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Background: Little data exist on the prevalence of gestational diabetes (GDM) in pregnant 

women living with HIV (WLHIV) in sub-Saharan Africa, particularly those using integrase strand 

transfer inhibitors such as dolutegravir (DTG).

Methods: We prospectively enrolled pregnant WLHIV and pregnant women without HIV ≥18 

years in Gaborone, Botswana, excluding those with pre-existing diabetes. We screened for GDM 

using a 75-g Oral Glucose Tolerance Test (OGTT) performed at 24–28 weeks gestation or at 

the earliest prenatal visit for those presenting after 28 weeks. Logistic regression models were 

fit to assess the association between maternal HIV infection and GDM. Subgroup analyses were 

performed among WLHIV to assess the association between maternal antiretroviral therapy (ART) 

in pregnancy [DTG vs. efavirenz (EFV) with tenofovir/emtricitabine] and GDM.

Results: Of 486 pregnant women, 66.5% were WLHIV. WLHIV were older than women without 

HIV (median age 30 vs 25 years, p<0.01). Among WLHIV, 97.8% had an HIV-1 RNA level 

<400 copies/mL at enrollment. Overall, 8.4% had GDM with rates similar between WLHIV and 

those without HIV (9.0% vs. 7.4%). WLHIV receiving DTG-based ART had a 60% lower risk for 

GDM compared to those on EFV-based ART (aOR=0.40, 95% CI=0.18, 0.92) after adjusting for 

confounders.

Conclusions: Pregnant WLHIV on ART in Botswana were not at increased risk for GDM 

compared to women without HIV. Among WLHIV, risk of GDM was lower with DTG- vs 

EFV-based ART. Further studies with larger cohorts are warranted to confirm these findings.
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INTRODUCTION

Gestational diabetes (GDM) is associated with future maternal risk for insulin resistance, 

Type 2 diabetes, and cardiovascular disease as well as obesity and insulin resistance in their 

offspring (1–5). The worldwide prevalence of GDM is estimated to be 1–28% depending 

on assessment methods (6). The prevalence is reported to be 4.6–9.2% in the United States 

and 3.8–7.8% in Europe (7, 8). Few studies have assessed the prevalence of GDM in Africa, 

where HIV prevalence is also high. In countries such as Botswana, approximately 25% of 

pregnant women are living with HIV, and overall rates of GDM have not been well studied 

(9).

Some smaller studies in Africa have shown no difference in rates of GDM between WLHIV 

and women without HIV, but few have evaluated GDM as optimized antiretroviral drugs 

(ARVs) are introduced in Africa (10, 11). While ARVs, in particular protease inhibitors 

(PIs), have been associated with adverse metabolic effects, studies have not been entirely 

consistent in demonstrating whether a particular ARV is associated with GDM. A recent 

meta-analysis concluded that the risk of GDM was increased with use of first-generation PIs 

compared to no PI use (12), while a study conducted in Spain reported a positive association 

between PI use and GDM (13).
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In sub-Saharan Africa, the use of non-nucleoside reverse transcriptase inhibitors (NNRTIs) 

(EFV in the last 5 years) during pregnancy has been the mainstay of first-line ART for 

adults living with HIV, including pregnant WLHIV. In 2016, Botswana’s national guidelines 

recommended dolutegravir (DTG), an integrase strand transfer inhibitor (INSTI), plus a 

tenofovir and emtricitabine backbone, as the preferred regimen for first-line ART for adults 

and pregnant WLHIV.(14) The World Health Organization followed suit in 2019 (15), and 

today DTG use is expanding globally in non-pregnant and pregnant individuals. There are, 

however, reports of hyperglycemia with dolutegravir use in non-pregnant adults (16) as 

well as concerns around gestational and postpartum weight gain in WLHIV (17–20). No 

studies have been published evaluating the prevalence of GDM in Botswana or in WLHIV 

on DTG-based ART in general. In this study, we assessed the association of maternal HIV 

infection with GDM and, among WLHIV, whether DTG-based ART compared to efavirenz 

(EFV)-based ART with similar ART backbones was associated with GDM in Botswana.

METHODS

Study Population

The Tshilo Dikotla Study is a prospective cohort examining metabolic outcomes of in utero 
HIV/ARV exposure. Pregnant WLHIV and pregnant women without HIV ≥18 years of 

age were enrolled between 16 – 36 weeks gestational age (GA) from antenatal clinics in 

Gaborone, Botswana between August 2016 and May 2019. In June 2016, Botswana National 

HIV Clinical Care guidelines recommended DTG be part of 1st-line ART in all adults living 

with HIV, including pregnant women (14). Hence, the Tshilo Dikotla study protocol required 

that all enrolled pregnant WLHIV should be receiving an ART regimen of DTG or EFV, 

with a backbone of tenofovir and emtricitabine for at least 4 weeks prior to delivery. Women 

with documented pre-existing diabetes mellitus or a multi-fetal pregnancy confirmed via 

ultrasound were excluded. Institutional Review Boards at the Ann and Robert H. Lurie 

Children’s Hospital of Chicago, Northwestern Feinberg School of Medicine, Massachusetts 

General Hospital, and the Health Research and Resource Development Committee in 

Botswana approved the protocol. All women provided written informed consent for their 

study participation and that of their infant prior to participating.

