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ABSTRACT 

OBJECTIVE 

To estimate the prevalence, attributed causes and risk factors for liver enzyme 
elevation in HIV-infected pregnant women, and especially the role of ART, 
studying separately women on ART at conception or starting during pregnancy. 

The National French Perinatal Cohort : EPF cohort (ANRS CO1/11) 

The French Perinatal Cohort EPF: All HIV infected women and their children included since 
1986 in 90 French centres. Coverage : about 70% of HIV-infected women in metropolitan France.  
 

 Eligible pregnant women 
 Descriptive study population N=5748 

 All women with at least one liver function test during pregnancy receiving ART between 2005 
and 2015 in the CO-01 detailed component of the French Perinatal Cohort 
Exclusion of active HBV or HCV coinfection 

 Analytical study population : study of association with ART N=5264 
Exclusion of patients with preeclampsia or cholestasis of pregnancy 
Exclusion of patients with abnormal first LFT value 

 Variables:  LFTs were collected 3 times during pregnancy: <28WG, > 28WG and at delivery.  

Liver enzyme elevation (LEE) was defined as SGOT or SGPT at least 1.25 x upper 
limit of normal (ULN, assumed to be 40 IU/L), and then graded from 1 to 4 on a 
standardized scale.  

All ART combinations were recorded with dates at initiation and end. Sociodemographic, clinical, 
and obstetrical and immuno-virological characteristics were collected.  

 Statistical analysis: Cox proportional Hazard models with ART as a time varying variable and occurrence 
of LEE as outcome were used  to test associations. 
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Descriptive study and consequences of LEE 

• The rates of LEE were 

• 17% (n=959) for any LEE (grades 1-4) 

• 2% (n=112) for severe LEE (grades 3-4) 

• Among women with LEE, 7% had preeclampsia, 11% intrahepatic cholestasis 
of pregnancy, and less than 1% other identified causes (sickle cell disease, 
malaria or bile duct obstruction). More than 2/3 were unexplained.  

•LEE was the main reason reported for  

• 27 cesarean sections or inductions of delivery (3% of LEE) 

• 103 hospitalizations (11%) and 88 changes in treatment (9%)  

• Preterm delivery was significantly associated with LEE even after 

exclusion of preeclampsia and cholestasis of pregnancy : 16% of preterm births 
among patients with LEE vs 11.5% among women without LEE, p=0.002.  

Analytical study of ART 

•  Among  women treated at conception  

• Compared with PI-based ART, less LEE occurred in women on 
NNRTI-based ART (Table1). The difference did not reach significance for 

other types of ART 

• Among PIs, the occurrence of LEE was similar in this group. There was no 
difference in the risk of LEE among NRTIs.  
 

•Among  women starting ART during pregnancy 

•  Most women received PI-based ART (90%) 

• Among these, compared with lopinavir, nelfinavir was associated with a 
lower risk of LEE. Other PIs studied were not significantly associated with 
LEE (Table 2).  

• Among NRTIs, abacavir (vs no abacavir) tended to be associated with a 
higher risk of LEE.  

• Rates of LEE are high during pregnancy among HIV-infected 

women, and this affects obstetrical care management.  

•Among women on ART at conception, compared with NNRTI, PI-
based treatments were associated with occurrence of LEE.  
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•Background  
Antiretroviral therapy (ART) is recommended for all HIV-infected pregnant women and is highly effective in preventing vertical 
transmission of HIV. High rates of liver enzyme elevation (LEE) during pregnancy and some cases of severe hepatotoxicity have been 
reported, but the causes remain unclear. Surveillance including sequential liver function tests is recommended for all HIV+ pregnant 
women in France. Our objective was to estimate the prevalence, causes and risk factors of LEE in the national prospective French 
Perinatal Cohort. 
•Methods We studied the 5748 HIV+ pregnant women treated with ART, enrolled in the French Perinatal Cohort between 2005 and 
2014, who had >1 normal measure of liver enzymes during pregnancy. Adjusted hazard ratio (aHR) for the association of LEE with 
ART were estimated using multivariate Cox models with ART as time-dependent variable, separately for women on ART at conception 
and for those starting ART during pregnancy. 
•Results  
Liver enzyme elevation (grade >1) was observed in 17.4% (n=959), grade 3-4 in 2%. Two third occurred in the third trimester. Among 
women with LEE, 7% had preeclampsia, 11% intrahepatic cholestasis of pregnancy, and less than 1% other identified causes (sickle cell 
disease, malaria or bile duct obstruction). More than 2/3 of LEE were unexplained. LEE were the reason for many hospitalizations 
(n=103), cesarean sections or inductions of labor (27), and changes in ART regimens (88). Unexplained LEE was significantly 
associated with higher risk of preterm births; p=0.002. For the women already on ART at conception, the risk of unexplained LEE was 
lower with NNRTI-based regimens than with protease inhibitors: aHR=0.5 [0.3-0.7]. The risk was similar with boosted and non-boosted 
PIs: aHRs = 0.8 [95%CI 0.4-1.7] with no difference among the various PI drugs. Among the women initiating ART during pregnancy, 
most regimens included PIs (90%). Compared with lopinavir/r (the most prescribed PI), LEE were less frequent for nelfinavir, there was 
no significant difference for darunavir/r, and atazanavir/r. The few women who initiated NNRTI, NRTI monotherapy or dual therapy as 
first treatment were excluded from this analysis.  
•Conclusion  
The rate of LEE among HIV-infected women is high and impacts obstetrical care management. In most case, the cause remained 
undetermined. Our results suggest a possible role of PIs which needs further investigation. 

