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Abstract 

Title of Dissertation: The Association of Antiretroviral Treatment and Early Menopause 

in Women Aging with the Human Immunodeficiency Virus 

Laura M. Bozzi, Doctor of Philosophy, 2021 

Dissertation Directed by: Susan dosReis, PhD, Professor and Vice Chair of Research, 

Department of Pharmaceutical Health Services Research  

 

Women living with HIV (WLWH) have irregular menses with several periods of 

prolonged amenorrhea but their risk of early menopause, clinically defined as before age 

45 years, is unknown. This is largely because there is no gold standard method to confirm 

menopause. Antimullerian hormone (AMH) is a biomarker indicative of ovarian reserve; 

however, no prior study has used this to confirm menopause. This study aimed to 1) 

confirm menopause using AMH; 2) determine if WLWH are at an increased risk of early 

menopause compared to at-risk, uninfected women; and 3) evaluate the relationship 

between time-varying ART use with early menopause in WLWH. Data were derived 

from the Women’s Interagency HIV Study, which had four enrollment waves from 1994 

through 2016 across 11 US clinic sites. Women were followed prospectively from their 

baseline visit until menopause confirmation, loss to follow up, or end of study 

(12/31/2018), whichever came first. The study cohort was women ages 18 or older with 

no history of: menopause; hysterectomy/uterine cancer/double oophorectomy; any type 

of cancer, except skin cancer. Women were censored if they experienced any 

aforementioned events in follow-up. The study measures confirm menopause were at 

least 12 months of amenorrhea without resumption of menses and an undetectable AMH 



 

 

(<0.10ng/mL). Age at menopause was determined upon confirmation of final menstrual 

period. A Cox Proportional Hazards model determined the risk of early menopause 

among WLWH relative to at-risk uninfected women. Marginal Structural Cox 

Proportional Hazards models with stabilized weights estimated the effect of >75% 

adherence to ART, modeled as a time-varying covariate, on the risk of early menopause.  

Age at confirmed menopause with undetectable AMH was 48.6±4.3 years as 

compared to 41.2±5.6 years for women with amenorrhea without menses resumption and 

detectable AMH. WLWH reached menopause at significantly earlier ages and had a two-

fold increased risk of experiencing early menopause than at-risk, uninfected women. 

There was a non-significant protective effect of ≥75% ART adherence on early 

menopause. AMH can improve the precision in determining age of menopause, which is 

an integral part of understanding the risk for early menopausal and future planning for 

postmenopausal care in WLWH.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Association of Antiretroviral Treatment and Early Menopause in Women Aging with 

the Human Immunodeficiency Virus 

 

 

 

 

 

 

by 

Laura M. Bozzi  

 

 

 

 

 

 

 

 

 

 

 

 

 

Dissertation submitted to the Faculty of the Graduate School of the  

University of Maryland, Baltimore in partial fulfillment 

of the requirements for the degree of 

Doctor of Philosophy 

 2021  



 

 

 

 

 

©Copyright 2021 by Laura M. Bozzi 

All Rights Reserved



iii 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my parents, Gina and Dino Bozzi, who inspire me everyday through their dedication 

to work and family; and to my brother, Frank, who continues to be my role model in life. 

Words cannot express what you mean to me. 

  



iv 

 

Acknowledgements  

First and foremost, I would like to thank Dr. Susan dosReis for being an incredible 

advisor. You were a mentor to me before I was even your student and continued to 

challenge me every day. I know now that I am a better researcher because of you and I 

will always be grateful for everything I learned from you. Any student in PHSR would be 

lucky to have you as their advisor.  

I would also like to thank my dissertation committee members. Thank you Dr. Soren 

Bentzen and Dr. Wendy Camelo Castillo for answering my methodological questions 

along the way and always being available to meet with me. Thank you Dr. Helen Cejtin 

for your help in capturing amenorrhea events in this population, your insight to women’s 

menstrual patterns was invaluable. Thank you Dr. Danya Qato for helping me to think 

through the implications of this work and how this relates to women living with HIV 

moving forward. Thank you Dr. Kristen Stafford for introducing me to WIHS and 

helping me to think through this project each step of the way, especially in terms of 

treatment regimens.  

I want to recognize the WIHS Gynocology and Aging working groups who were 

available to answer questions about the WIHS data and the T32 Epidemiology of Aging 

Training Grant who supported me in previous years of the PhD program, especially Jay 

Magaziner and Ann Gruber-Baldini. I also want to thank everyone at the PAVE Center, 

especially Dr. Julia Slejko. It has been a pleasure to work with each of you and thank you 

for allowing me the opportunity to work in patient preference research. Also, I want to 

thank everyone in the PHSR department, faculty, staff and students for their ongoing 

support. Especially Dr. Daniel Mullins, Jamie Hoots and everyone in the front office and 

business office who helped me through the AHRQ R36 grant submission. Also, I want to 

thank Colleen Day for supporting us students each step of the way.  

At PHSR, I was so lucky to have a supportive cohort in Maya Hanna, Husam Al 

Barmawi, Rahul Khairnar, and Juan-David Rueda and great friends in past and present 

students of Aakash Ghandi, Laura Gressler, Elisabeth Oehrlein, Aida Kuzucan, and of 

course Pryianka Gaitonde. I especially want to thank O’Mareen Spence who not only was 

my teamie in working with Dr. dosReis for years but also moved into the apartment 

above mine in the last few years of grad school.  

Along with my roommate Heather Mutchie and my friends Binny Bhandary, Eryn Dixon, 

Julia Thayer, and Courtney Chandler, the Redwood became my home away from home 

throughout graduate school and I would not have been able to get through the last few 

years without each of them. I also want to thank all my other friends across the country 

who have been a constant support system for me.  

Thank you to my amazing family – aunts, uncles and cousins – who have checked in all 

these years to see how I am and lend their support at all times. I especially want to thank 

my grandmother, the original Laura Bozzi whom I am named after, for encouraging me 

to pursue my dreams.  



v 

 

Lastly, and most importantly, I have to thank my incredible parents and my brother 

Frank. Both my parents are the first in their families to receive a college degree and they 

always guided my brother and I to pursue higher education. My parents were always an 

example of hard work, determination and perseverance and I am so lucky and grateful to 

have parents who supported me in anything I chose to do in life. And special thank you to 

my amazing brother who is always willing to listen to me and lend advice when needed. 

