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BIRTH

 Hypertensive 

disorders of 

pregnancy (Pre-

eclampsia/ecla

mpsia, PIH)

 Gestational DM

 Preterm 

birth

 Birth weight 

(LBW, SGA)

 Bone 

 Mitochondrial 

Toxicity

HIV/ARV



Hypertensive Disorders of Pregnancy

HTN= >140/90 x 2 four hours apart or 
>160/110 x 2 minutes apart

Pre-eclampsia/

Eclampsia
Chronic  HTN

Chronic HTN + 
Superimposed Pre-

eclampsia/Eclampsia
Gestational HTN

HTN    

+ 

 Proteinuria

OR

 Platelet < 100

 Cr >1.1 or 

doubling

 High LFTs

 Pulmonary 

Edema

 Neuro Sx’s

HTN prior 

to 

pregnancy

HTN prior to 

pregnancy 

+

Pre-eclampsia/ 

Eclampsia

HTN > 20 wks GA

without

 Proteinuria

 Platelet < 100

 Cr >1.1 or 

doubling

 High LFTs

 Pulmonary 

Edema

 Neuro Sx’s

ACOG. 2013.  Obstetrics Gynecol. Hypertension in Pregnancy



Hypertensive Disorders in Pregnancy

• Overall prevalence 

of pre-eclampsia 

worldwide = 2-8% 

(1987-2005)

• WITS – 1989-1994

▫ 9/634 (1.9%) PIH

▫ 4/634 (0.7%) pre-

eclampsia

ACOG. Diagnosis Management Preeclampsia Eclampsia.2002
Wallis A et al. Am J Hyperten. 2008

Duley L et al. Semin Perinatol. 2009.
Dolea C et al. Global Burden of Disease. 2000.

Stratton P et al. JAIDS. 1999
Sansone M et al. Obstet Gynecol. 2016



Calvert et al. PLOSOne. 2013



Calvert et al. PLOSOne. 2013

RR (95% CI) = 1.46 (1.03-

2.05) for Pregnancy-

induced HTN comparing 

HIV+ vs. HIV-



Pregnancy-induced HTN

RR (95% CI): 1.26 (0.87-1.83)

Pre-eclampsia:

RR (95% CI): 1.01 (0.87-1.18)

Eclampsia

RR (95% CI): 1.61 (0.14-18.68)

Browne et al. JAIDS 2015.



Pregnancy-induced HTN

RR (95% CI): 1.26 (0.87-1.83)

Pre-eclampsia:

RR (95% CI): 1.01 (0.87-1.18)

Eclampsia

RR (95% CI): 1.61 (0.14-18.68)

Browne et al. JAIDS 2015.

No association between HIV+ status and any of  the 

outcomes (PIH, Pre-eclampsia, or Eclampsia



Sansone et al. Obstet Gynecol. 2016



Sansone et al. Obstet Gynecol. 2016



Sansone et al. Obstet Gynecol. 2016



Machado E et al. J of Infection. 2014

Hypertensive Disorder in Pregnancy = 4.8% (73/1513)

Pre-eclampsia/ Eclampsia = 2.3% (35/1513)



Machado E et al. J of Infection. 2014

Hypertensive Disorder in Pregnancy = 4.8% (73/1513)

Pre-eclampsia/ Eclampsia = 2.3% (35/1513)



* Adjusted for age, race, intravenous drug use, multiple gestation, 

multiparity, tobacco smoking

Table. Multivariate Models Comparing HAART Use Prior to 

Pregnancy vs. No HAART Use Prior to Pregnancy Amongst 

HIV-infected Women Subgroup

Pre-eclampsia Pre-eclampsia or Fetal Death

aOR (95% CI) p value aOR (95% CI) p value

8.9 (1.7-45.5) 0.009 5.6 (1.7-18.1) 0.004



 Secondary analysis of 
extrapolated report data 
from “Saving Mothers 
Report 2014” in South 
Africa

 Between 2011-2013: 
o n=4452 maternal 

deaths overall
o n=640 maternal deaths due 

to hypertensive disorder of 
pregnancy (HDP)



Sebitloane et al. Obstet Gynecol. 2016

Amongst those not receiving 

combination ART: AIDS/CD4<200 

associated with LOWER risk than 

those with CD4>200

Amongst AIDS/CD4<200: Combination 

ART associated with HIGHER risk 

than those not receiving any ART

HIV+ (CD4>200) not requiring 

combination ART associated with 

LOWER risk than HIV-



Barrera et al. Nutrients. 2015.

