ANTIRETROVIRAL THERAPY AND PRETERM BIRTH IN HIV-INFECTED WOMEN
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Summary
The use of combination antiretroviral therapy (cART) for the prevention of mother to child transmission of HIV infection has achieved vertical HIV transmission rates of <1 %. The use of these drugs is not without risk to the mother and infant. Pregnant women with HIV-infection are at high risk of preterm birth (PTB <37 weeks), with 2-4 fold the risk of uninfected women. There is accumulating evidence that certain combinations are associated with higher rates of PTB that others or no antiretroviral treatment.  Understanding the pathogenesis of PTB in this group of women will be essential to target preventative strategies in the face of increasing HIV prevalence and rapidly expanding mother-to-child-transmission prevention programmes.


The use of antiretroviral therapy in pregnancy
The ability to prevent mother-to-child transmission (MTCT) of HIV-infection can be counted amongst medicine’s greatest successes. The use of antiretroviral therapy (ART) during pregnancy reduces HIV MTCT from 25-30% [1,2] to <1% in the both resource poor and rich settings [3,4]. Since the widespread introduction of combination antiretroviral therapy (> three drug classes, cART) in 1996, dramatic improvements have been observed in morbidity and mortality for people with living with HIV-infection. An adult who is diagnosed early and who initiates cART according to current guidelines can anticipate near normal life expectancy[5]. 

To date, the nucleoside analogue reverse transcriptase inhibitor (NRTI) zidovudine  (ZDV) remains the only antiretroviral therapy licensed for use in pregnancy since its efficacy for prevention of MTCT (8%) was demonstrated in the AIDS Clinical Trial Group (ACTG) 076 study compared to women who received no therapy (25%) [1]. The benefit of pre-labor caesarian section (PLCS) in addition to ZDV was shown in the European Mode of Delivery study where women who were randomized to PLCS with ZDV achieved rates of MTCT of 0.8% compared to women receiving ZDV who had a normal vaginal delivery (4.3%)[6]. With the role out of cART in 1996, increasing numbers of women have conceived on and initiated these regimens for maternal health during pregnancy. Observational data has demonstrated that cART is highly efficacious in the prevention of MTCT. From 2000-2006 UK National Surveillance data has shown that there were only three transmissions in the 2202 women (0.1%) who received cART and achieved full viral suppression (plasma HIV concentration < 50 copies/L) and there were no transmissions in women who received ZDV plus PLCS[3]. In women with fully suppressed plasma HIV, rates of MTCT were similar in women who delivered by PLCS or normal vaginal delivery (0.7% respectively)[3]. The widespread use of cART in pregnancy, whilst unlicensed, has made it possible for these women to chose their preferred mode of delivery, and more recently, in resource-limited settings, the option of breast-feeding whilst taking cART[7].  Current international and national guidelines for the management of HIV-infection in pregnancy are summarized in table 1. Antiretroviral regimen options depend on whether the mother needs cART for her own health (CD4+ cell count less than 350 cells/L) or solely requires treatment to prevent HIV MTCT. In USA and UK guidelines ZDV monotherapy with a PLCS remains an option for women with high CD4+ cell counts (>350 cells/L) who can stop therapy after delivery. In the full 2010 WHO guidelines on antiretroviral drugs for treating pregnant women this regime is a recommended option (Option A) for the prevention of HIV infection in infants [8]. Although Option A was not included in the most recent WHO guideline update on antiretroviral drugs for treating and preventing HIV infection, it is still used in many countries[7].

Despite this efficacy antiretroviral therapies are not without potential risk to mothers and infants. Reported side effects therapy are class dependent: The NRTIs have been associated with anemia [9,10], lactic acidosis [11] and mitochondrial dysfunction [12]; Stevens-Johnson syndrome and hepatotoxicity has been described with the non-nucleoside reverse transcriptase inhibitors (NNRTIs), particularly nevirapine [9,13]; reported adverse effects associated with protease inhibitors include gestational diabetes [14-17], hyper-triglyceridaemia [18] and adverse obstetric outcomes such as pre-eclampsia [19,20], intrauterine death [20,21], low birth weight [16,22-24] and preterm birth (gestational age < 37 weeks, PTB) [22,25-33]. In utero exposure to NRTIs has been associated in infants with anemia [34], neutropenia [35] and mitochondrial dysfunction [36] whilst more recently treatment with the protease inhibitors lopinavir/ritonavir has been linked with neonatal adrenal suppression [37]. The focus of this perspective will be a review of the evidence for a role of antiretroviral therapy in HIV-associated PTB. 

The important of preterm birth
Worldwide the incidence of PTB varies from 6% of all births in Europe, 11% in the USA and 9-18% in African countries [38].  It is the leading cause of neonatal mortality accounting directly for approximately 1 million, or 27% of neonatal deaths annually [38]. The consequences of PTB are a spectrum that depends not only on gestational age at delivery but also the available neonatal support facilities.

In resource rich settings very preterm infants, born before 32 weeks gestation, have increased rates of mortality and cerebral palsy [39,40]. In the same setting moderate-late preterm infants, born between 32-36 weeks gestation, have comparable survival rates to infants born after 37 weeks gestation. However, these infants have increased risk of recurrent hospital admissions, respiratory problems, later behavioral problems and having an IQ <85 [41,42].