Thank you for being my sounding board and my conscience. I am eternally grateful to be 

a part of our core four.  

My dissertation was supported by the R36 Health Services Research Dissertation Grant 

(R36 HS027523) from the Agency for Healthcare Research and Quality. The data and 

specimens were collected and the property of the Women’s Interagency HIV Study, now 

the MACS/WIHS Combined Cohort Study (MWCCS). The views expressed in this 

dissertation are those of the author and do not represent the official views of the National 

Institutes of Health.  

Participating Sites:  

MWCCS (Principal Investigators): Atlanta CRS (Ighovwerha Ofotokun, Anandi Sheth, 

and Gina Wingood), U01-HL146241; Bronx CRS (Kathryn Anastos and Anjali Sharma), 

U01-HL146204; Brooklyn CRS (Deborah Gustafson and Tracey Wilson), U01-

HL146202; Data Analysis and Coordination Center (Gypsyamber D’Souza, 

Stephen Gange and Elizabeth Golub), U01-HL146193; Chicago-Cook County CRS 

(Mardge Cohen and Audrey French), U01-HL146245; Northern California CRS (Bradley 

Aouizerat, Jennifer Price, and Phyllis Tien), U01-HL146242; Los Angeles CRS (Roger 

Detels and Matthew Mimiaga), U01-HL146333; Metropolitan Washington CRS 

(Seble Kassaye and Daniel Merenstein), U01-HL146205; Miami CRS (Maria Alcaide, 

Margaret Fischl, and Deborah Jones), U01-HL146203; UAB-MS CRS (Mirjam-Colette 

Kempf, Jodie Dionne-Odom, and Deborah Konkle-Parker), U01-HL146192; UNC CRS 

(Adaora Adimora), U01-HL146194.  

Sponsoring Agencies:  

The MWCCS is funded primarily by the National Heart, Lung, and Blood Institute 

(NHLBI), with additional co-funding from the Eunice Kennedy Shriver National Institute 

Of Child Health & Human Development (NICHD), National Institute On Aging (NIA), 

National Institute Of Dental & Craniofacial Research (NIDCR), National Institute Of 

Allergy And Infectious Diseases (NIAID), National Institute Of Neurological Disorders 

And Stroke (NINDS), National Institute Of Mental Health (NIMH), National Institute On 

Drug Abuse (NIDA), National Institute Of Nursing Research (NINR), National Cancer 

Institute (NCI), National Institute on Alcohol Abuse and Alcoholism (NIAAA), National 

Institute on Deafness and Other Communication Disorders (NIDCD), National Institute 

of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institute on Minority 

Health and Health Disparities (NIMHD), and in coordination and alignment with the 

research priorities of the National Institutes of Health, Office of AIDS Research (OAR). 



vi 

 

MWCCS data collection is also supported by UL1-TR000004 (UCSF CTSA), UL1-

TR003098 (JHU ICTR), UL1-TR001881 (UCLA CTSI), P30-AI-050409 (Atlanta 

CFAR), P30-AI-073961 (Miami CFAR), P30-AI-050410 (UNC CFAR), P30-AI-027767 

(UAB CFAR), and P30-MH-116867 (Miami CHARM). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

Table of Contents 

 

List of Tables .......................................................................................................................x 

List of Figures ................................................................................................................... xii 

List of Abbreviations ....................................................................................................... xiii 

Chapter 1 Statement of the Problem, Specific Aims, and Background ...............................1 

1.1. Significance of the Problem ..................................................................................... 1 

1.2. Scientific Premise ..................................................................................................... 3 

1.3. Central Hypothesis and Research Questions ............................................................ 3 

1.4. Impact on the Field ................................................................................................... 4 

1.5. Epidemiology of Early Menopause in WLWH versus Uninfected Women ............ 5 

1.6. Existing Metrics for Determining Age of Menopause ............................................. 7 

1.6.1. Self-Reported Prolonged Amenorrhea and Resumption of Menses .................. 7 

1.6.2. Stages of Menopausal Transition ...................................................................... 8 

1.6.3. Biomarkers of Menopausal Transition .............................................................. 9 

1.7. HIV-Related Factors Contributing to Early Menopause ........................................ 13 

1.7.1. HIV-Related Risk Factors of Early Menopause in WLWH ............................ 13 

1.7.2. The Relationship between CD4+ Count, Viral Load, and Early Menopause.. 14 

1.8. Antiretroviral Therapy (ART) Contributing to Early Menopause ......................... 15 

1.9. Justification for the Study ...................................................................................... 17 

1.9.1. Key Gaps in the Literature ............................................................................... 17 

1.9.2. Scientific Premise and Causal Inference ......................................................... 19 

1.9.3. Potential Impact on the Field ........................................................................... 20 

1.10. Theoretical Framework ........................................................................................ 21 

1.11. Specific Aims and Conceptual Framework .......................................................... 23 

1.11.1. Specific Aims ................................................................................................ 23 

1.11.2. Conceptual Model for Specific Aims ............................................................ 25 

Chapter 2 The Utilization of Antimullerian Hormone in Confirming Menopausal Status 

Among Women Living with HIV and At-Risk, Uninfected Women ................................27 



viii 

 

2.1. Abstract .................................................................................................................. 27 

2.2. Introduction ............................................................................................................ 28 

2.3. Methods .................................................................................................................. 30 

2.3.1. Data Source...................................................................................................... 30 

2.3.2. Study Design and Population .......................................................................... 31 

2.3.3. Study Measures................................................................................................ 33 

2.3.4. Statistical Analysis .......................................................................................... 35 

2.4. Results .................................................................................................................... 38 

2.4.1. Overall Population Characteristics .................................................................. 38 

2.4.2. Sociodemographic and Enrollment Characteristics by Prolonged Amenorrhea

 ................................................................................................................................... 43 

2.4.3. Clinical and Social Characteristics by Prolonged Amenorrhea ....................... 43 

2.4.4. Concurrent Validity of Menopausal Status ..................................................... 43 

2.4.5. Age of Menopause ........................................................................................... 45 

2.4.6. Supplemental Analyses .................................................................................... 46 

2.5. Discussion .............................................................................................................. 47 