PATIENTS AND METHODS 

RESULTS 
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Rousse, Lyon, France (Laurent Cotte*, Jean-Marc Labaune, René-Charles Rudigoz, Corinne Brochier, Valérie Galvan, Stanislas Ogoudjobi); Centre Hospitalier Pellegrin, Bordeaux, France (Christophe Elleau*, Camille Runel-Belliard*, Thierry Pistone, Hervé Fleury, Jacques Horovitz, Boris Sandler, Denis Roux, Jean-Marie Ragnaud, Pierre Chabanier, Jean-Luc Brun, Sandrine Delveaux); CHU Les Abymes, Pointe à Pître, France (Blandine Muanza*, Mama Doufari Diallo, Isabelle Lamaury, Marie-Thérèse Sow, Ketty Samar); Centre Hospitalier Général, Creil, France (Bénédicte Carpentier*, Zafer Osman, Etienne Dienga); Hôpital de Haute Pierre, 
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Nelly Ghibaudo, Sabrine Andris); APHP Hôpital Necker, Paris, France (Stéphane Blanche*, Marine Driessen*, Delphine Lemercier, Pierre Frange, Florence Veber, Alain Fisher, Christine Rouzioux, Véronique Avettand-Fenoel, Marie-Christine Mourey); Centre Hospitalier Sud Francilien, Evry Corbeil, France (Michèle Granier*, Alain Devidas*, Anne-Claire Donnadieu, Rose Nguyen, Adrien May, Amélie Chabrol, Pierre Chevojon, Zaitoun Abdallah Moussa, Chahrazede Bellahcene, Audrey Sanchez, Claire Malbrunot, Joelle Neizelien, Nouara Agher); Centre Médico-Chirurgical et Obstétrical, Schiltigheim, France; CHR American Memorial Hospital, Reims, 
France (Claire Pluchart*, Christine Rouger); APHP Groupe Hospitalier Pitié Salpêtrière, Paris, France (Roland Tubiana*, Manuela Bonmarchand, Luminata Shneider, Fabienne Caby, Ruxandra-Oana Calin, Christine Blanc, Catherine Lupin); Centre Hospitalier René Dubos, Pontoise, France (Anne Coursol*, Juliette Laurent, A Ferry, Martine Deschaud, Laurent Blum); APHP Hôpital Béclère, Clamart, France (Véronique Chambrin*, Philippe Labrune*, Laure Clech, Mariem Raho-Moussa); Centre Hospitalier Marc Jacquet, Melun, France (Isolde Pauly-Ravelly*, Thierry Jault, Soufiane Bouabdallah, Lydie Sanchez, Anita Sanchez); Centre Hospitalier Général, 
Evreux, France (Ama Johnson*, Agnès Louchard); APHP Hôpital Jean Verdier, Bondy, France (Eric Lachassine*, Laurence Benoist, Vincent Jeantils, Catherine Delannoy, , Amélie Benbara, Lionel Carbillon, Anne Borgne, Laurence Moreau, Fabienne Picard ); Centre Hospitalier de Meaux, Meaux, France (Leïla Karaoui*, Véronique Lefevre Elbert, Valérie Balaz); CHU de l’Archet, Nice, France (André Bongain*, Fabrice Monpoux*, Anne Deville, Eliane Galiba); Centre Hospitalier François Quesnay, Mantes La Jolie, France (Antoine Doumet*, Martine Joutel); CHU Hôpital Nord, Amiens, France (Jean-Luc Schmidt*, Nathalie Decaux); Hôpital de la 
Conception, Marseille, France (Ludovic Cravello*, Katia Errichiello); CHU de Brabois-Hôpital des Adultes, Vandoeuvre les Nancy, France (Claire Hubert*); APHP Hôpital Trousseau, Paris, France (Catherine Dollfus*, François Hervé, Marie-Dominique Tabone, Mary-France Courcoux, Guy Leverger, Gilles Kayem, , Aurélie Schnurgier, Aurore Jensen, Geneviève Vaudre); Hôpital Charles Nicolle, Rouen, France (Didier Pinquier*, Brigitte Clavier, Gaelle Pinto-Cardoso); APHP Hôpital Robert Debré, Paris, France (Albert Faye, Constance Borie*, , Martine Levine*, Sophie Matheron, Erianna Bellaton Marouts, Christine Boissinot, Sandrine Leveille, Marie 