Primary Outcome

Women were screened for GDM using a 75-g Oral Glucose Tolerance Test (OGTT), 

performed at 24–28 weeks GA or at the earliest prenatal visit for those presenting after 

28 weeks GA. Fasting, 1-hour, and 2-hour plasma glucose levels were measured. GDM was 

defined as meeting any of the following criteria: fasting glucose ≥92 mg/dL, 1-hr glucose 

≥180 mg/dL, or 2-hr glucose ≥153 mg/dL (21).

Predictors of Interest

The primary predictor of interest was maternal HIV infection which was confirmed 

through medical record review, including documented evidence of ART prescription from 

the participant’s local Infectious Disease Care Clinic. Women who presented without 

documentation of HIV seronegativity within 3 months prior to enrollment underwent 

confirmatory HIV testing at enrollment. All HIV testing was performed using Unigold 
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Recombigen HIV-1/2 (Trinity Biotech, Ireland) and Alere® Determine™ HIV-1/2 (Alere 

Inc., Waltham, MA, USA) tests in parallel. HIV testing was repeated again after 32 weeks 

GA if the initial test during pregnancy was negative and occurred at <32 weeks GA 

in accordance with Botswana national guidelines (14). Among WLHIV, the predictor of 

interest was DTG- vs. EFV-based ART. Information on maternal ART history was obtained 

through questionnaires and confirmed through medical record review as described above.

Covariates

Sociodemographic data were obtained via questionnaire and included age, income, 

education level, and employment status. GA dating was confirmed via ultrasound. Maternal 

medical (including information on chronic hypertension), obstetric, and HIV histories 

were obtained through questionnaire and medical record review. Chronic hypertension 

was defined as documented hypertension or receipt of hypertensive medications prior to 

pregnancy. Height and weight were measured in a standardized fashion with duplicate 

measurements at each study visit using the same stadiometer and scale, respectively. Blood 

pressure was also measured in a standardized fashion using a digital sphygmomanometer. 

HIV RNA levels were measured using Abbott RealTime® HIV-1 RNA assays, and CD4 

cell counts using Facs Calibur™ flow cytometry at enrolment. Infant birth data, including 

anthropometrics, were abstracted from delivery records.

Statistical Methods

Characteristics between pregnant WLHIV and pregnant women without HIV were compared 

using Wilcoxon, Chi-square, or Fisher Exact tests, as appropriate. Infant birth weight 

and length Z scores were calculated using INTERGROWTH 21st standards (22). Logistic 

regression models were fit to estimate the unadjusted (OR) and adjusted Odds Ratios (aOR) 

with 95% Confidence Intervals (CI) for the association between the predictor of interest 

(maternal HIV status or maternal ART) and GDM. Variables considered to be potential 

confounders were those associated with both the outcome and predictor of interest at 

p ≤0.10, and these included maternal age, gravidity, body mass index (BMI), and CD4 

cell count, as well as ART duration during pregnancy. Subgroup analyses were performed 

among WLHIV to assess the association between maternal HIV treatment regimen use in 

pregnancy (DTG- vs. EFV-based ART]) and GDM. We also introduced an interaction term 

to determine whether being on ART prior to pregnancy modified the relationship between 

ART use in pregnancy (DTG- vs. EFV-based ART) and GDM. Lastly, sensitivity analyses 

were performed to assess whether results were similar when we adjusted for the cumulative 

duration of ART during the pregnancy at the time of OGTT. All statistical analyses were 

performed using SAS® version 9.4.

RESULTS

A total of 486 pregnant women were enrolled (323 WLHIV and 163 women without HIV). 

WLHIV were older than those without HIV (median age 30 vs 25 years, p<0.01), were more 

likely to have only completed secondary school as their highest education level (88.2 vs 

66.9% p<0.01), and had higher gravidity (median 3 vs 1, p<0.01) (Table 1a). BMI and rates 

of chronic hypertension prior to pregnancy between the two groups were similar (26.1 vs 
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25.9% p=0.76, 11 vs 2% p=0.24 respectively). Infant GA at delivery, infant birth weight and 

length, and rates of stillbirths did not differ between groups.