In resource poor settings, where 85% of PTBs occur, neonatal mortality rates are high for all preterm infants [38]. A recent meta-analysis of East African data estimates rates of neonatal mortality for very and moderate preterm infants (24-34 weeks) to be 47% [43].

HIV associated preterm birth
HIV infection, per se, is a risk factor for PTB. Rates of PTB in HIV infected women, in the absence of HIV treatment (15-18%), are higher than in uninfected women (6-9%) [31,44,45] and appear to be linked to the degree of immunosuppression. Women with lower CD4+ cell counts and more advance clinical disease (CDC stage C) are at greater risk of PTB [21,27,30,32,46-48]. Detectable HIV-1 viraemia is also correlated with increased risk [49-51]. These associations could theoretically lead to antiretroviral treatment indication bias, which needs to be considered when interpreting the results of observational studies exploring associations of PTB.
HIV infected women also have a high prevalence of established risk factors for PTB which may be intermediate factors in the association with HIV/antiretroviral therapy. Within this population the following risk factors have been shown to increase risk of PTB: increasing maternal age [46,52-54]; black ethnicity [10,27,55]; single relationship status [56]; smoking [57-59]; alcohol use during pregnancy [60]; illicit drugs e.g. cocaine, opiates and marijuana [27,54,58,61-63]; past history of PTB [24,51,60]; hypertension and pre-eclampsia [10,19,24,56,59]; anemia [50,59] and low maternal weight gain [21,55,64]. 
Ascending genital tract infections and chorioamnionitis are risk factors for PTB[65,66]. Chorioamnionitis is common in HIV infected women and can be more severe compared to HIV uninfected women[48,66-68]. Co-infection with Hepatitis C virus, Herpes Simplex virus, Cytomegalovirus and Malaria have also been associated with increased risk of PTB in HIV infected women[26,60,69].
The role of antiretroviral therapy
PTB rates in HIV infected women have not declined since the advent of effective antiretroviral therapy. In 1998 a group in Switzerland published data reporting a PTB rate of 33% in women receiving cART[9]. This led to several other HIV cohort studies publishing data on prematurity rates in association with antiretroviral therapy with a range of different results. 
European data
Observational data from European studies such as the European Collaborative Study ((ECS) data from nine countries)[70], national surveillance registers from the UK[47] and Italy[26] and cohort studies from Germany, Austria[25] and Spain[71] have reported increased rates of PTB in association with cART. The risk of PTB in women who received cART was between 2-5 fold greater than the rates observed in those who took ZDV monotherapy, in whom rates were similar to the general population [25,47,72,73], and twice the rates seen with no treatment[9,31,44]. Two other cohort studies from the Netherlands[45] and Spain[74] have demonstrated a 2-fold risk with cART compared with no ART however these results did not reach statistical significance in multivariate analysis. In a study from Poland that did not find an association of cART with PTB the overall PTB rate was high (17%)[75].
North American data
Contemporaneously observational data from North America, where background rates of PTB are higher, concluded there was no association between cART and PTB. Results from the Women and Infants Transmission study ((WITS) 1990-1998) indicated there was no increased risk of PTB comparing cART use with no therapy[76]. Subsequent results from this cohort, which included data up to 2002, concluded that antiretroviral therapy use was associated with improved obstetric outcomes. This paper did however demonstrate a 8-fold risk of PTB in women receiving cART without ZDV late in pregnancy (after 32 weeks gestation) whereas there was a protective effect of antiretroviral therapy that included ZDV (ZDV monotherapy or cART)[10]. 
Later the American Pediatric Spectrum of Disease Study (PSD) (cohort data from eight sites) reported an increased risk of PTB with PI-based cART compared with Dual NRTI (aOR 1.21 (95% CI 1.04-1.40)) [27]. More recently the Surveillance Monitoring for ART Toxicities (SMARTT) study also showed women initiating PI-based cART in the first trimester were at greater risk compared to those taking no ART (aOR 1.55 (95% CI 1.16–2.07) [77].

Low and middle-income country data
There is increasing high quality data from low and middle-income countries where the burden of disease is greatest. These observational cohort studies and randomized control trials have again used a variety of comparator groups.

The National International Site Development Initiative Perinatal study comprising data from Argentina, Brazil, and Mexico and the Caribbean compared cART with NRTI only therapy (either ZDV monotherapy or dual NRTI) and showed no increased risk of PTB with cART [78]. Contrary to these results, a subsequent cohort study from Brazil showed a higher rate of PTB in women receiving cART (13%) compared to dual NRTI (9%) [79].

The largest matched cohort study to address the comparison of cART with ZDV monotherapy is from Botswana and has demonstrated a 1.4-fold increased risk of PTB with new cART versus ZDV monotherapy [59]. Two further African cohort studies comparing non-PI cART with no ART have shown different results. One study from South Africa concluded non-PI cART increased PTB risk 6-fold [32] whereas the Drug Resource Enhancement Against AIDS and Malnutrition study from Malawi and Mozambique concluded that non PI-based cART is protective[80].