Chapter 3 Early Menopause in Women Living with HIV .................................................51 

3.1. Abstract .................................................................................................................. 51 

3.2. Introduction ............................................................................................................ 52 

3.3. Methods .................................................................................................................. 53 

3.3.1. Data Source...................................................................................................... 53 

3.3.2. Design and Study Cohort ................................................................................. 54 

3.3.3. Dependent Variable: Early Menopause ........................................................... 55 

3.3.4. Independent Variable: HIV Status ................................................................... 55 

3.3.5. Covariates ........................................................................................................ 55 

3.3.6. Statistical Analysis .......................................................................................... 56 

3.4. Results .................................................................................................................... 57 

3.4.1. Description of the Study Cohort ...................................................................... 57 

3.4.2. Comparison of Cohort Characteristics by HIV Status..................................... 60 

3.4.3. Age of Menopause ........................................................................................... 60 

3.4.4. Risk of Early Menopause by HIV Status......................................................... 61 

3.5. Discussion .............................................................................................................. 63 



ix 

 

Chapter 4 The Risk of Early Menopause with Time-Varying Antiretroviral Therapy 

Among Women Aging with HIV .......................................................................................66 

4.1. Abstract .................................................................................................................. 66 

4.2. Introduction ............................................................................................................ 67 

4.3. Methods .................................................................................................................. 68 

4.3.1. Data Source...................................................................................................... 68 

4.3.2. Study Design.................................................................................................... 69 

4.3.3. Study Cohort .................................................................................................... 70 

4.3.4. Dependent Variable: Early Menopause ........................................................... 72 

4.3.5. Independent Variable: ART Adherence .......................................................... 72 

4.3.6. Covariates ........................................................................................................ 72 

4.3.7. Directed Acyclic Graphs (DAG) ..................................................................... 73 

4.3.8. Statistical Analysis .......................................................................................... 74 

4.4. Results .................................................................................................................... 77 

4.4.1. Description of the Study Cohort ...................................................................... 77 

4.4.2. Comparison of Cohort Characteristics by ART Adherence ............................ 80 

4.4.3. Risk of Early Menopause by ART Adherence ................................................ 80 

4.5. Discussion .............................................................................................................. 82 

Chapter 5 Summary ...........................................................................................................86 

5.1. Public Health Implications ..................................................................................... 87 

5.2. Strengths and Limitations....................................................................................... 88 

5.3. Next Steps for Future Research .............................................................................. 89 

Appendix A: Aim 1 Supplemental Material ......................................................................91 

Appendix B: Aim 2 Supplemental Material ......................................................................95 

Appendix C: Aim 3 Supplemental Material ......................................................................97 

References ........................................................................................................................103 

 

 



x 

 

List of Tables  

Table 2.1: Sociodemographic and Enrollment Characteristics at Study Entry Among 

Women with and without Prolonged Amenorrhea ........................................................... 40 

Table 2.2: Clinical and Social Characteristics at Study Entry among Women with and 

without Prolonged Amenorrhea ........................................................................................ 42 

Table 2.3: Concordance Matrix of Menopausal Status: Antimullerian Hormone (AMH) 

prior to Final Menstrual Period vs. Prolonged Amenorrhea without Resumption of 

Menses* ............................................................................................................................ 44 

Table 2.4: Age of Menopause and Time to Final Menstrual Period Among Women with 

Prolonged Amenorrhea ..................................................................................................... 46 

Table 3.1: Baseline Sociodemographic Characteristics of WLWH and At-risk, Uninfected 

Women in the WIHS ......................................................................................................... 58 

Table 3.2: Baseline Clinical Characteristics of WLWH and At-risk, Uninfected Women 

in the WIHS ...................................................................................................................... 59 

Table 4.1: Sociodemographic Characteristics by ART Adherence of 1,955 WLWH at 

Study Entry in the WIHS .................................................................................................. 78 

Table 4.2: Clinical Characteristics in the Prior Six Months by ART Adherence of 1,955 

WLWH at Study Entry in the WIHS ................................................................................ 79 

Table 4.3: The Relationship between ART Adherence and Early Menopause among 

1,955 WLWH followed for 15,377 person-years in the WIHS. ....................................... 81 

Table A.1: Sociodemographic Characteristics at Study Entry Among Women with and 

without Self-reported Missing Menses ............................................................................. 91 

Table A.2: Sociodemographic Characteristics at Study Entry of Women without 

Prolonged Amenorrhea ..................................................................................................... 92 

Table A.3: Time to Last Menstrual Period and End of Study Among Women without 

Prolonged Amenorrhea ..................................................................................................... 94 

Table B.1: Martingale Residuals from Cox Proportional Hazards Model........................ 95 

Table B.2: Schoenfeld Residuals from Cox Proportional Hazards Model ....................... 96 

Table C.1: Denominator and Numerator Model Output for Inverse Probability of 

Treatment Weights, Primary Analysis .............................................................................. 97 

Table C.2: Parameter Estimates from Multinomial Logistic Regression Model for 

Probability of Censoring, Denominator Model for Weights and Numerator for 

Stabilization, Primary Analysis ........................................................................................ 98 

Table C.3: Distribution of Weights (Stabilized and Trimmed at 1st and 99th Percentiles) 

for ≥ 75% Adherence and ≥ 95% Adherence ................................................................... 99 



xi 

 

Table C.4: Sociodemographic and Clinical Characteristics at Study Entry for WLWH 

with Extreme and Untrimmed Weights .......................................................................... 102 

 

 

 

 

 

 



xii 

 

List of Figures  

Figure 1.1: Theoretical Framework of Modified Andersen’s Behavioral Model ............. 22 

Figure 1.2: Proposed Pathway for Lifestyle and HIV-Related Factors Influencing AMH

........................................................................................................................................... 25 

Figure 2.1: Exclusion Criteria ........................................................................................... 32 

Figure 2.2: Confirming Menopausal Status Using AMH ................................................. 35 

Figure 3.1: Time to Age at Menopause by HIV Status in the WIHS ............................... 61 

Figure 3.2: The Risk of Early Menopause in Women Living with HIV compared to At-

risk, Uninfected Women† .................................................................................................. 62 