Among WLHIV, 39% were on EFV- and 61% on DTG-based ART. At the time of the OGTT 

47% had a CD4 cell count >500 cells/mm3, while 97.8% had an HIV-1 RNA level <400 

copies/mL (Table 1a). WLHIV receiving EFV-based ART were older than those receiving 

DTG- based ART (median 32 vs 28 years, p<0.01) (Table 1b). BMI and rates of chronic 

hypertension prior to pregnancy were similar between groups. Fewer women conceived on 

DTG-based ART (31.5 vs 87.3%, p<0.01), and the duration of ART during pregnancy was 

shorter among women on DTG-based ART compared to EFV-based ART (16.7 vs 27.6 

weeks, p< 0.01). Proportions of stillbirths, infant GA at delivery, and birth weight and length 

did not differ between WLHIV on DTG-based vs. EFV-based ART. Among WLHIV, two 

stillbirths occurred, and both were in WLHIV receiving TDF/FTC/DTG: one was secondary 

to gestational hypertension/pre-eclampsia and the other secondary to a nuchal cord. Neither 

of the WLHIV who had a stillbirth had GDM.

Overall, 8.4% of women had GDM, with rates similar between WLHIV and women without 

HIV (9.0% vs. 7.4%, p=0.61). This relationship persisted even after adjusting for age, 

highest education level, BMI and gravidity [adjusted Odds Ratio (aOR)=0.83, 95% CI=0.37, 

1.85] (Table 2a). BMI (aOR= 1.12, 95% CI=1.05, 1.18) and maternal age (aOR=1.10, 95% 

CI=1.04, 1.17) were also positively associated with risk of GDM.

In a subgroup analysis of WLHIV, rates of GDM were lower among women receiving 

DTG- vs EFV-based ART (6.1% vs 13.5%, p=0.03). After adjusting for age, BMI, gravidity, 

CD4 and whether ART had been started prior to pregnancy, WLHIV receiving DTG-based 

ART had a 66% lower risk for GDM compared to those on EFV-based ART (aOR=0.34, 

95% CI=0.12, 0.97) (Table 2b). BMI was also associated with increased risk for GDM 

(aOR=1.13, 95% CI=1.04, 1.22). When we introduced an interaction term to assess whether 

ART initiation prior to pregnancy modified the relationship between ART group (DTG- 

vs. EFV-based ART) and GDM, we found no effect modification (p=0.57), and therefore 

this interaction term was removed. In a sensitivity analysis where we also adjusted for 

the cumulative duration of ART during the pregnancy at the OGTT, this variable was not 

significant (aOR=0.97, 95%CI=0.93, 1.02) and did not change our finding of lower risk for 

GDM with DTG vs. EFV use (aOR=0.40, 95%CI: 0.18, 0.92). (Data not shown)

DISCUSSION

Our study is the first to compare GDM rates between pregnant WLHIV and pregnant women 

without HIV infection in Botswana as well as between pregnant WLHIV receiving DTG- 

vs EFV-based ART. We observed an overall GDM prevalence of 8.4%, with similar rates 

between WLHIV and HIV-uninfected women. However, compared to WLHIV receiving 

EFV-based ART, those receiving DTG-based ART had a significantly lower risk for GDM.

Our overall GDM rates are consistent with reported rates in the United States (7). In 

sub-Saharan Africa, there is minimal data on GDM using standardized or uniform screening 
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procedures. Our rates were consistent with those reported in Cameroon (6.3%), Nigeria 

(4.5–13.4%), Tanzania (4.5–7.7%), and South Africa (3.8–8.8%) (10, 11, 23, 24).

Our study found that rates of GDM did not differ between WLHIV and pregnant women 

without HIV. This is consistent with findings from a recent meta-analysis which showed no 

association between HIV infection and GDM (12) and a cross-sectional study conducted in 

Cameroon which reported similar GDM rates between WLHIV and HIV-uninfected women 

(11). In addition, an older study in Spain reported a GDM rate among WLHIV of 7% 

(25) which is congruent with the recently reported GDM rates of 8.6% (8) in the general 

population in Spain. However, other studies have reported higher rates of GDM in WLHIV 

compared to women without HIV, including a smaller German study that observed a GDM 

rate of 11% (26). This rate has not changed over the last decade, but appeared somewhat 

higher than rates (8–9%) (8) in neighboring European countries such as Austria, France, and 

Belgium. In addition, a recent study from India showed higher rates of GDM in WLHIV 

compared to HIV-uninfected women (27). It is important to note that both of these studies 

had more women on PI-based ART than ours (35% in the German study and 14% in the 

Indian study vs none in ours).