AIDS

Immune Suppression

Immune Reconstitution

Via ART



Hypertensive Disorders of Pregnancy 

and HIV/ART
• Difficulty in accurate assessments of  

incidence across time and geography due to 

heterogeneity diagnosis

• Conflicting epidemiological evidence

• Increased inflammation likely plays a role in 

pre-elampsia

• Immune reconstitution with combination 

ART era may have an effect on increasing 

rates of  preeclampsia



Gestational Diabetes 
• 2-7% of  all pregnancies
• GDM and poor maternal outcomes:

▫ Gestational hypertension
▫ Pre-eclampsia/eclampsia
▫ Increased UTI
▫ Increased risk of  thyroid disease
▫ Increased risk of  diabetes post-partum

• GDM and fetal/infant outcomes:
▫ Congenital anomalies 
▫ Spontaneous abortion
▫ Preterm birth
▫ Macrosomia 
▫ IUGR/ SGA
▫ Neonatal hypoglycemia



Gestational Diabetes

• GDM and long term infant outcomes:

▫ Increased risk of developing obesity

Touger et al, Diabetes Care. 2005



Diagnostic thresholds for GDM Diagnosis

75g OGTT 100g OGTT

WHO ADA IADPSG Carpenter & 

Coustan

National 

Diabetes 

Data 

Group

Fasting 

(mg/dL)

126 92 92 95 105

1h --- 180 180 180 190

2h 140 153 153 155 165

3h --- 140 145

Criteria > 1 abn > 1 abn > 1 abn > 2 abn > 2 abn

WHO. Definition, Diagnosis and Classification of DM and its Complications: Report of a WHO Consultation. Geneva. 1999. 
ADA Position Statement. Diabetes Care. January 2011 and 2013.

IADPSG Consensus Panel Statement. Diabetes Care. March 2010.
Carpenter & Coustan. Am J Obstetrics & Gynecology. 1982.

National Diabetes Data Group. Classification and diagnosis of DM and other categories of glucose intolerance. Diabetes. 1979.
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No association between HIV infection and GDM



• Cameroon 

Study of HIV+ 

and HIV-

Pregnant 

Women

• n=316

• Rates GDM:

o HIV+   6.6% 

o HIV- 6.0% 

Jao et al. Diabetes Care. 2013. 



Soepnel et al. AIDS 2017.



Increased risk of GDM with 1st generation PI use vs. no PI exposure

Soepnel et al. AIDS 2017.



Soepnel et al. AIDS 2017.
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Soepnel et al. AIDS 2017.



Gestational Diabetes and HIV/ART

• Overall rates of  GDM in HIV+ and HIV-

women appear to be similar 

• However, large heterogeneity in ART used 

during pregnancy across studies

• 1st generation PIs potentially associated with 

GDM, but relevancy is unclear given 

increasing use of  other non-1st generation 

PI-based ART





Preterm 

Birth
Preconception 

ARVs?

Protease 
Inhibitors?

Other?