Limited data are available for Asian countries. An Indian study has shown a 3-fold increased risk of PTB with cART compared to no therapy[21] whilst in China a trend towards higher PTB rates for women requiring treatment for their own health with non-PI cART of 12% compared to treatment for PMTCT with ZDV monotherapy (4%) has been reported[63].

Why do these results differ?
The discrepancies in the conclusions of these studies led to efforts to combine the data and to further examine the differences in these studies. A meta-analysis of observational studies from Europe, North and South America published in and before 2004 (thirteen prospective cohorts and one retrospective study) concluded there was no elevated risk of PTB with cART or PI-based cART compared with no therapy[29]. Interestingly it did show a moderate increase (aOR 1.35 (95% CI 1.08–1.70)) in PTB with PI-based cART compared to non-PI cART. A pooled analysis of the ECS and WITS cohort data up to 2006 was undertaken which revealed that the rates of PTB from European and North American studies were indeed different with a combined analysis indicating an association with cART compared to Dual NRTI (aOR 1.49 (95% CI 1.19-1.87)) [81]. Both analyses proposed the reasons behind the disparate conclusions to be: heterogeneous populations with different background rates of PTB; varying study designs in adjustment for confounders such as race, age, smoking, illicit drug use, alcohol, HIV factors (degree of immunosuppression, indication for treatment), co-infections as well as choice of comparison groups[29,81]. 

Randomized control trial data
In recent years the first data from randomized control trials has been published, both of which were performed in Africa. In each study, HIV infected women who did not need treatment for their own health (CD4+ count>200 cells/L) and were randomized to either PI-based cART (Lopinavir/ritonavir with zidovudine/lamivudine) or NRTI only therapy (ZDV monotherapy) plus single dose Nevirapine (Kesho Bora study)/ triple NRTI (Mma Bana study))[22,82]. The primary outcome was prevention of MTCT of HIV infection during the antenatal and postnatal period (which included up to 6 months of breast feeding). PTB was evaluated as a secondary outcome. These data should be less susceptible to bias however in spite of this both studies have reached different conclusions. 

In the Mma Bana study treatment was started from 26 weeks gestation. PI-based cART was associated with a 2-fold risk of PTB with no excess risk of MTCT of HIV (0% with PI-based cART versus 2% with triple NRTI) [4]. Initially the Kesho Bora study protocol started treatment from 34 -36 weeks, however halfway through the trial treatment initiation changed from 34 to 28 weeks gestation. This trial showed no increased PTB risk with PI-based cART and a higher rate of HIV transmission with ZDV monotherapy (6% versus 11%, p=0.02). One can argue however that if treatment was initiated later, there was little time for an effect to be observed on PTB risk.

Class effect
Protease inhibitors
Several investigators have hypothesized that a specific class of drugs, the protease inhibitors, drives the association between antiretroviral therapy and PTB. Interestingly it was one of the WITS centres from North America, that was the first to highlight this association, with an elevated risk with PI-based cART compared to non-PI cART (aOR 1.8 (95% CI 1.1–3.0)) [28]. As stated previously the American meta-analysis, despite concluding no overall association between cART and PTB, showed an increased risk of PTB with PI-based versus non-PI cART (aOR 1.4 (95% CI 1.1–1.7)[10]. The American PSD and SMARTT studies have also demonstrated a moderate increased risk comparing PI-based cART to Dual NRTI and no ART respectively (aOR 1.2 & aOR 1.6) [27,77].

However two American studies, one single centre from New Orleans and results from the larger international Maternal Pediatric Adolescent AIDS Clinical Trials Group, protocol P1025 observed no increase in PTB rates comparing PI-based and non-PI cART[83,84].

Cohort data from Europe and South America and Africa have corroborated this potential class link showing a 3-fold risk of PTB with PI-based cART versus non PI therapy [25,26,32,33]. As discussed earlier, African RCT data comparing PI-based cART with either ZDV monotherapy or triple NRTI has been conflicting.

One could hypothesize that women who receive PIs during pregnancy as part of cART have more advanced HIV disease compared to women eligible for ZDV monotherapy or triple NRTI, which may drive the association seen with PIs in some observational studies. To reduce the bias from treatment indication and HIV disease status, we explored the rates of PTB in women who did not require treatment for their own health (CD4+ cell count >200 cells/μL pre-2008 and >350 cells/μL post-2008), and thus were eligible for PI-based cART or ZDV monotherapy. Women who received new PI-based cART were 8-fold more likely to experience PTB compared to those who received ZDV monotherapy[73].

Few studies have looked at relationships with individual drugs. It has been suggested that this association is the result of the PI ritonavir, which is co administered with other PIs to inhibit cytochrome p450, and thus increases therapeutic drug levels. Data from the large ANRS (Agence Nationale de Recherché sur le SIDA) French Perinatal cohort shows women receiving ritonavir boosted Atazanavir being twice as likely to experience PTB as women receiving un-boosted Atazanavir[30]. The American SMARTT study also presented data for specific drug regimens[77]. In this study the following PIs were associated with increased risk of PTB: saquinavir (aOR 2.32 (95% CI 1.26–4.27)); ritonavir (aOR 1.35 (95% CI 1.03–1.77) and lopinavir/ritonavir (aOR 1.32 (95% CI 1.00–1.74).  ZDV monotherapy was associated with a significant reduction in risk of PTB (aOR 0.62 (95% CI 0.41–0.92). 