Astride Boumediene, Dominique Garion); APHP Hôpital de Bicêtre, Le Kremlin-Bicêtre, France (Delphine Peretti*, Corinne Fourcade*, Claire Colmant, Ikram Jrad, Katia Bourdic); CHRU Hôpital Saint Jacques, Besançon, France (Catherine Chirouze*, Cécile Hafner Mauvais, Odile Catteau, Quentin Gardiennet); CHU de Nantes, Nantes, France (Véronique Reliquet*, Cécile Brunet-Cartier*, Norbert Winer, Edouard Vaucel, Audrey Rodallec, Elisabeth Garnier-André); CHRU Hôpital du Bocage, Dijon, France (Claire Briandet*); CHRU Hôpital Clemenceau, Caen, France (Jacques Brouard*, Pascale Goubin); Centre Hospitalier de Lagny, Lagny, France 
(Arnaud Chalvon Demersay*, Sylvie Tassi, Gaelle Lavarenne); Hôpital André Mignot, Le Chesnay, France (Véronique Hentgen*, Fabienne Messaoudi, Nathalie Carre, Mandovi Rajguru); CHRU de Tours, France (Louis, Bernard*, Zoha Maakroun, Gaëlle Fajole); Institut d'Hémato-Oncologie Pédiatrique, Lyon, France (Kamila Kebaïli*); Hôpital Nord, Saint Etienne, France (Kareen Billiemaz*, Cécile Fanget, Véronique Ronat); Centre Hospitalier Général, Bastia, France (Ramona Abrudan, Alice Moulin*); Centre Hospitalier Universitaire, Angers, France (Pascale Fialaire*, Stéphanie Proust, Sami Rehaim); Centre Hospitalier Régional, Orléans, France (Louis 
Mesnard, Evelyne Werner*, Nathalie Dukiel, Baya Desmergers); APHP Hôpital Lariboisière, Paris, France (Nicole Ciraru-Vigneron*, Geneviève Mouchnino, Julie Castaneda, Chrystelle Outteryck); CHR Arnaud de Villeneuve, Montpellier, France (Emmanuelle Vintejoux*, Muriel Lalande, Jacques Reynes, Michel Segondy); Centre Hospitalier Général, Orsay, France (Christiane De Gennes*); Centre Hospitalier de Saint Martin, St Martin, France (Cyril Clavel*, François Cazassus, Véronique Walter); CHR Jeanne de Flandres, Lille , France (Françoise Mazingue*, Yamina Hammou, Odile Paquiez, Sophie D’angelo, Faiza Ajana, Laurence Boquet); Centre 
Hospitalier Dron, Tourcoing, France (Faïza Ajana); CHU - Maison de la Femme et de l'Enfant, Fort de France, France (Yves Hatchuel*, Imad Nahri, Jenny Zebelus); CHU Dupuytren, Limoges, France (Claire Genet*, Sophie Ducroix-Roubert, Yves Aubrard, Anne Constanty, Pierre Weinbreck); Hôpital Intercommunal Sud Léman Valserine, Saint Julien, France (Emilie Piet*, Françoise Jacquier, Julie Robert); Centre Hospitalier Saint Nazaire Cité Sanitaire, Saint Nazaire, France (Christophe Michaud*, Hassan Safwan, Arnaud Boutet, Carole Grand-Courault); Groupe Hospitalier Saint Joseph, Paris, France (Fanny Autret*, Fakher Habibi, Elie Azria); Centre 
Hospitalier Léon Binet, Provins (Mohamed Abdelhadi*); Centre Hositalier Andrée Rosemon, Cayenne (Narcisse Elenga*); Hôpital Calmette, Lille, France (Laurence Bocket, Françoise Taillet); Centre Hospitalier de Béziers (Gilles Palenzuela*, Redouane Khadly ,Danielle Pierronnet,  Emmanuelle Dos-Santos); Centre Hospitalier de Narbonne (Selva David*); Hôpital Edouard Herriot, Lyon, France (Djamila Makhloufi*, Florence Brunel-Dalmas, Elisabeth Carbonnel-Delalande, Pierre Chiarello, Matthieu Godinot,  Sylvie Gilbert); Hôpital Femme Mère Enfant, Bron, France (Jérôme Massardier*, Hélène Gauthier-Moulinier) 