Among WLHIV, we found a GDM rate of 9.0% in Botswana, similar to that in WLHIV 

in Cameroon where the same GDM screening method was used. We also observed that 

women receiving DTG-based ART had significantly lower risk for GDM compared to those 

receiving EFV-based ART after adjustment. No current published data exist on GDM rates 

among WLHIV receiving DTG. Our observed rate of GDM among WLHIV on EFV-based 

ART was similar to rates observed in WLHIV receiving nevirapine-based ART in Cameroon 

(11).

Data on DTG (or other INSTIs) and dysglycemia currently are conflicting (16, 28, 29). In 

non-pregnant populations of adults living with HIV, switching to integrase strand transfer 

inhibitors (INSTI), such as DTG or raltegravir (RAL,) from a regimen containing a protease 

inhibitor, has been associated with improvement in insulin sensitivity (28). This may explain 

our observation of lower risk for GDM with DTG- vs. EFV-based ART. However, other 

reports have shown hyperglycemia with switch to DTG or a trend towards increased risk 

for diabetes with initiation of INSTIs compared to NNRTIs in non-pregnant adults (16, 

29). It is also interesting to note that the observed lower risk of GDM with DTG-based 

vs. EFV-based ART appears somewhat paradoxical to some studies which recently reported 

higher gestational weight gain with DTG vs. EFV use (17, 18). One explanation may be that 

the lower risk for GDM in WLHIV on DTG indicates higher first-phase insulin secretion 

during the third trimester in WLHIV receiving DTG compared to EFV. Improved insulin 

sensitivity is associated with higher first-phase insulin secretion (30) both of which likely 

enhance lipogenesis and the weight gain observed in pregnant WLHIV on DTG. It is unclear 

whether the gestational weight gain seen in WLHIV on DTG compared to EFV is primarily 

from increased subcutaneous adipose tissue and protective against ectopic fat deposition in 

the liver, but, even so, expanding or dysregulated subcutaneous adipose may, over the long 

term, adversely influences insulin sensitivity well after pregnancy despite a lower risk for 

GDM in pregnancy with DTG use.
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The association of EFV-based ART with higher risk for GDM could also be explained by 

mitochondrial toxicity reported with the use of NNRTIs, particularly EFV (31, 32). This 

mitochondrial dysfunction likely contributes to abnormalities in adipose tissue, including 

lipotoxicity in hepatic cells (31), and inflammatory pathways which are linked to GDM and 

type 2 diabetes (33).

Consistent with literature outlining traditional risk factors for type 2 diabetes and GDM in 

non-HIV populations, we observed that BMI was positively associated with GDM in all 

models (34, 35). In the United States, studies have observed that this association may be 

even more pronounced in African American women (34), underscoring the importance of 

our female African study population.

This study was limited by our inability to accurately measure the pre-pregnancy BMI or 

gestational weight gain. However, we adjusted for BMI measured at the time of the OGTT. 

In addition, due to the manner in which DTG was scaled up as 1st-line ART in 2016, 

women receiving DTG-based ART were less likely to have conceived on DTG-based ART. 

Therefore, we may not have been able to definitively disentangle the effects of ART from 

duration of HIV/ART. However, we adjusted for ART use at conception and also found no 

effect modification by this variable on the overall relationship between DTG vs. EFV use in 

pregnancy and lower risk for GDM. In addition, a sensitivity analysis showed similar results 

when we adjusted for the cumulative duration of ART during the pregnancy at the OGTT. 

These findings together lend support to the notion that differences in ART use at conception 

or cumulative duration of ART in pregnancy between WLHIV on DTG-based ART and 

those on EFV-based ART do not categorically invalidate our overall findings. Lastly, all 

of our study participants were black African, limiting the worldwide generalizability of 

our findings. Nonetheless, our results bridge an important gap in information on GDM in 

sub-Saharan Africa where currently the vast majority of WLHIV reside. In addition, among 

WLHIV in our study, the homogeneity in ART backbone allowed us to more accurately 

measure true differences in GDM between DTG and EFV.

In conclusion, overall rates of GDM in Botswana are similar to those in United States, 

with no differences between WLHIV and HIV-uninfected women. Among WLHIV, GDM 

risk was lower in WLHIV on DTG-based ART compared to those on EFV-based ART. 

Further and larger longitudinal studies are warranted to confirm our findings and monitor the 

long-term metabolic health of WLHIV after pregnancy.

ACKNOWLEDGMENTS

We would like to thank the women who participated in this study as well as the study staff for their support of this 
research.