Timing
Timing of treatment initiation with respect to gestation also appears to be critical. Some data suggest that length of exposure of treatment is key with women conceiving on cART at the highest risk. European data from ECS and MoCHIVA women conceiving on cART have twice the risk of women who received no ART [31,70].  The French ANRS perinatal cohort study also demonstrates a moderate increased risk of PTB when comparing exposure from conception compared to initiating treatment in pregnancy (OR 1.31 (95% CI 1.11–1.55))[30]. These results have been duplicated in a Brazilian cohort, which demonstrated that pre-conception cART was associated with a 5-fold risk of PTB compared to all later ART[79]. 

Other studies have suggested the converse effect with women initiating treatment during pregnancy at the highest risk, perhaps as a result of an immune reconstitution phenomenon. The European AmRo (Academic Medical Center Rotterdam) study demonstrated a 2-fold risk of PTB with cART use in the first trimester versus no ART. Data from our cohort indicate that women who initiate cART in pregnancy are at the highest risk with a 5-fold risk compared to women receiving ZDV monotherapy. The greatest risk was observed in women who initiated short term cART during pregnancy (5.00 (95% CI 1.49–16.79)) [73]. A recent Spanish study has also shown a 6-fold risk of PTB in women initiating cART in the second half of pregnancy with women conceiving on cART not demonstrating a significantly increased risk[71]. These findings are line with the large Botswanan matched cohort study, which demonstrated a 1.4-fold risk with women initiating cART in pregnancy compared to ZDV monotherapy[59]. 

Data from the American SMARTT study have also shown women who initiated PI-based cART in the first trimester to be at the highest risk of PTB whereas cART exposure later in pregnancy was not associated with increased risk [77]. Whilst not the main conclusion of the American meta-analysis, this study showed a 1.7-fold risk with cART started preconception or in the first trimester compared to the second or third trimester [29]. Compared to no therapy a retrospective study from South Africa showed a 6-fold risk of PTB when women started non-PI cART and 3-fold risk when starting PI-based cART, both before 28 weeks[32]. 

Whilst there is mounting evidence to demonstrate that cART has a role in the excess risk of PTB in these women, the association with specific drug classes and timing remains uncertain. The choice of comparator group in observational studies will be dictated by the available data and concurrent treatment guidelines. The spectrum of findings presented here is, in part, due to interactions between maternal health status (treatment indication) and clinical practice in different settings, in addition to population differences in traditional PTB risk factors. These factors are difficult to completely adjust for in efforts to limit bias in observational cohort studies. 

Intrauterine death
Though not so widely reported, rates of intrauterine death, miscarriage and stillbirth are also high in women taking cART. Data from a Spanish group has shown rates of IUD 8-fold higher in women taking cART prior to pregnancy compared to no ART[20]. Compared with ZDV monotherapy and Dual NRTI, the UK National Surveillance of HIV in Pregnancy and Childhood register (NSHPC) has demonstrated a trend towards a 2-fold risk of stillbirth with cART use. Indian data looking at adverse perinatal outcomes including stillbirth and miscarriage showed 2-fold higher rates in women receiving cART compared to ZDV monotherapy[21].
However North American stillbirth data shows no excess risk with cART[10,28].

Type of preterm birth
The terminology preterm birth refers to a syndrome, which encompasses several different pathologies. These can be divided into spontaneous PTB, which comprises spontaneous preterm labor (SPTL) and preterm premature rupture of membranes (PPROM), or iatrogenic PTB, where labor is induced or a PLCS is performed as a consequence of maternal or fetal complications. Maternal complications include conditions such as preeclampsia, eclampsia and diabetes. Fetal complications include intrauterine growth restriction and fetal distress. Whilst these different pathologies are believed to have common mechanisms that trigger PTB, one can postulate that these should be considered as distinct conditions when analyzing associations with antiretroviral therapy. 
Few studies to date have made the distinction between iatrogenic and spontaneous PTBs or subdivided these into SPTL and PPROM. A case control study which evaluated the different types of PTB in HIV infected and uninfected women showed that rates of spontaneous PTB were higher in HIV infected women (32% versus 9%) whereas HIV uninfected women had higher rates of PTB as a result of iatrogenic causes (21% versus 50%) [54]. This study showed that 79% of all PTB in HIV infected women was spontaneous PTB, 60% was secondary to SPTL and 40% to PPROM. Within our cohort 53% of all PTBs were spontaneous and 47% were iatrogenic, the most common cause of iatrogenic PTB was pre-eclampsia [73].
A recent Spanish study defined PTB as either spontaneous or iatrogenic with spontaneous PTB accounting for 70% of all PTB[71]. There was no association with cART and spontaneous PTB however the risk of iatrogenic PTB was 6-fold when cART was initiated in the second trimester. Spontaneous PTB accounted for 61% of all PTBs in the French ANRS cohort[30]. The rates of iatrogenic PTB in women using PI-based cART were significantly higher in women receiving boosted PI-based cART (6%) compared to unboosted PI-based cART (1%). Iatrogenic PTB was most commonly indicated for preeclampsia and intra-uterine growth restriction. There was a trend towards a higher rate of spontaneous PTB in women receiving PI-based cART, which was not significant in multivariate analyses. 