Combination 
ART?



n=19,585 (1990-2006)

Pediatric Spectrum of HIV Disease, European Collaborative 

Study, National Study of HIV in Pregnancy and Childhood

Townsend C et al BJOG 2010



n=19,585 (1990-2006)

Pediatric Spectrum of HIV Disease, European Collaborative 

Study, National Study of HIV in Pregnancy and Childhood

Townsend C et al BJOG 2010

aOR=1.49, 95% CI: 1.19-1.87 for combination 

ART vs. monotherapy (AZT primarily)



Chen J et al . JID. 2012



Chen J et al . JID. 2012

aOR=1.4, 95% CI: 1.2-1.8 for combination 

ART vs. AZT monotherapy



Sibiude J et al. CID 2012



Sibiude J et al. CID 2012

aOR=1.69, 95% CI: 1.38-2.07 for combination 

ART vs. AZT monotherapy



Kourtis et al. AIDS. 2007



Kourtis et al. AIDS. 2007

Increased risk with cART initiated prior to vs. 

during pregnancy (aOR=1.71, 95%CI: 1.09-2.67)

No association 

comparing 

monotherapy vs. 

combination ART 



Chen J et al . JID. 2012

Increased risk with cART initiated prior to vs. 

during pregnancy (aOR=1.2, 95%CI: 1.1-1.4)



Sibiude J et al. CID 2012

Increased risk with cART initiated prior to vs. 

during pregnancy (aOR=1.31, 95%CI: 1.11-1.55)



Watts et al. JID. 2013

U.S. PHACS SMARTT Cohort (n=1869)

For both overall preterm birth and spontaneous preterm birth, PI-

based ART vs. no ARV in 1st trimester associated with preterm birth



PI exposure

Cotter et al (2006) US Registry 1337 PI-based cART vs. non PI-

based cART

Increased risk preterm birth (OR=1.8, 95%CI: 

1.1-3.0) for PI vs. non PI-based 

Schulte et al (2007) US (PSD) Registry 8793 PI-based cART vs. dual 

therapy ART

Increased risk preterm birth (OR=1.21, 95%CI: 

1.04-1.40)

Grosch-Woerner et al 

(2008)

Germany Cohort 183 PI-based cART vs. AZT 

monotherapy

Increased risk preterm birth (OR=3.4, 95%CI: 

1.1-10.2) with PI-based cART

Szyld et al (2006) Latin 

America 

(NISDI)

Cohort 681 PI- vs. NNRTI- vs. 1-2 NRTI-

based ART 

No increased risk of preterm birth (OR=1.1, 

95%CI: 0.5-2.8 for PI; OR=0.6, 95%CI: 0.2-1.7 

for NNRTI)

Shapiro et al (2010) Botswana RCT 709 PI- vs. triple NRTI- vs 

NNRTI- based ART

Increased rate preterm birth in PI arm (23% vs. 

15% vs. 10%)

Watts et al (2013) US (PHACS) Cohort 1869 1st trimester PI vs. NNRTI 

vs.>3 NRTIs-based ART

Increased risk preterm birth with 1st trimester PI 

compared to no 1st trimester ARV use 

(OR=1.55, 95%CI: 1.16-2.07)

Kourtis et al (AIDS 

2007)

Multiple Meta analysis 11,224 PI-based vs. non-PI based Increased risk with PI vs. non-PI based cART

(aOR=1.35, 95%CI: 1.08-1.70)

Mesfin et al 

(Reproduc Health 

2016)

Multiple Meta analysis 23.490 PI-based vs. non PI-based Increased risk with PI vs. non PI-based cART

(aOR=1.32, 95%CI: 1.04-1.59)

Fowler et al (2016 

NEJM)

Multiple

PROMISE

RCT 3490 AZT-based ART 

(AZT/3TC/Lop/r) vs. AZT 

monotherapy

Increased risk AZT/3TC/Lop/r vs. AZT 

monotherapy (20.5% vs. 13.1%, p<0.001)

Koss et al (JAIDS 

2014)

Uganda 

PROMOTE

RCT 356 Lop/r-based ART vs. EFV-

based ART

No assoc with preterm birth when comparing 

Lop/r to EFV-based ART (OR=1.12, 95%CI: 

0.63-2.00)

Zash et al (CROI 

2017)