FUNDING SOURCES

This study was funded by the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National 
Institutes of Health (NIH) through R01DK109881. M. Gerschenson was also funded by the National Institute 
of General Medicine Sciences, NIH grant # P20-GM113134. M. Geffner receives consultant fees from Gilead 
Sciences, Inc. Irwin Kurland was supported by the Stable Isotope and Metabolomics Core Facility of the Diabetes 
Research and Training Center (DRTC) of the Albert Einstein College of Medicine (NIH P60DK020541)

Mmasa et al. Page 7

HIV Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REFERENCES

1. Ben-Haroush A, Yogev Y, Hod M. Epidemiology of gestational diabetes mellitus and its association 
with Type 2 diabetes. Diabet Med. 2004;21(2):103–13. [PubMed: 14984444] 

2. Kramer CK, Campbell S, Retnakaran R. Gestational diabetes and the risk of cardiovascular disease 
in women: a systematic review and meta-analysis. Diabetologia. 2019;62(6):905–14. [PubMed: 
30843102] 

3. Li J, Song C, Li C, Liu P, Sun Z, Yang X. Increased risk of cardiovascular disease in women 
with prior gestational diabetes: A systematic review and meta-analysis. Diabetes Res Clin Pract. 
2018;140:324–38. [PubMed: 29655653] 

4. Scholtens DM, Kuang A, Lowe LP, Hamilton J, Lawrence JM, Lebenthal Y, et al.Hyperglycemia 
and Adverse Pregnancy Outcome Follow-up Study (HAPO FUS): Maternal Glycemia and 
Childhood Glucose Metabolism. Diabetes Care. 2019;42(3):381–92. [PubMed: 30617141] 

5. Longmore DK, Barr ELM, Lee IL, Barzi F, Kirkwood M, Whitbread C, et al.Maternal body mass 
index, excess gestational weight gain, and diabetes are positively associated with neonatal adiposity 
in the Pregnancy and Neonatal Diabetes Outcomes in Remote Australia (PANDORA) study. Pediatr 
Obes. 2019;14(4):e12490. [PubMed: 30650263] 

6. Jiwani A, Marseille E, Lohse N, Damm P, Hod M, Kahn JG. Gestational diabetes mellitus: results 
from a survey of country prevalence and practices. J Matern Fetal Neonatal Med. 2012;25(6):600–
10. [PubMed: 21762003] 

7. DeSisto CL, Kim SY, Sharma AJ. Prevalence estimates of gestational diabetes mellitus in the United 
States, Pregnancy Risk Assessment Monitoring System (PRAMS), 2007–2010. Prev Chronic Dis. 
2014;11:E104. [PubMed: 24945238] 

8. Eades CE, Cameron DM, Evans JMM. Prevalence of gestational diabetes mellitus in Europe: A 
meta-analysis. Diabetes Res Clin Pract. 2017;129:173–81. [PubMed: 28531829] 

9. UNICEF. UNICEF Data: Monitoring the Situation of Children and Women. https://data.unicef.org/
country/bwa/ [Accessed 8-Mar-17].

10. Mamabolo RL, Alberts M, Levitt NS, Delemarre-van de Waal HA, Steyn NP. Prevalence of 
gestational diabetes mellitus and the effect of weight on measures of insulin secretion and insulin 
resistance in third-trimester pregnant rural women residing in the Central Region of Limpopo 
Province, South Africa. Diabet Med. 2007;24(3):233–9. [PubMed: 17263763] 

11. Jao J, Wong M, Van Dyke RB, Geffner M, Nshom E, Palmer D, et al.Gestational diabetes mellitus 
in HIV-infected and -uninfected pregnant women in Cameroon. Diabetes Care. 2013;36(9):e141–
2. [PubMed: 23970721] 

12. Soepnel LM, Norris SA, Schrier VJ, Browne JL, Rijken MJ, Gray G, et al.The association between 
HIV, antiretroviral therapy, and gestational diabetes mellitus. AIDS. 2017;31(1):113–25. [PubMed: 
27677165] 

13. Marti C, Pena JM, Bates I, Madero R, de Jose I, Pallardo LF, et al.Obstetric and perinatal 
complications in HIV-infected women. Analysis of a cohort of 167 pregnancies between 1997 and 
2003. Acta Obstet Gynecol Scand. 2007;86(4):409–15. [PubMed: 17486461] 

14. Handbook of the Botswana 2016 integrated HIV clinical care guidelines. Gaborone: Botswana 
Ministry of Health, 2016. (Last accessed December 1, 2016 at https://aidsfree.usaid.gov/sites/
default/files/botswana_art_2016.pdf).

15. WHOUpdate of recommendations on first- and second-line antiretroviral regimens 2019. Accessed 
at https://www.who.int/hiv/pub/arv/arv-update-2019-policy/en/ on December 20, 2019.

16. Lamorde M, Atwiine M, Owarwo NC, Ddungu A, Laker EO, Mubiru F, et al.Dolutegravir­
associated hyperglycaemia in patients with HIV. Lancet HIV. 2020.