The American SMARTT study showed that 55% of PTB in women with HIV infection were spontaneous and 44% were iatrogenic. PI-based cART exposure in the first trimester was associated with spontaneous PTB and all causes of PTB but not with iatrogenic causes. 
Although the American WITS cohort was the first to evaluate an association of cART with PPROM and SPTL the actual numbers of SPTL and iatrogenic PTB were not presented. In this large American study the overall rate of PTB was 18%, 56% of these women experienced PPROM. When examining the association between cART and PTB, the investigators demonstrated late use of cART without ZDV to be associated with an increased risk of PPROM but not of SPTL.
The distinction between these different reasons for PTB and their limited and inconsistent use as primary outcomes in studies to date may, in part, explain the spectrum of results in the current available evidence. It is certainly possible that the underlying mechanism that increases PTB risk drives a specific sub type. Spontaneous PTB seems to be more common but the latest studies indicate a higher risk of iatrogenic PTB with cART which cannot be completely explained by increased pre-eclampsia. Different rates of this condition between treatment groups have been observed by some but have not been consistently demonstrated[20,46,85]. Within our cohort we observed low rates of pre-eclampsia in the pre cART era (0%) and increased rates since the introduction of cART: 1% in women receiving ZDV monotherapy/dual NRTI but 11% in women taking cART (OR 15.1 (95% CI 1-270))[19]. Sub-analyses by PTB type or disease association means smaller, observational cohort studies may be underpowered to demonstrate cause and effect. 
A large matched cohort study from Botswana has shown an increased risk of PTB and hypertension in pregnancy with cART compared to all other therapies (OR 1.34 (95% CI 1.00–1.77)), which may explain part of the excess risk of iatrogenic PTB [59]. Data from a Spanish matched cohort study has also demonstrated a higher risk of pre-eclampsia and fetal death when women have conceived on cART [20].

Mechanism
The main mechanisms through which PTB is triggered can be broadly divided into: inflammation; placental abruption; premature uterine distention and maternal-fetal stress. The mechanism by which cART increases risk of PTB has not been elucidated. Several potential mechanisms have been hypothesized which are currently under evaluation.
Inflammation
One of the most popular hypotheses is that cART causes a reverse in pregnancy associated cytokine changes at the maternal fetal interface to a pro-inflammatory Th1 profile. In HIV uninfected women successful term pregnancy requires immune tolerance of the fetal allograft. This is achieved by multiple pathways, which include: a shift from Th1 to Th2 cytokine environment and changes in the expression of MHC molecules at the maternal-placental interface, alongside alteration of the spectrum of immune cells populating the uterus and its lymphatic system[86,87].  Th1 cytokine responses are thought to be important in triggering labour, both term and preterm, by: mediating cervical ripening; reducing amniotic membrane rupture threshold; increasing myometrial contractility through the recruitment of neutrophils, macrophages and up regulation of matrix metalloproteinases and prostaglandins [88].
The natural history of untreated HIV infection is a shift towards a Th2 predominant profile whilst initiation of cART in non-pregnant adults results in a Th2 to Th1 cytokine shift.[89-91]. This led to the theory that the same reverse Th1 cytokine shift in HIV infected pregnant women on, or initiating treatment, may drive a lower threshold for the trigger of labor in these women. 
An Italian group was the first (2001-2002) to produce data on the difference in Th1 and Th2 cytokines in HIV infected pregnant women according to treatment history [92]. This study evaluated concentrations of interleukin 2 (IL-2) (T cell growth factor, defined as Th1) and IL-10 (cytokine synthesis inhibitory factor, previously defined as a Th2 signature cytokine) from stimulated peripheral blood mononuclear cells in twenty-six HIV-infected mothers taking cART throughout gestation (twenty-two, (85%) receiving PI-based cART) and twenty-three women receiving no therapy. The authors demonstrated reduced IL-10 concentrations in cART-exposed women compared to no therapy but did not find a difference in IL-10 between term and PTB. However, HIV infected women experiencing PTB had greater increases in IL-2 across pregnancy compared to women delivering at term, although IL-2 concentrations did not differ by antiretroviral therapy exposure.
One large international prospective cohort study performed in fifty-six sites across America and the Caribbean has evaluated markers of inflammation (IL-6 and CRP) and coagulation (D-dimer) in plasma throughout pregnancy in HIV infected pregnant women who had a pre-cART CD4+ count >350 cells/L. The authors explored biomarker associations with a composite outcome of pregnancy complications: pre-eclampsia, hypertension, gestational diabetes, PPROM and PTB. All biomarkers increased from week 30 to delivery. There was a trend towards higher concentrations of IL-6 from 30 weeks gestation to delivery in women who experienced one or more pregnancy complications compared with uncomplicated pregnancy (p=0.08). This study did not specifically explore associations of PTB alone. 
Data from 51 pregnant women in our cohort between 2007-2011 revealed reduced plasma IL-10 concentrations in women initiating PI-based cART at weeks 20-34 (3-15 fold, minimum mean concentration 31 pg/mL, p<0.02), compared to those initiating ZDV monotherapy or triple-NRTI and lower concentration in women experiencing PTB (4-13 fold, minimum mean concentration 14 pg/mL, p<0.03) compared to term deliveries at weeks 12-28[93]. IL-10 inhibits the release of Th1 cytokines and thus acts as a break in the pathway that triggers labor. These data suggest a plausible mechanism behind the elevated rates of PTB seen in women with HIV infection who receive cART. Further evaluations of maternal cytokines are underway locally and as part of the ongoing international RCT: Promoting Maternal-Infant Survival Everywhere (PROMISE) protocol 1077 [94]
Immune reconstitution
One explanation for the high rates of PTB might be immune reconstitution. HIV infected individuals commencing cART can experience symptoms transiently worsen as a consequence of improved CD4+ cell function increasing inflammatory responses to opportunistic infections. This phenomenon is more common in individuals with advanced immunosupression and can manifest as a clinical deterioration of a range of infections e.g. Mycobacterium tuberculosis, Pneumocystis Jirovecii pneumonia, Hepatitis and Herpes viruses. During pregnant a physiological reduction in CD4+ cell count occurs [95]. Initiation of cART during pregnancy and the resultant increase in CD4+ cell count could result in an immune reconstitution inflammatory syndrome (IRIS) related to feto-placental antigens. A heightened inflammatory response may explain the observation of increased rates of chorioamnionitis as well as a potential mechanism for the trigger of labor. Thus, in a recent African cohort study of women initiating treatment before 28 weeks there was a 33% reduction in risk of PTB for every 50 cell/L increment in baseline CD4+ cell count[32]. The observation of increased rates of pre-eclampsia with cART by some studies is also supportive[19,20].
The placenta
The direct affect of cART on the placenta is an area of increasing research. It has been hypothesized that HIV infection and/or cART disrupt physiological angiogenesis of the placenta that is required for successful implantation and maternal-fetal exchange [96,97]. Incomplete invasion of the uterine spiral arterioles by the trophoblast cells is thought to be the underlying mechanism for pre-eclampsia and is associated with endothelial dysfunction and elevated angiogenic markers[98,99]. Endothelial dysfunction also been implicated in PTB and intra uterine growth restriction[100-102].