Figure 4.1: Exclusion Criteria ........................................................................................... 71 

Figure 4.2: DAG Demonstrating the Causal Relationship between ART Adherence and 

Early Menopause .............................................................................................................. 73 

Figure A.1: AMH Values Prior to Final Menstrual Period for Women with High AMH 

and Prolonged Amenorrhea .............................................................................................. 93 

Figure C.1: Proportion of ART Adherent Users at Each Visit among WLWH in WIHS

......................................................................................................................................... 100 

Figure C.2: Proportion of WLWH Using ART Regimens at Each Visit in WIHS ........ 101 

 

  



xiii 

 

List of Abbreviations 

Acronym Definition 

AIDS Acquired Immunodeficiency Syndrome 

aHR Adjusted Hazard Ratio 

AMH Antimullerian Hormone 

ART Antiretroviral Therapy 

BMI Body Mass Index 

CARDIA Coronary Artery Risk Development in Young Adults 

CI Confidence Interval 

CM Concordance for Menopause 

CNM Concordance for No Menopause 

DAG DAG 

DM Discordance for Menopause 

DNM Discordance for No Menopause 

EOS End of Study 

FDA Food and Drug Administration 

FMP Final Menstrual Period 

FSH Follicle-Stimulating Hormone 

HAART Highly Active Antiretroviral Therapy 

HIV Human Immunodeficiency Virus 

HR Hazard Ratio 

HRT Hormone Replacement Therapy 

IDU Intravenous Drug Use 



xiv 

 

κ Kappa Statistic 

NNRTIs Non-nucleoside Reverse Transcriptase Inhibitors 

NRTIs Nucleoside/Nucleotide Reverse Transcriptase Inhibitors 

OR Odds Ratio 

POI Primary Ovarian Insufficiency 

RNA Ribonucleic Acid 

SA Sensitivity Analysis 

SD Standard Deviation 

SE Standard Error 

STRAW+10 Stages of Reproductive Aging Workshop 

WHO World Health Organization 

WIHS Women’s Interagency HIV Study 

WLWH Women Living with HIV 

 

  



 

1 

 

Chapter 1 Statement of the Problem, Specific Aims, and Background  

This dissertation project investigates whether antiretroviral therapy (ART) 

contributes to early menopause among women with Human Immunodeficiency Virus 

(HIV). The focus is the relationship between time-varying cumulative ART exposure and 

early menopause, defined as menopause prior to age 45 years, among women living with 

HIV (WLWH). The overarching approach for this study is two-fold. First, self-reported 

prolonged amenorrhea without resumption of menses is used in conjunction with 

antimullerian hormone (AMH) to determine the age of menopause. The purpose of this 

step is to prevent misclassification of menopausal status by comparing self-report of 

prolonged amenorrhea to a biomarker indicative of menopause. After confirming the age 

of menopause, the second step determines whether time-varying ART affects early 

menopause.  

1.1. Significance of the Problem 

Compared to the general population, WLWH may experience menopause at an 

earlier age. In the general population only 5% of women experience early menopause 

(i.e., between ages 40-45 years) and 1% experience premature menopause (i.e., before 

age 40).1 However, among WLWH, as many as 27% reach menopause before age 45.2 

The proportion of WLWH who experience menopause before the age of 40 is more than 

two times that of uninfected women (26% vs. 10%).3 The higher prevalence of early 

menopause among women with HIV relative to uninfected women raises public health 

concerns about the disproportionate risk for chronic health conditions (i.e., bone loss, 

fractures, and cardiovascular disease) that accompany menopause at an earlier age than 

normal.4–8 Given the impact of early menopause on chronic health conditions, there is a 
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critical need to investigate whether HIV or ART contribute to early menopause in 

WLWH.        

Cumulative ART exposure may decrease the risk of early menopause in WLWH. 

Santulli et al. found a positive relationship between cumulative ART exposure and AMH, 

a biomarker indicative of menopausal transition.9,10 However, little is known of the 

relationship between time-varying ART and early menopause, with cross-sectional 

studies finding no association between baseline ART and menopausal onset.2,3,11,12 The 

statistically insignificant findings between ART and early menopause in previous studies 

may be due to the definition of menopause, a self-reported measure which may 

misclassify a woman’s menopausal status.  

A critical barrier to addressing this research need is the ability to identify when 

women aging with HIV are transitioning into menopause. Prior studies among WLWH 

defined menopause based on self-reported prolonged amenorrhea without considering 

resumption of menses or biomarkers to confirm menopause status.2,3,11,13–15 In the 

Women’s Interagency HIV Study (WIHS), 38% of WLWH with at least 12 months of 

prolonged amenorrhea resumed menses.16 It is possible that using prolonged amenorrhea 

alone may have misclassified menopausal status, and thus, an objective measure of 

menopausal status is needed to better assess the association between ART with early 

menopause.2,3,11,13–16     

This dissertation will overcome this primary barrier to research this subject by 

using AMH to confirm age of menopause, which has been shown to estimate age at final 

menstrual period (FMP).15 AMH, in addition to the use of longitudinal data to determine 

potential resumption of menses during follow-up, will confirm menopausal status and 



3 

 

determine age at menopause. This menopause measure will allow for more accuracy than 

the previous definition and a less biased assessment of the association between time-

varying ART and early menopause. Understanding the relationship between time-varying 

ART exposure and early menopause among WLWH will inform future clinical decisions 

regarding disease and treatment management of post-menopausal outcomes. 

1.2. Scientific Premise  

The scientific premise for evaluating early menopause in association with ART is 

based on the rigor of prior research showing a) AMH levels are significantly lower in 

WLWH than in uninfected women and b) decreases in CD4+ count correspond with 

decreases in AMH levels, indicative of depletion of ovarian reserve. It is unknown how 

ART affects AMH levels, as research findings of the association between ART and early 

menopause have been inconsistent.9,12,15 However, the biological mechanism of action for 

ART is to increase CD4+ count, which may indirectly affect AMH. This is the theoretical 

basis motivating this dissertation research.   

1.3. Central Hypothesis and Research Questions  

The central hypothesis for this dissertation research is that WLWH with consistent ART 

use will be less likely to experience early menopause. My specific aims are:  

Specific Aim 1: To confirm age of menopause among WLWH and at-risk, uninfected 

women using AMH. 