Botswana Observational 5087 1st trimester TDF/FTC/Lop/r

vs. TDF/FTC/EFV

1st trimester AZT/3TC/Lop/r 

vs. TDF/FTC/EFV

Increased risk for preterm and very preterm 

(<32 wks) for AZT/3TC/Lop/r vs. TDF/FTC/EFV; 

increased risk of preterm birth comparing 

TDF/FTC/Lop/r vs. TDF/FTC/EFV did not reach 

statistical significance but trended in same 

direction
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TDF/FTC/EFV

Increased risk for preterm and very preterm 

(<32 wks) for AZT/3TC/Lop/r vs. TDF/FTC/EFV; 
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Kourtis et al. AIDS. 2007

Meta-analysis (n=2556)



Kourtis et al. AIDS. 2007

Meta-analysis (n=2556)

Increased risk with PI vs. non-PI based 

combination ART (aOR=1.35, 95%CI: 1.08-1.70)



Meta-analysis

Mesfin Y et al. Reprod Health. 2016



Meta-analysis

Increased risk with PI vs. non-PI based 

combination ART (aOR=1.32, 95%CI: 1.04-1.59)

Mesfin Y et al. Reprod Health. 2016



Fowler et al. NEJM. 2016.



Fowler et al. NEJM. 2016.



Fowler et al. NEJM. 2016.



Fowler et al. NEJM. 2016.



TDF

FTC

EFV

(n=2503)

TDF

FTC

NVP (n=775)

AZT

3TC

NVP (n=1403)

TDF

FTC

Lop/r (n=237)

AZT

3TC

Lop/r

(n=169)

Preterm 

(<37 wks)

REF 0.9 (0.8-1.1) 1.2 (1.0 – 1.3) 1.1 (0.9-1.4) 1.4 (1.1-1.8)

Very 

Preterm 

(<32 wks)

REF 1.2 (0.8-1.8) 1.4 (1.1-2.0) 1.4 (0.8-2.5) 2.2 (1.3-3.8)

Adjusted Relative Risk of  Preterm Delivery in Women on combination ART 

prior to conception in Botswana

Adjusted for maternal age, education, gravida

Zash R et al. CROI 2017 Seattle. Abstract #25.



TDF

FTC

EFV

(n=2503)

TDF

FTC

NVP (n=775)

AZT

3TC

NVP (n=1403)

TDF

FTC

Lop/r (n=237)

AZT

3TC

Lop/r

(n=169)

Preterm 

(<37 wks)

REF

(22%)

0.9 (0.8-1.1)

(19%)

1.2 (1.0 – 1.3)

(25%)

1.1 (0.9-1.4)

(24%)

1.4 (1.1-1.8)

(30%)

Very 

Preterm 

(<32 wks)

REF

(4.1%)

1.2 (0.8-1.8)

(5.2%)

1.4 (1.1-2.0)

(5.9%)

1.4 (0.8-2.5)

(5.2%)

2.2 (1.3-3.8)

(9.0%)

Adjusted Relative Risk of  Preterm Delivery in Women on combination ART 

prior to conception in Botswana

Adjusted for maternal age, education, gravida

Zash R et al. CROI 2017 Seattle. Abstract #25.

5.2% VPTD 9.0% VPTD

PROMISE        6.0% VPTD 2.6% VPTD



In pregnant mice, PI-based ART 

resulted in significantly lower 

progesterone levels



Progesterone’s Role in Preterm Birth

• Implantation and placental formation early in 

pregnancy

• Maintains uterine quiescence later in 

pregnancy

• Anti-inflammatory effects which may improve 

tolerance of fetus allograft

• Supplementation in general population may 

reduce risk of preterm delivery in those with 

prior preterm delivery
Mendelson CR et al. Mol Endocrinol. 2009

Lachelin GCL et al. BJOG. 2009.
Johnson JW et al. NEJM. 1975.

Hassan SS et al. Ultrasound Obstet Gynecol. 2011



Preterm Birth and HIV/ART

• Early studies  observed signals for increased 

preterm birth with use of  combination ART, but 

large heterogeneity in ART regimens

• PIs appear to be associated with preterm birth 

when compared to non-PI ART which mostly 

include NNRTI-based or NRTI-based. 