17. Caniglia E SR, Diseko M, Wylie B, Zera C, Davey S, Isaacson A, Mayondi G, Mabuta J, Luckett 
R, Makhema J, Mmalane M, Lockman S, Zash R, TheTsepamo Study. IAS July 2019, Mexico 
City Abs. LBPEB14. Weight gain during pregnancy among women initiating dolutegravir in 
Botswana, Abstract LBPEB14. Presented at the International AIDS Society (IAS), July 2019, 
Mexico City, Mexico. 2019.

18. Chinula L BS, Ziemba L, Stranix-Chibanda L, Coletti A, Krotje C, Jean-Philippe P, Fairlie L, 
Vhembo T, IMPAACT. SAFETY AND EFFICACY OF DTG VS EFV AND TDF VS TAF 

Mmasa et al. Page 8

HIV Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://data.unicef.org/country/bwa/
https://data.unicef.org/country/bwa/
https://aidsfree.usaid.gov/sites/default/files/botswana_art_2016.pdf
https://aidsfree.usaid.gov/sites/default/files/botswana_art_2016.pdf
https://www.who.int/hiv/pub/arv/arv-update-2019-policy/en/


IN PREGNANCY: IMPAACT 2010 TRIAL. Abstract 130. Presented at the Conference on 
Retroviruses and Opportunistic Infections (CROI), March 2020, Boston, MA, USA. 2020.

19. Malaba T CT, Kintu K, Papamichael C, Reynolds H, Nakibuka N, Waitt C, Hodel EM, Colbers A, 
Orrell C, Wang D, Lamorde M, Khoo S, Myer L. Postpartum weight changes in women initiating 
DTG vs EFV in pregnancy: DolPHIN-2. Poster 3202. Accepted for presentation at the Conference 
on Retroviruses and Opportunistic Infections (CROI), March 2020, Boston, MA, USA.

20. Jao J SS, Legbedze J, Jacobson D, Mmasa KN, Kgole S, Masasa G, Makhema J, Moyo S, 
Mmalane M, Banda F, Nkomo B, Gerschenson M, Abrams EJ, Powis KM.Dolutegravir Use is 
Associated with Higher Postpartum Weight Compared to Efavirenz. Abstract 2777. Accepted at 
the Conference on Retroviruses and Opportunistic Infections (CROI), March 2020, Boston, MA, 
USA.

21. American Diabetes Association. Standards of Medical Care in Diabetes 2017. Diabetes Care. 
2017;40, Supplement 1:S1–S135. [PubMed: 27979885] 

22. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et al.International 
standards for newborn weight, length, and head circumference by gestational age and 
sex: the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project. Lancet. 
2014;384(9946):857–68. [PubMed: 25209487] 

23. Schneider S, Bock C, Wetzel M, Maul H, Loerbroks A. The prevalence of gestational diabetes in 
advanced economies. J Perinat Med. 2012;0(0):1–10.

24. Mwanri AW, Kinabo J, Ramaiya K, Feskens EJ. Prevalence of gestational diabetes mellitus in 
urban and rural Tanzania. Diabetes Res Clin Pract. 2014;103(1):71–8. [PubMed: 24367971] 

25. Gonzalez-Tome MI, Ramos Amador JT, Guillen S, Solis I, Fernandez-Ibieta M, Munoz E, et 
al.Gestational diabetes mellitus in a cohort of HIV-1 infected women. HIV Med. 2008;9(10):868–
74. [PubMed: 18983478] 

26. Reitter A, Stucker AU, Linde R, Konigs C, Knecht G, Herrmann E, et al.Pregnancy complications 
in HIV-positive women: 11-year data from the Frankfurt HIV Cohort. HIV Med. 2014;15(9):525–
36. [PubMed: 24602285] 

27. Chebrolu P AM, Bhosale R, Naik S, Patil N, Gupta A, and Mathad JS. Factors Associated with 
Gestational Diabetes in HIV+ and HIV- Women in Pune, India. Abstract 4177. Presented at the 
Conference on Retroviruses and Opportunistic Infections (CROI), March 9, 2020, Boston, MA, 
USA.

28. Calza L, Colangeli V, Borderi M, Coladonato S, Tazza B, Bon I, et al.Improvement in insulin 
sensitivity and serum leptin concentration after the switch from a ritonavir-boosted PI to raltegravir 
or dolutegravir in non-diabetic HIV-infected patients. J Antimicrob Chemother. 2019;74(3):731–8. 
[PubMed: 30541118] 

29. Rebeiro P JC, Bian A, Lake J, Bourgi K, Horberg MA, Moore R, Altoff K, Klein M, Eron JJ, 
Gill MJ, Kitahata M, Napravnik S, Silverberg M, Mayor AM, Willig A, Floris-Moore M, Sterling 
T, Koethe JR. LB9. The Effect of Initiating Integrase Inhibitor-based vs. Non-Nucleoside Reverse 
Transcriptase Inhibitor-based Antiretroviral Therapy on Progression to Diabetes among North 
American Persons in HIV Care. Open forum infectious diseases. 2019;10; 6(Suppl 2): S996–S997; 
Published online 2019 Oct 23. doi: 10.1093/ofid/ofz415.2492.