An AMH level <0.10 ng/ml is recognized as undetectable and predictive of menopause 

approximately 3-5 years prior to FMP. I will use AMH prior to FMP to test the 

concurrent validity of self-reported menopause, as defined by at least 12 months of self-
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reported amenorrhea. I will utilize this measure to determine age of menopause, which 

will be used in subsequent aims.   

Specific Aim 2: To determine if WLWH have an increased risk of experiencing 

menopause earlier than at-risk, uninfected women.   

This aim will answer the research question “Are WLWH at a higher risk of experiencing 

early menopause (i.e., less than age 45 years) than uninfected women?”  

Specific Aim 3: To evaluate the relationship between time-varying ART use with early 

menopause among WLWH, adjusting for baseline and time-varying confounders. 

 This aim answers the research questions “What is the effect of ART on early 

menopause?” and “Is consistent ART use protective of early menopause?”  

1.4. Impact on the Field  

The overarching goal is to examine the association between ART and early 

menopause in WLWH. The expected methodological impact of this project is the 

validation of the self-reported measure of menopause commonly used in research. The 

validation of this measure will allow future researchers to determine age of menopause in 

order to identify whether WLWH are transitioning into menopause earlier than expected. 

The public health impact of this study addresses the WIHS Gynecology scientific 

working group’s aim “to determine the age of menopause in WIHS to allow coordination 

of studies assessing effect of menopause” and can aid in advancing research on post-

menopausal outcomes among WLWH. The expected clinical impact is to understand 

whether time-varying ART exposure negates the risk of early menopause in WLWH, thus 

delaying the onset of post-menopausal outcomes. 
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1.5. Epidemiology of Early Menopause in WLWH versus Uninfected Women 

Menopause is characterized by the natural cessation of menses, and not incurred 

via surgical procedures.1 Median age of menopause is 51 years, with natural menopause 

occurring between ages 45-55 years.1,18 Early menopause occurs in women ages 40-45 

years and occurs in approximately 5% of the general population.1 Premature menopause 

occurs among women less than age 40 years, approximately 1% of the general 

population.3 For this study, I will refer to early menopause as menopause occurring by 

age 45 years.  

Several studies demonstrated a higher prevalence of early menopause (i.e. prior to 

age 45 years) among WLWH compared to uninfected women.2,3,11,15 Among WLWH, as 

many as 27% reach menopause before age 45.2 The proportion of WLWH who 

experience menopause before the age of 40 is more than two times that of at-risk, 

uninfected women (26% vs. 10%).3  WLWH experience irregular menstrual cycles and 

are at risk of early menopause as HIV infection has previously been associated with 

menopause onset.3,19 In one study of WLWH in France among  362 WLWH from April 

15, 2007-February 29, 2008 who underwent menopause with 12% having menopause 

before age 40 years and 22% between ages 40-45 years.15 The authors also predicted the 

odds of reaching menopause in this population by age 40 and 45 years was 4.5% and 

11.3%, respectively.15 However, this study included primarily women of Caucasian 

ethnicity, which is not generalizable to WLWH in the US, which primarily consists of 

African-American and Latina women.20    

In another study of 667 Brazilian WLWH age 30 years and older, the majority of 

which were of nonwhite race/ethnicity, 24% reached menopause with the median age of 
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menopause of 48 years, and of those, 27% experienced early menopause.2 However, 

despite the high prevalence of early menopause in WLWH, the median age of menopause 

in this study occurred within the age range of natural menopause (i.e. 48 years).2 

However, Calvet et al. included only WLWH and did not have a comparison group. This 

study used a cross-sectional study design, which did not determine whether menses 

resumed in follow-up. These limitations may have affected the study measure of 

menopause and will be discussed in further detail in Section 3.2.1.  

In addition to Calvet et al., numerous studies demonstrated a higher prevalence of 

early menopause in WLWH compared to the general population, but a similar median age 

of menopause. For example, one study in Bronx, New York (NY), conducted from 

September 2001-September 2003 found that the median age of menopause among 

WLWH was 46 years compared to 47 years in uninfected women.3 Schoenbaum et al. 

mentioned that the average age of menopause in this study may be younger than typically 

seen in the general population (approximately age 50-52 years) because both the WLWH 

and uninfected women in this study  reflect minority women living in urban 

environments with high unemployment as compared to middle-class, predominately 

white American women in the general population.3 Regardless, this study found a similar 

age of menopause as Calvet et al. and, like the aforementioned study, the majority of 

WLWH were nonwhite race/ethnicity, reflective of WLWH in the US.2,3 Also, Calvet et 

al. and Schoenbaum et al. used cross-sectional data and a similar definition of 

menopause, without examining resumption of menses during follow-up.2,3   

Lastly, two other studies examined the median age of menopause among WLWH 

in urban, nonwhite populations. Ferreira et al. determined that the median age of 
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menopause among 96 Brazilian WLWH was 47.5 years and Fantry et al. found the 

median age of menopause was 50 years old among 120 WLWH in Baltimore from July 

2001-March 2002.11,13 Despite both studies using study populations similar to the WIHS, 

both studies had a small sample size, and like Schoenbaum and Calvet et al, used the 

menopause definition of 12 months of prolonged amenorrhea without determining 

whether menses resumed in follow-up.11,13 Although the median age of menopause 

among WLWH and uninfected populations were similar, limitations of these study 

measures may cause concern as to whether the age of menopause between the two 

populations are different. In order to ascertain whether WLWH are more likely to 

experience early menopause, age of menopause needs to be appropriately determined and 

in order to do so, further insight of existing algorithms indicative of menopausal 

transition and biomarkers determining ovarian reserve is warranted.  

1.6. Existing Metrics for Determining Age of Menopause 

1.6.1. Self-Reported Prolonged Amenorrhea and Resumption of Menses 

As defined by the World Health Organization (WHO), menopause consists of at 

least 12 months of prolonged amenorrhea following final menstrual period (FMP).1 

Previous studies examining the median age of menopause and prevalence of early 

menopause in WLWH used this definition.2,3,11,13,15 These studies used self-report data to 

determine FMP, with subjects reporting at least 12 months of prolonged amenorrhea. 