• Few studies evaluating newer PIs or INSTIs

• Mechanisms by which PIs may affect preterm 

birth potentially include hormonal pathways via 

progesterone



Gaccioli F et al. Frontiers in Physiology. 2016



Habib 2008

Sperling 1998

Chotpitayasunondh 2001

Briand et al (2006)

Siberry 2012

Ransom 2013

Watts 2013

Nielsen-Saines 2012

Chen 2012

Ibieta 2009

ECS 2005

Ekouevi 2008

Powis 2011

Fowler 2016

Zash 2016

Moodley 2016

No association with 

Birth Weight Outcomes

Increased risk for poor Birth 

Weight Outcomes 

(SGA, LBW, Birth Weight Z)

Decreased risk for poor Birth 

Weight Outcomes 

(SGA, LBW, Birth Weight Z)

Major Studies Evaluating Birth Weight Outcomes by Geography and Results





TDF/FTC/EFV vs. no ARVs decreased the risk of SGA 

(aOR=0.25; 95% CI: 0.07-0.87; p=0.03)

d4T/3TC/NVP vs. no ARVs – similar trends  (p=0.06)



Zash et al. JAIDS.  2016



Zash et al. JAIDS.  2016

Risk reduction in SGA comparing TDF/FTC/EFV vs. all other 3-drug 

ART (aOR=0.5; 95% CI: 0.4-0.7)

Risk reduction in any adverse outcome comparing TDF/FTC/EFV 

vs. all other 3-drug ART (aOR=0.4; 95% CI: 0.3-0.6)



TDF

FTC

EFV

(n=2503)

TDF

FTC

NVP (n=775)

AZT

3TC

NVP (n=1403)

TDF

FTC

Lop/r (n=237)

AZT

3TC

Lop/r

(n=169)

SGA 

(<10th

percentile)

REF

(17%)

1.4 (1.2-1.7)

(25%)

1.7 (1.5 – 1.9)

(29%)

1.6 (1.3-2.0)

(28%)

1.1 (0.8-1.6)

(21%)

Very SGA 

(<3rd

percentile)

REF

(7.3%)

1.5 (1.2-1.9)

(11%)

1.8 (1.4-2.2)

(13%)

1.8 (1.3-2.6)

(14%)

1.7 (1.1-2.6)

(13%)

Adjusted Relative Risk of  SGA Infant Outcomes in Women on combination 

ART prior to conception in Botswana

Adjusted for maternal age, education, gravida

Zash R et al. CROI 2017 Seattle. Abstract #25.



BIRTH

 Hypertensive 

disorders of 

pregnancy (Pre-

eclampsia/ecla

mpsia, PIH)

 Gestational DM

 Preterm 

birth

 Birth weight 

(LBW, SGA)

 Bone 

 Mitochondrial 

Toxicity

HIV/ARV

TDF/TAF??



Tenofovir and Effects on Bone

 Effects on bone health 

 Concern for decreased bone mineral 

content 

 Compromised intrauterine growth and 

slightly decreased fetal bone porosity in 

infants born to high dose (30 mg/kg) TDF-

treated SIV-infected and –uninfected 

monkeys

Tarantal et al. JAIDS. 2002.
Siberry et al. CID. 2015



Jao et al. CID. 2016

South Africa MCH-ART Study (n=646)



Jao et al. CID. 2016

No association between duration of in utero 

TDF exposure and fetal long bone growth

South Africa MCH-ART Study (n=646)



 n=136 Infants

 Comparison: TDF/3TC/EFV (OPTION B+) vs. d4T or AZT/3TC/NVP

 Bone markers: 

 BAP and C-telopeptide of Type I Collagen at 6 mo, 12 mo

No differences in bone markers between TDF 

vs. non-TDF exposed infants



Lower mean BMC in TDF vs. non-TDF exposed 

infants (mean difference= -5.3, p=0.013)



Siberry G et al. CROI 2016 Boston. Abstract #36. 