30. Del Prato S, Tiengo A. The importance of first-phase insulin secretion: implications for the therapy 
of type 2 diabetes mellitus. Diabetes Metab Res Rev. 2001;17(3):164–74. [PubMed: 11424229] 

31. Blas-Garcia A, Apostolova N, Ballesteros D, Monleon D, Morales JM, Rocha M, et al.Inhibition 
of mitochondrial function by efavirenz increases lipid content in hepatic cells. Hepatology. 
2010;52(1):115–25. [PubMed: 20564379] 

32. Karamchand S, Leisegang R, Schomaker M, Maartens G, Walters L, Hislop M, et al.Risk 
Factors for Incident Diabetes in a Cohort Taking First-Line Nonnucleoside Reverse Transcriptase 
Inhibitor-Based Antiretroviral Therapy. Medicine (Baltimore). 2016;95(9):e2844. [PubMed: 
26945366] 

33. Perez-Molina JA, Domingo P, Martinez E, Moreno S. The role of efavirenz compared with 
protease inhibitors in the body fat changes associated with highly active antiretroviral therapy. J 
Antimicrob Chemother. 2008;62(2):234–45. [PubMed: 18480167] 

Mmasa et al. Page 9

HIV Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Shah A, Stotland NE, Cheng YW, Ramos GA, Caughey AB. The association between body mass 
index and gestational diabetes mellitus varies by race/ethnicity. Am J Perinatol. 2011;28(7):515–
20. [PubMed: 21404165] 

35. Bays HE, Chapman RH, Grandy S, Group SI. The relationship of body mass index to diabetes 
mellitus, hypertension and dyslipidaemia: comparison of data from two national surveys. Int J Clin 
Pract. 2007;61(5):737–47. [PubMed: 17493087] 

Mmasa et al. Page 10

HIV Med. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mmasa et al. Page 11

Table 1a.

Characteristics of Pregnant Women at Enrollment and their Infants at Birth by Maternal HIV Status

 Women living with HIV (n=323) Women without HIV (n=163) p-value

WOMEN 

Sociodemographic

Age (years) 30.0 (25.0 – 35.0) 25.0 (21.0 – 29.0) <0.01

Gestational age at OGTT (weeks) 28 (26 – 32 ) 27 (25 – 32) <0.01

Annual income (USD) 0.62

 >$1200 150 (46.4) 82 (50.3)

 $240 – $1199 33 (10.2) 20 (12.3)

 <$240 132 (40.9) 57 (35.0)

 Unsure/Unknown 8 (2.5) 4 (2.5)

Highest education secondary school or less 285 (88.2) 109 (66.9) <0.01

Married 19 (5.9) 18 (11.0) 0.05

Employed 163 (50.5) 76 (46.6) 0.44

Past Obstetric History

 Gravidity 3 (2 – 4) 1 (1 – 3) <0.01

 Chronic hypertension prior to pregnancy 11 (3.4) 2 (1.2) 0.24

Height (cm) 161 (156 – 165) 161 (157 – 165) 0.74

BMI
$
 (kg/m²) 26.1 (23.6 – 29.8) 25.9 (22.9 – 30.7) 0.76

Hypertensive at OGTT * 14 (4.3) 3 (1.8) 0.20

Preeclampsia 3 (1.0) 0 (0.0) 0.55

HIV Clinical Disease at OGTT

 CD4 cell count >500 (cells/mm3) 153 (47.4) --- ---

 HIV RNA level <400 (copies/mL) 316 (97.8) --- ---

 On ART at conception 172 (53.3) --- ---

 ART regimen

  TDF/FTC/DTG 197 (61.0) --- ---

  TDF/FTC/EFV 126 (39.0) --- ---

INFANTS 

Stillborn 2 (0.6) 3 (1.8) 0.34

Gestational age at delivery (weeks) 39 (37 – 40) 39 (37 – 40) 0.54

Birth weight z score −0.2 (−0.9 – 0.6) −0.1 (−0.8 – 0.5) 0.60

Birth length z score 1.2 ( 0.0 – 2.0) 1.3 (−0.0 – 2.4) 0.22
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Table 1b.