Self-report data, which is subject to recall bias, is not sufficient to determine age of 

menopause.21 Also, the studies highlighted in Section 3.1. used cross-sectional study 

designs and did not prospectively follow women to determine whether they resumed 

menses during follow-up.2,3,11,13,15  
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Longitudinal data may aid in determining the age of menopause. Cejtin et al. 

found that one third of WLWH resumed menses following 12 months of prolonged 

amenorrhea.16 Furthermore, among WLWH who did not resume menses following 

prolonged amenorrhea, the mean age of WLWH was significantly younger (age 46.6 

years) than uninfected women (age 49.6 years).16 Therefore, when accounting for 

resumption of menses following prolonged amenorrhea, there is a significant difference 

in the age of menopause between WLWH and uninfected women. This suggests that the 

WHO definition of menopause recorded at one time-point may not reflect the variability 

in menopausal transition among WLWH and longitudinal data regarding the menopausal 

transition must be accounted for.  

1.6.2. Stages of Menopausal Transition 

The period of menopausal transition, known as perimenopause, includes endocrine 

biomarker changes, variable cycle length (i.e. less than 3 days or greater than 7 days) and 

amenorrhea, defined by absence of menses.1,19,22 According to the Stages of Reproductive 

Aging Workshop (STRAW+10) criteria, FMP is the key indication of the menopausal 

transition marking the end of perimenopause and the beginning of the postmenopausal 

stage.19,22 FMP is followed by 12 months without menses, defined as prolonged 

amenorrhea.22 The stage after the FMP is known as the post-menopausal period. 22 

STRAW+10 criteria, regarded as the gold standard of reproductive aging, is an 

advised assessment of variable menstrual cycle length, supported by numerous endocrine 

biomarkers and menopausal symptoms.19,23,24 However, when developing the 

STRAW+10 model, researchers evaluated healthy women and therefore, this criteria may 

not apply to women with chronic diseases (e.g. HIV) nor who have undergone 
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chemotherapy.19,23,24 This also does not include women with primary ovarian 

insufficiency (POI), defined as at least four months of amenorrhea prior to age 40 years 

or polycystic ovarian syndrome.19 Women with existing comorbid conditions (i.e. HIV) 

could have irregular bleeding patterns or prolonged amenorrhea, making it difficult for 

clinicians to evaluate menstrual cycle bleeding patterns within stages of menopausal 

transition.16,18 Changes in endocrine biomarkers can also aid in confirming menopausal 

status among WLWH transitioning into menopause.14,16,22  

1.6.3. Biomarkers of Menopausal Transition 

Biomarkers that indicate ovarian reserve depletion can be used to detect 

menopausal transition. These include follicle stimulating hormone, estradiol, inhibin B, 

and AMH. 

1.6.3a. Follicle stimulating hormone (FSH) 

 Follicle stimulating hormone (FSH), produced by the pituitary gland, responds to 

gonadotropin-releasing hormone, monitors ovarian follicle supply, and is correlated with 

age-declining fertility.10,18 FSH should be measured within five days of the onset of 

menses to predict FMP.18  

FSH is considered an indirect measure of follicular reserve because it varies 

throughout the normal menstrual cycle due to the hormone’s dependency on the number 

of antral follicles. During the late reproductive stage and early menopausal transition, 

FSH becomes elevated (>25 IU/L).19,25 In addition to increased values, FSH continues to 

fluctuate during the menstrual cycle, making this biomarker challenging to interpret.18 

For example, during a 28-day menstrual cycle, it can fluctuate 10-fold.18 Although five 

days prior to menses is most consistent and accurate time to measure FSH, this measure 
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could be unreliable for women who do not have regular menstrual cycles and/or are 

experiencing prolonged amenorrhea and as a result, FSH is often measured on day three 

of menses in clinical practice.   

1.6.3b. Estradiol 

Estradiol is an estrogen steroid hormone produced by ovarian follicles and 

regulates FSH.25 Like FSH, estradiol also fluctuates according to the menstrual cycle but 

rather decreases throughout menopausal transition.18,19 Both FSH and estradiol stabilize 

post-menopause, approximately 2 years after FMP.19   

2.6.3c. Inhibin B 

Low levels of Inhibin B, the principal regulator of FSH, is also indicative of 

ovarian aging.10,18 However, like the other two hormones, inhibin B also fluctuates during 

the menstrual cycle and has previously been associated with high body mass index and 

African-American race/ethnicity.10,18  

2.6.3d. Antimullerian Hormone (AMH) 

AMH is a dimeric glycoprotein member of the transforming growth factor-β 

family secreted only once primordial follicle growth activation has occurred.18,26,27 

Secreted by the granulosa cells of the preantral follicles, AMH regulates the development 

of preantral follicles and inhibits the FSH sensitivity of antral follicles.18,26,27 Unlike FSH 

and estradiol, AMH does not vary with menstrual cycle patterns and thus is a more direct 

and stable indicator of ovarian reserve and predictor of FMP.18,19 When used in 

combination with age, previous studies demonstrated that AMH is advantageous to antral 

follicle count and FSH in predicting onset of menopause.27–29  Since AMH is a relatively 
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new test utilized by clinicians and there is no universal threshold for AMH levels, patient 

age and menstrual patterns should be analyzed in conjunction with AMH.      

STRAW+10 criteria incorporated AMH due its association stages of reproductive 

aging.19,27 AMH levels peak when women are in their late 20’s and early 30’s, and 

decline with follicle loss, with low levels suggestive of menopause.18,30 AMH levels peak 

at age 25 and decline with age, at a rate of approximately 5.6% per year.28,30–33 Bertone-

Johnson et al. followed 491 registered nurses in the US for up to 15 years and 

demonstrated that each decrease of AMH by 0.10 ng/mL was associated with 14% 

increased risk of early menopause.34     

As a marker of ovarian reserve, AMH has also been used to predict time to 

menopause.29,35,36 Previous studies found that serum AMH decreases to undetectable 

limits (below 0.2 ng/mL) approximately five years prior to menopause. 28,29,31,36–38  The 