In the Mma Bana RCT Botswana angiogenic markers and pre-eclampsia were evaluated in HIV infected women taking PI-based cART or triple NRTI [85]. Despite the low prevalence of pre-eclampsia (1%) there was a trend towards an association with PI-based cART. Factors associated with pre-eclampsia were pre treatment HIV RNA concentration > 100000 copies/L and low placental growth factor (PlGF). Women who taking PI-based cART displayed an overall decrease in PIGF one month after treatment initiation where as in women on triple NRTI there was a trend towards an increase in PIGF. The association between PIGF and PTB was not reported.

Our group has evaluated plasma markers of endothelial dysfunction in HIV infected and uninfected pregnant women[103]. We have been able demonstrate higher concentrations of plasma leucocyte adhesion molecules (cell surface molecules which enable migration of leucocytes into tissues and blood vessels, associated with inflammation) across gestation in HIV infected women compared to uninfected. In women initiating PI-based cART with a CD4+ count >350cells/L, mean plasma vascular adhesion molecule-1 (VCAM-1) concentrations increased from weeks 12 to week 20 from 3.3 pg/mL to 5.9 pg/mL. This effect was not observed in women initiating NRTI-only therapy (either triple NRTI or ZDV monotherapy), or in HIV uninfected pregnant women.  Concentrations of VCAM-1 in women initiating PI-based cART were 2-3 fold greater at weeks 20-34 than in women receiving NRTI-only treatment and uninfected women (p<0.03). We were also able to demonstrate 2-fold higher concentrations of VCAM-1 at weeks 20-28 in women initiating PI-based cART during pregnancy compared to women who conceived on PI-based cART (p<0.003). VCAM-1 concentrations were higher in women experiencing PTB however this did not reach statistical significance. Whilst these data are from plasma they indicate an underlying difference in vascular endothelial cell activation by treatment exposure and timing, which may reflect placental pathology. 

In a Brazilian series of histological examinations of HIV infected and uninfected placentas, authors have demonstrated more villous immaturity in HIV-infected women compared to uninfected[104]. This study also evaluated the level of expression of leucocyte adhesion molecules in the placenta by HIV serostatus and cART exposure. They demonstrated higher levels of intercellular adhesion molecule-1 (ICAM-1) in placentas of HIV-infected compared with uninfected women and elevated ICAM-1 in placentas of women initiating cART before 36 weeks compared to after 36 weeks.

Preliminary findings from the ongoing study of Angiogenesis and Adverse Pregnancy Outcomes in Women with HIV (AAPH) are that compared to uninfected women, HIV infected women, the majority of whom received cART, had lower placental weight and increased placental abnormalities including fibrotic lesions, intervillous thrombi, villous immaturity and inflammation[97]. Whilst we know that HIV infected pregnant women have higher rates of chorioamnionitis and desiduitis, to date, differences by antiretroviral therapy exposure have not been evaluated.