AZT 

mono

AZT/3TC/Lop/r TDF/FTC/Lop/r

Mean LS-

BMC

1.73 g 1.64 g 1.72 g

Mean WB-

BMC

73.1 g 65.1 g 63.3 g

PROMISE 1084s substudy

• No differences between AZT/3TC/Lop/r vs. TDF/FTC/Lop/r

• Significantly LOWER mean WB-BMC in 

AZT/3TC/Lop/r vs. AZT mono 

TDF/FTC/Lop/r vs. AZT mono



Long chain fatty acids 

from diet or adipose

Fatty Acid Oxidation

Acetyl 

CoA

Krebs

Cycle

O
X
P
H
O
S

I

II

III

IV

V

glucose

pyruvatelactate

NRTIs DNA 

pol-ɣ
mtDNA

cytosol

mitochondrion

Proposed Mechanism of  NRTI Mitochondrial Toxicity

Konig et al. Antimicrob Agents Chem. 1989
Dalakas et al. NEJM 1990
Lewis et al. Circ Res. 1994

Kohler et al. Environ Mol Mutagen. 2007



Long chain fatty acids 

from diet or adipose

Fatty Acid Oxidation

Acetyl 
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Krebs

Cycle
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pol-ɣ
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X X X

Proposed Mechanism of  NRTI Mitochondrial Toxicity
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In utero HIV/ARV is associated with 

mitochondrial toxicity
Authors Study Sample 

size
Findings

Poirier et al 2003 WITS 30 Decreased mtDNA

Ross et al 2011 U.S. 46 Abnormal mtDNA levels
Decreased Complex II:IV

Gingelmaier et al 
2009

Germany 77 Decreased mtDNA
Decreased Complex II:IV

Aldrovandi et al 
2010

WITS, 
PACTG 1009

624 Abnormal mtDNA levels

Côté et al 2008 Canada 154 Increased mtDNA levels
Abnormal mitochondrial gene 
expression

McComsey et al 
2008

ACTG 5084 136 Increased mtDNA levels

Torres et al 2009 U.S. 108 Increased mitochondrial mutations



In utero HIV/ARV is associated with 

mitochondrial toxicity
Authors Study Sample 

size
Findings

Poirier et al 2003 WITS 30 Decreased mtDNA

Ross et al 2011 U.S. 46 Abnormal mtDNA levels
Decreased Complex II:IV

Gingelmaier et al 
2009

Germany 77 Decreased mtDNA
Decreased Complex II:IV

Aldrovandi et al 
2010

WITS, 
PACTG 1009

624 Abnormal mtDNA levels

Côté et al 2008 Canada 154 Increased mtDNA levels
Abnormal mitochondrial gene 
expression

McComsey et al 
2008

ACTG 5084 136 Increased mtDNA levels

Torres et al 2009 U.S. 108 Increased mitochondrial mutations

Most commonly recognized 

NRTI culprits: 

d4T

ddI

AZT



Birkhus et al. Antimicrob Agents Chemo. 2002



TAF does not decrease mtDNA levels 

Stray et al. Antimicrob Res. 2017



Some of the “Good” and the “Bad”

• Combination ART in conjunction with immune 
reconstitution may play role in increasing rates 
of  hypertensive disorders of  pregnancy since 
1990

• Older PIs may be associated with gestational 
DM

• PI use may be associated with preterm birth 
outcomes

• There is reassuring data on the safety of  TDF 
and potentially TAF in pregnancy with regards 
to early bone and mitochondrial effects



What’s the Unknown?
• SAFETY –
Which ART regimens have the least adverse effects?

• TIMING OF ART IN PREGNANCY –
What impact does this have on adverse outcomes?

• MONITORING OF HIV-INFECTED PREGNANT 
WOMEN & THEIR CHILDREN –
How and who to target? 

• MECHANISMS –
How much are adverse effects attributable to actual 

pathophysiology resulting from HIV/ARV and how 
much can be mitigated by improved antenatal and 
postnatal care?

• NEW ARVs –
What about newer drugs –Rilpivirine, Darunavir, 

Dolutegravir, Cabotegravir? 



THANK YOU