Table 1 – Association between ART and LEE 
Patients treated at conception 

Fig 1 – Selection of study population 

Table 2 – Association between ART and LEE 
Patients initiating ART during pregnancy 

*Adjusted for NRTIs, first CD4 and VL, BMI, year of delivery, twin pregnancy, and geographical origin 

N= 6597  

No info on ART 
N=14 

Date of initiation of 
ART unknown N=56 

No LFT available 
N=195 

No ART during 
pregnancy N=68 

Descriptive study of 
LEE N= 5748  

HBV+ N=422 
HCV+ N=90 

HBV+ HCV+ N=4 

Preeclampsia 

Treated at conception 
N=2972 

Starting ART during 
pregnancy N= 2776 

N=87 N=60 
Cholestasis of 

pregnancy 
N=63 N=62 
1st LFT > ULN 

N=93 N=119 

Treated at conception 
N=2729 

Starting ART during 
pregnancy N=2535 

First type of ART 
Single or dual NRTI         
Triple NRTI                      
NNRTI-based                   
PI based                            
Other 

First type of ART 
Single or dual NRTI         
Triple NRTI                      
NNRTI-based                   
PI based                            
Other 

Among PI-based ART 
Lopinavir/r 
Atazanavir/r 
Darunavir/r 
Nelfinavir 
Saquinavir/r 
Fosamprenavir/r 
Other 

Among PI-based ART 
Lopinavir/r 
Atazanavir/r 
Darunavir/r 
Nelfinavir 
Saquinavir/r 
Fosamprenavir/r 
Other 

N=160 
N=5 
N=66 
N=2261 
N=43 

N=30 
N=150 
N=654 
N=1763 
N=132 

N=694 
N=489 
N=221 
N=41 
N=52 
N=101 
N=165 

N=1638 
N=110 
N=80 
N=198 
N=126 
N=24 
N=85 

HR [95%CI] p AHR* [95% CI] p

PI-based 1 ref 0.004 1 ref 0.02

3 NRTI 0.2 [0.03-1.5] 0.4 [0.05-3.2]

NNRTI-based 0.5 [0.3-0.7] 0.5 [0.3-0.8]

Raltegravir-based 0.4 [0.05-2.6] 0.3 [0.04-1.9]

ART type

HR [95%CI] p AHR* [95% CI] p

Darunavir/r 1.5 [0.9-2.7] 0.01 1.3 [0.7-2.5] 0.03

Fosamprenavir/r 2.1 [0.9-5.1] 2.0 [0.7-5.5]

Atazanavir/r 0.9 [0.5-1.7] 0.8 [0.4-1.5]

Indinavir/r 0.9 [0.4-2.2] 0.7 [0.2-2.4]

Saquinavir/r 1.3 [0.8-2.1] 1.6 [0.9-2.6]

Lopinavir/r 1 ref 1 ref

Nelfinavir 0.3 [0.1-0.6] 0.3 [0.1-0.7]

Zidovudine 0.7 [0.5-0.9] 0.01 0.8 [0.5-1.5] NS

Lamivudine or 

Emtricitabine
0.9 [0.6-1.3] NS 1.0 [0.6-1.8] NS

Tenofovir 1.0 [0.7-1.5] NS 0.8 [0.4-1.5] NS

Abacavir 2.2 [1.5-3.2] <0.01 1.9 [0.98-3.6] 0.06

Didanosine 0.7 [0.2-2.1] NS 0.3 [0.03-1.7] NS

ART 

*Adjusted for first CD4 and VL, BMI, year of delivery, twin pregnancy, geographical origin, gestational 
age at ART initiation, number of ART sequence, and parity 