Maternal-Fetal Hypothalamic Pituitary Axis 
The initiation of preterm and term labour is under tight regulation by several hormonal feedback loops, the final common pathway of which is the Maternal-Fetal Hypothalamic Pituitary Axis (HPA).  Prematurely elevated levels of placental corticotrophin releasing hormone (CRH) have been demonstrated in women who deliver preterm[105]. There is a school of thought that the cytochrome P450 inhibition of ritonavir may interact with the maternal-fetal HPA axis[30], preventing glucocorticoid break down and in turn increasing prostoglandin levels, which are vital to cervical ripening and myometrial contractions.  To date, there is little data to support this hypothesis. Of interest, is the transient neonatal adrenal dysfunction which has been reported in association with the combination of in utero with neonatal lopinavir/ritonavir exposure. This was most marked in pre-term babies. Since only lopinavir/ritonavir is available as a syrup it is uncertain whether this is a class or compound specific effect [37].

Another signal of an endocrine action is the effect of a PI-based cART (Lopinavir/ritonavir and 2 NRTIs) in pregnant mice on progesterone production.  One group has shown PI-based cART exposure was associated with lower progesterone levels, lower placental and foetal weight and increased foetal loss compared to placebo indicating that PI-based cART may have an effect on pregnancy hormones[106]. The APPH study plans to evaluate correlations of progesterone with prematurity in humans. 

Expert Commentary
The benefit of cART to both mother and child cannot be underestimated but there seems to have been reluctance in some quarters to acknowledge the association between cART and PTB, perhaps through fear of unnecessarily alarming mothers when prevention of HIV transmission is clearly a higher clinical priority. Whilst the initial evidence for the role of cART was contradictory and controversial with the ever-expanding evidence attitudes are changing and the importance of understanding the association recognised. 
American and European guidelines continue to advocate the use of PI-based cART during pregnancy, see table 1. Worldwide PI-based cART is the most prescribed regimen for PMTCT [107]. HIV physicians favour these drugs due to their short half-life, which facilitates the stopping of these therapies and their high genetic barrier to resistance. There are also good surveillance data to show no excess of congenital anomalies[108,109]. However, modeling of UK data has shown that for every 100 HIV mother-to-child transmissions prevented by cART (including PI-based and non-PI cART) instead of ZDV monotherapy, an additional 63 PTBs occur[110]. Currently 9.7 million of the 28 million eligible HIV infected adults world-wide are receiving cART[7].  By the end of 2012, 62% of the 1.5 million HIV infected pregnant women received ART. This number is increasing year on year and it is anticipated that coverage will reach 90% by 2015 in line with United Nation’s millennium goals 5 and 6[111]. The dark lining of this silver cloud is the prospect of increased numbers of pre-term births if cART is PI-based.
Five-year view
The 2012 WHO guideline update has boldly advocated that for areas with limited access to antiretroviral therapy, a fixed dose combination should be prescribed for all women in order to simplify what have been previously viewed as complex guidelines[7]. This regimen (Efavirenz with Tenofovir plus either Lamivudine or Emtricitabine), does not include a PI and may, if adopted, lead to a reduction in PTB rates in women with HIV. It is difficult to estimate the number of preterm births that could be prevented by avoiding PI cART. Based on current figures of antiretroviral therapy and a PTB risk ratio of 2:1 for PI v non-PI-based therapy, if all women globally were treated with non-PI cART we estimate that 150,000 preterm births could be prevented annually.

This WHO guideline update has also included the recommendation that for women who do not need treatment for their own health, continuing treatment after pregnancy should be considered in epidemic settings (Option B+)[7]. This additional recommendation has been driven by several theoretical benefits to HIV transmission and maternal health extrapolated from available data in non-pregnant adults. These include facilitating early exposure to ART in repeated pregnancies and enabling cART exposure during prolonged breasting feeding as well as reducing sexual HIV transmission. Treatment interruptions are also associated with immune activation and possible long-term morbidity[112,113] although this has not been shown in relation to HIV treatment and PMTCT. The effect that these guidelines will have on prematurity rates in HIV infected women is hard to predict, especially considering some studies have found that increasing length of cART exposure raises PTB risk. Concerns have already been raised about potential increases in incidence of PTB and low birth weight as well as safety, feasibility, economic and ethical considerations from this non-validated guidance [114].
Trends in PTB rates are increasing globally in part due to an increase in iatrogenic causes and multiple gestation pregnancies due to assisted reproductive techniques. Iatrogenic causes of PTB for maternal and fetal indications have been strongly associated with cART and PI-based cART.  Since the use of cART in pregnancy was accepted in clinical practice, rates of PTB in HIV infected women in the developed world have increased and then subsequently stabilized [30,70]. Recent data from ECS and MoCHiV have shown that since clinical guidelines have changed to advocate normal vaginal delivery (where maternal HIV RNA copies are undetectable at 36 weeks) instead of pre-labor C-section at 38 weeks, a decline in late PTB (34-36 weeks) has been observed[115]. This is thought to be the result of a reduction in C-sections performed to reduce the intrapartum risk of HIV MTCT. Whilst iatrogenic causes of PTB by pre-labour C-Section for prevention of MTCT have declined, it remains that iatrogenic, and to a lesser extent spontaneous, causes of PTB for maternal and fetal indications are associated with cART. 
Of interest, is the observation from the ECS and MoCHiV cohorts between 2000 and 2010, rates of moderate – severe PTB (24-34 weeks) have increased from 29% to 44% of all PTBs[115]. UK surveillance data has shown cART use is associated with a 2-fold risk of severe PTB (< 32 weeks)[47] and within our cohort 53% of all PTB has been moderate - severe [73]. These high rates of severe-moderate PTBs are concerning as this is the group with the poorest morbidity and mortality outcomes in the HIV uninfected population. 