Coronary Artery Risk Development in Young Adults (CARDIA) Women’s Study 

followed 1,123 women for up to nine years and determined that an AMH level decrease 

of 0.5 ng/dL was associated with an 8.1-fold increased risk of menopausal onset within 

three years of the AMH measurement.39 The risk of menopausal onset decreased across 

the nine-year follow-up.39  

Previous studies found AMH to be predictive of menopause in WLWH as well.9,17 

In one study performed using WIHS data, among 2,461 WLWH recruited from 1993-

1994 and 2001-2002, higher AMH at age 40 years was associated with a 1.5-year 

increase in age of FMP, for every doubling in AMH (p-value <0.0001).17 This study 

found that WLWH with an AMH level below 0.2 ng/mL had a median age of FMP at 

44.7 years and undetectable AMH was predictive of FMP when measured approximately 
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3-5 years prior to FMP.17 In both the general population and WLWH, AMH is predictive 

of menopausal onset approximately 3-5 years prior to FMP.17,39  

Across studies, WLWH have lower AMH levels than uninfected women.9,12,14 

One study with WIHS data found AMH levels were consistently lower at all ages in 

WLWH compared to uninfected women, with the mean AMH at age 40 years at 0.42 

ng/mL and 0.63 ng/mL, respectively.14 In a French tertiary university center, among 

women requesting assisted reproductive technology, Santulli et al. found that AMH was 

lower in WLWH than uninfected women.9 Although Santuili et al. used the same 

calibration threshold as Scherzer et al., Santulli et al. reported the mean AMH for age-

matched WLWH and uninfected women (3.0 vs. 3.7 ng/mL, respectively) and thus, the 

level of magnitude cannot be compared across studies. Despite the fact that this study 

included a subpopulation of WLWH (i.e. only women requesting assisted reproductive 

technology), Santulli et al. included women of predominantly African descent, similar to 

the demographic of WIHS subjects.9        

Finally, Wessman et al. compared AMH levels between Caucasian WLWH and 

age-matched controls of Caucasian hospital female employees in Denmark using a 

different calibration threshold than the previous two studies (pmol/L). They also found 

AMH levels were significantly lower in WLWH compared to controls (p=0.03).12 

However, this study only examined AMH values at one time-point and did not examine 

temporal changes in AMH. Also, due to the demographic population of Denmark, 

Wessman et al. only examined Caucasian subjects. Women of African descent have 

significantly lower AMH levels than women of Caucasian race/ethnicity and thus, the 

results are Wessman et al. may not be reflective to the US population of WLWH.40 
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However, these findings are similar to Scherzer et al. and Santulli et al., suggesting that 

WLWH have lower AMH levels than uninfected women, regardless of race/ethnicity. 

Thus, WLWH may be at risk of entering menopause earlier than uninfected women. 

The relationship between AMH and menopause has been established among 

WLWH and the general population. This biomarker is more accurate than other 

endocrine biomarkers in predicting menopause and can be used to confirm self-reported 

prolonged amenorrhea. I will utilize AMH prior to FMP to confirm age of menopause 

identified through self-reported prolonged amenorrhea, using longitudinal data to provide 

sufficient follow-up time in order to ensure cessation of menses. This measure will be 

used in subsequent aims to define early menopause.  

1.7. HIV-Related Factors Contributing to Early Menopause  

1.7.1. HIV-Related Risk Factors of Early Menopause in WLWH 

Although the cause of early menopause is unknown, risk factors of early 

menopause in the general population include: body mass index (BMI), smoking, low 

physical activity, race/ethnicity, and recreational drug use.2,14–16,41 Also, parity, mother’s 

age of menopause, irregularity of menstrual cycles, and low educational level and 

household income have previously been associated with age of menopause.3,18,42–45 These 

factors contribute to early menopause in the general population and are associated with 

age of menopausal onset among WLWH.3,9,13,15 Other factors previously associated with 

early menopause among WLWH include current smoking, Hepatitis C coinfection, and 

age at menarche less than 11 years.2,17   
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1.7.2. The Relationship between CD4+ Count, Viral Load, and Early Menopause  

A lymphocyte count indicative of immunodeficiency, CD4+ count, is a strong 

predictor of HIV progression. A CD4+ count <500 cell/mm3 indicates 

immunocompromised whereas CD4+ <200 cells/mm3 indicates progression to Acquired 

Immunodeficiency Syndrome (AIDS). In addition to CD4+ count, another biomarker is 

detectable Ribonucleic Acid (RNA) viral load (copies/mL), which measures the 

circulating virons in the blood.16,46 CD4+ count and viral load can be used to monitor a 

person’s response to ART, and without treatment, HIV disease progression can be 

fatal.46,47  

Disease severity has been shown to contribute to onset of menopause at an earlier 

age. Schoenbaum et al. found that a CD4+ count <200 cells/mm3 was significantly 

associated with the median age of menopausal onset of 42.5 years (p-value=0.009).3 

Calvet et al. found that CD4+ count below 50 cells/mm3 was associated with earlier age 

of menopause and the outcome of early menopause among Brazilian WLWH.2 Despite 

previous studies demonstrating the relationship between low CD4+ count and earlier age 

of menopause among WLWH, little research has examined the relationship between HIV 

RNA viral load and early menopause.    

While there is a lack of research exploring the relationship between HIV-related 

factors and early menopause, previous studies assessed the relationship between these 

disease-related factors and AMH. As previously mentioned, Santulli et al. found lower 

AMH in WLWH than uninfected controls matched on age and cause of infertility in 

addition to increased age, BMI, and high HIV RNA viral load associated with decreased 

AMH.9 Also, Santulli et al. found a positive relationship with between CD4+ count and 
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AMH.9 This suggests that either HIV viral load itself or its relation to CD4+ count may 

impact ovarian function.9 However, this study only included women requesting assisted 

reproductive technology and these findings may not be generalizable to all WLWH. One 

study using WIHS data examined 2,621 WLWH and 941 uninfected women recruited in 

1993-1994 and 2001-2002 and demonstrated that increased CD4+ was associated with 

increased AMH in WLWH.14 However, the temporality of these AMH measures is 

unknown.14 Scherzer et al. also found that older age, Caucasian ethnicity, and increased 