Characteristics of Pregnant Women Living with HIV at Enrollment and their Infants at Birth by Maternal ART 

Regimen in Pregnancy

 TDF/FTC/DTG (n=197) TDF/FTC/EFV (n=126) p-value

Sociodemographic

 Age (years) 28.0 (25.0 – 33.0) 32.0 (27.0 – 36.0) <0.01

 Gestational age at OGTT (weeks) 28 (26 – 32) 28 (25 – 32) 0.68

 Annual income (USD) 0.43

  >$1,200 90 (45.8) 60 (47.6)

  $240 – $1,199 19 (9.6) 14 (11.1)

  <$240 85 (43.1) 47 (37.3)

  Unsure/Unknown 3 (1.5) 5 (4.0)

 Highest education secondary school or less 169 (85.8) 116 (92.1) 0.11

 Married 7 (3.6) 12 (9.5) 0.03

 Employed 96 (48.7) 67 (53.2) 0.49

Past Obstetric History

 Gravidity 3 (2–3) 3 (2–4) 0.01

 Chronic hypertension prior to pregnancy 7 (3.6) 4 (3.2) 0.99

Height (cm) 161 (156 – 165) 161 (155 – 166) 0.75

BMI (kg/m2) 26.9 (23.3 – 31.1) 25.8 (22.8 – 29.5) 0.19

Hypertensive at OGTT * 12 (6.1) 2 (1.6) 0.09

Preeclampsia 2 (1.1) 1 (0.8) 0.99

HIV Clinical Disease at OGTT

 CD4 cell count >500 (cells/mm3) 85 (43.1) 68 (54.0) 0.16

 HIV RNA level (copies/mL) 1.6 (1.6 – 1.6) 1.6 (1.6 – 1.6) 0.24

 On ART at conception 62 (31.5) 110 (87.3) <0.01

 Duration on ART during pregnancy (weeks) 16.7 (10.6 – 25.7) 27.6 (25.3 – 31.6) <0.01

INFANTS 

Stillborn 2 (1.0) 0 (0.0) 0.53

Gestational age at delivery (weeks) 39 (37 – 40) 39 (37 – 40) 0.40

Birth weight z score −0.2 (−0.9 – 0.6) −0.2 (−0.9 – 0.7) 0.72

Birth length z score 1.1 (0.0 – 2.2) 1.2 (−0.0 – 1.9) 0.81

Continuous variables shown as median (interquartile range) and categorical variables shown as n (%).

*
Defined as systolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg.

$
BMI was obtained during pregnancy.

ART=Antiretroviral Therapy; BMI=Body Mass Index; DTG=dolutegravir; FTC=emcitritabine; GA=gestational age; OGTT=Oral Glucose 
Tolerance Test; TDF=tenofovir; USD=US Dollars
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Table 2a.

Multivariable Model Showing the Unadjusted and Adjusted Odds Ratios for the Association between Maternal 

HIV Status and Gestational Diabetes

Factor Unadjusted OR 95% CI Adjusted OR 95% CI

Maternal HIV infection vs.

no infection
a

1.24 (0.62, 2.50) 0.83 (0.37, 1.85)

Age (years) 1.12 (1.06, 1.19) 1.10 (1.04, 1.17)

Highest education level

 Secondary school or less 0.82 (0.38, 1.87) 0.70 (0.31, 1.60)

 Tertiary school or higher Ref ---

BMI (kg/m2) 1.13 (1.07, 1.19) 1.12 (1.05, 1.18)

Gravidity 1.34 (1.08, 1.65) 0.96 (0.72, 1.28)
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Table 2b.

Multivariable Model Showing the Unadjusted and Adjusted Odds Ratios for the Association of 

TDF/FTC/DTG vs. TDF/FTC/EFV use in Pregnancy with Gestational Diabetes Among Women Living with 

HIV

Factor Unadjusted OR 95% CI Adjusted OR 95% CI

TDF/FTC/DTG vs. TDF/FTC/EFV
b 0.42 (0.19, 0.90) 0.34 (0.12, 0.97)

Age (years) 1.07 (1.00, 1.15) 1.04 (0.95, 1.14)

BMI (kg/m2) 1.11 (1.04, 1.19) 1.13 (1.04, 1.22)

Gravidity 1.21 (0.93, 1.58) 0.96 (0.69, 1.34)

CD4>500 cells/mm3 0.89 (0.42, 1.92) 1.09 (0.48, 2.49)

On ART at conception 1.27 (0.59, 2.75) 0.64 (0.22, 1.86)

a
n=29 (9.0%) women living with HIV had GDM and n=12 (7.4%) women without HIV had GDM

b
n=12 (6.1%) women living with HIV receiving TDF/FTC/DTG had GDM and n=17 (13.5%) women living with HIV receiving TDF/FTC/EFV 

ART=Antiretroviral Treatment; BMI=Body Mass Index; CI=Confidence Interval; DTG=dolutegravir; EFV=efavirenz; FTC=emtricitabine; 
GDM=Gestational Diabetes Mellitus; OGTT=Oral Glucose Tolerance Test; OR=Odds Ratio
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