Compared with term infants, preterm infants born to HIV infected mothers have higher rates of infant mortality: three-fold in a Chinese cohort study [116] and five-fold according to Mma Bana RCT [22]. The latter study also showed higher rates of severe lower respiratory tract infections requiring hospitalization in PTBs. Another Botswanan study has also shown higher rates of neonatal death in PTBs compared to term and in women receiving cART compared to ZDV monotherapy[59]. 
There is currently a paucity of long-term follow up data for HIV exposed severe-moderate preterm infants in both resource rich and poor settings. However, the majority of infants born to women living with HIV have minimal access to neonatal services and even small increases in PTB, especially at earlier gestations, are likely to negatively impact global infant mortality and morbidity. 
The recent WHO guideline update for the management of HIV infected women is potentially a positive step forward if PI-based cART is the main driver of the excess risk seen in HIV infected women. To affect a global shift in prescribing practice away from these regimes further supportive evidence would be required. To date there have been no RCTs designed to evaluate PTB as the primary outcome with RCT generated data to date including PTB as a secondary outcome. The IMPAACT PROMISE trial designed to compared PI-based cART (Lopinavir/ritonavir based) with ZDV monotherapy in women with CD4+ counts >350 cells/L is ongoing and will add to the available data, however PTB remains a secondary outcome measure[94]. To power a RCT for PTB as a primary outcome, a significant sample size would be required, the likes of which is best recruited in low-middle income countries where the burden of disease is greatest. Since the WHO updated their guidelines to a fixed dose regimen, the likelihood of obtaining ethical approval and financial support for an RCT comparing different cART regimens will become more difficult. We are likely to continue to depend on safety data from retrospective series in heterogeneous populations dependent on evolving prescribing standards. However, ongoing research into biologically plausible mechanisms underlying the association may provide an ethical approach to expanding the available evidence.  As new antiretroviral drugs become available, knowledge of the pathogenesis underlying adverse drug effects is another approach to evaluating of potential side effects, especially in pregnancy.

In an ideal world the excess PTB risk observed in HIV-infected pregnant women would be minimized. Changes in treatment guidelines may go a long way to facilitate this but will not be a one step solution. Risk reduction should also consider traditional risk factors for PTB and perhaps tailored cART in women with elevated risk of PTB. Within developed countries the management of women at high risk of PTB will vary according to local services. Many centres run prematurity clinics where women undergo screening to identify their risk of PTB including cervical length measurement, fetal fibronectin measurement and increased surveillance for genito-urinary infections as well as being offered lifestyle advice. Where indicated women receive interventions to reduce risk of PTB including progesterone pessaries, antibiotics and cervical cerclage[117-119]. At present HIV-infection per se has not been used as an indicator for such assessment but one can argue that their elevated risk of PTB justifies more active management where resources allow. Current tools for risk stratification such as fetal fibronectin, phosphorylated insulin-like growth factor-binding protein (phIGFBP-1) and cervical length measurement have not been validated in HIV-infected women but research is ongoing into their utility[46,120].
Preterm delivery is an arbitrary cut-off in the continuum of gestational age at delivery with lesser but more numerous benefits as maturity at delivery increases. Therefore shifts in prescribing practice and or modifiable traditional PTB risk factors during pregnancy which increase the gestational age of delivery closer to 40 weeks would be of benefit both for infant health in line with United Nation’s millennium development goal 4 and by reducing pressure on overstretched neonatal and pediatric services worldwide.

Key issues: 

1. Combination antiretroviral therapy has led to dramatic reduction in mother-to-child transmission of HIV with infant infection rates of <1% achievable.

2. Advances in therapy have enabled HIV-infected women to have normal vaginal deliveries and in certain settings, the option of breastfeeding.

3. The infants of HIV infected women have a high risk of being born preterm of which up to 50% are born < 34 weeks (moderate-severe prematurity).

4. The cause of these high rates of PTB in HIV-infected women is likely to be multi-factorial.

5. Several studies implicate protease inhibitors as a cause of PTB although no mechanism has been identified.

6. Lower rates of PTB, in line with the general population, have been observed with older, now less used treatments such as the NRTI only therapy including zidovudine monotherapy.

7. The current hypothesis is that combination antiretroviral therapy alters the cytokine environment of the feto-placental unit and reduces the threshold for labour initiation.

8. Tailored antiretroviral treatment in HIV women perceived to be at high risk of PTB might be a viable risk reduction strategy.
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