent guidance for contraceptive use. Research gaps on hormonal contraception for breastfeeding women are significant for health of the mother-infant dyad and demonstrate the need for basic standardized measures of exposure and outcome. Research gaps on contraception for women with HIV/AIDs provide an example of the complexities of study design issues for contraceptive safety, and call for discussion of the appropriate role of RCTs. The benefits of safe and highly effective methods for contraception are needed by all women who want to prevent unintended pregnancy, especially women with underlying health conditions or characteristics for whom pregnancy may present particularly elevated risks. The research gaps
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identified highlight specific needs for additional investigations on contraceptive safety and effectiveness among these women. We hope this paper will facilitate research to address these gaps, thereby enhancing future versions of the MEC and helping family planning providers and health practitioners better serve their patients and clients.
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