BMI were associated with decreased AMH.14 Despite differences between the two 

studies, both Santulli et al. and Scherzer et al. demonstrated the same direction in the 

associations between older age, decreased CD4+ count, and increased BMI with 

decreased AMH.9,14 Although some studies have found an association between CD4+ 

count and AMH, the contribution CD4+ count and other disease-related factors in early 

menopause is largely unknown.2,3,9,14     

1.8. Antiretroviral Therapy (ART) Contributing to Early Menopause  

 In the HIV epidemic of the 1980s and early 1990s, initial HIV treatment consisted 

of single agent nucleoside analogues, which initially managed disease progression but not 

tolerable or durable in the long-term, due to toxicity and mutation of the virus causing 

resistance to medication over time.48,49  Highly active antiretroviral therapy (HAART) or 

combination therapy first arrived in 1997 and included medications from different 

therapeutic classes taken together in order to prevent HIV replication and drug 

resistance.48 Prior to 1997, people living with HIV only could obtain HAART if they 

were enrolled in clinical trials.50 Now more commonly known as ART, treatment consists 

of a combination of at least three drugs from different therapeutic classes including entry 
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inhibitors, protease inhibitors, nucleoside/nucleotide reverse-transcriptase inhibitors 

(NRTIs), non-nucleoside reverse-transcriptase inhibitors (NNRTIs), and integrase 

inhibitors.51 Although there is still no cure for HIV, adherence to ART reduces viral 

replication and allows the CD4+ count to rebound.52  

Previous studies suggest that lack of ART may be associated with earlier age of 

menopause.3,16 Schoenbaum et al. found that the median age of onset of menopause 

among WLWH living in Bronx, NY, with no ART regimen was 43 years compared to 47 

years in the uninfected population of this study.3 This demonstrates that the lack of ART 

may contribute to an earlier age of menopause and possibly early menopause in WLWH. 

However, this cross-sectional study did not consider prior treatment and cumulative 

length of exposure. As mentioned previously, Schoenbaum et al. also measured 

menopause as 12 months of amenorrhea without following women to determine 

resumption of menses. When examining resumption of menses following prolonged 

amenorrhea in WIHS, WLWH who resumed menses were less likely to use ART since 

the last visit than WLWH who did not resume menses throughout follow-up.16 This 

suggests that consistent ART use may prevent irregular menstrual cycles and delay the 

onset of age of menopause.           

The relationship between ART and AMH is unclear. Santulli et al. demonstrated 

that viral load and CD4+ count were significantly associated with AMH among WLWH 

requesting assisted reproductive technology, but cumulative length of ART was not 

significantly associated with AMH in a multivariable model accounting for CD4+ count 

and viral load.9  However, in an age-adjusted model, there was a significant positive 

relationship between cumulative length of exposure to ART (median=3.7 years) and 
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AMH. Santulli et al. suggested that the effects of ART on AMH may have been 

unremarkable in the multivariable analysis due to the strong effects of viral load and 

CD4+ count on ovarian reserve.9 Therefore, cumulative exposure to ART, which 

decreases viral load allowing for CD4+ reconstitution, may contribute to increasing 

AMH. One study using WIHS data among WLWH by Scherzer et al. found that the 

association of AMH at age 40 years and age of FMP was stronger in the early cohort 

recruited in 1993-1994 (1.5 year-increase in age of FMP per doubling of AMH) than the 

later cohort recruited from 2001-2002 (1.3 years-increase in age of FMP per doubling of 

AMH), suggesting that ART use in the later cohort may have contributed to the strength 

of association.17 The majority of the later cohort were taking ART at baseline and had 

larger increases in CD4+ count associated with a smaller age-related decline in AMH 

than the earlier cohort. However, this study only examined ART use at baseline and did 

not consider cumulative treatment exposure nor previous treatment.17 Few studies have 

examined the association between ART and early menopause, especially in regard to 

length of ART exposure.9 This study aims to determine the effect of treatment over time 

with early menopause, hypothesizing that adhering to treatment will decrease the risk of 

early menopause in WLWH.  

1.9. Justification for the Study  

1.9.1. Key Gaps in the Literature 

To ascertain the relationship between treatment and early menopause, a better 

measure to detect age of menopause is needed. One gap in the literature is the 

underutilization of biomarker data to confirm age of menopause. Most studies use the 

definition of menopause as 12 months of self-reported prolonged amenorrhea following 
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FMP and thus, have found no significant difference in the median age of menopause 

between WLWH and uninfected women, despite increased prevalence in this 

population.1–3,11,15 Limitations of these studies include self-reported menopause measures 

subject to recall bias, lack of biomarker confirmation, and cross-sectional study designs, 

which did not allow follow-up time to determine resumption of menses.2,3,11,13,15   

Biomarker and longitudinal data accounting for resumption of menses in follow-

up can be utilized to better estimate the median age of menopause between WLWH and 

the general population. As mentioned previously, one third of WLWH resumed menses 

following 12 months of prolonged amenorrhea in the WIHS data.16 This suggests that the 

current measure of menopause as self-reported 12 months of prolonged amenorrhea may 

misclassify menopausal status. To address this gap in the literature, this study aims to 

utilize the AMH biomarker along with self-reported prolonged amenorrhea to define 

menopause.     

Another gap in the literature is whether the disease and/or treatment contribute to 

early menopause. Despite previous research demonstrating the positive relationship 

between CD4+ count and AMH, further research assessing the relationship between 

cumulative exposure of ART and early menopause is warranted.  Once a more precise 

measure for menopause is established, the relationship between ART with early 

menopause can be better ascertained.       

 Lastly, this dissertation adds to the research in WLWH by concentrating on a 

subpopulation of adults living with HIV who are often overlooked. In 2016, 23% of 

people living with HIV in the US were women and among new diagnoses of WLWH in 

2017, 59% were Black/African-American.20 This dissertation will contribute to the 
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literature surrounding ART and early menopause in WLWH, especially minority women, 

who are the majority of WLWH in the US.  

1.9.2. Scientific Premise and Causal Inference      

Although the relationship between ART and early menopause is understudied, 

there is strong evidence regarding the positive association between CD4+ count and 

AMH, which suggests that adherence to ART may prevent the risk of early menopause. 

Given the aforementioned gaps in the field, the scientific premise for evaluating the 

relationship between ART and early menopause is based on the rigor of prior research 

showing a) AMH levels are significantly lower in WLWH than in uninfected women and 

b) decreases in CD4+ count correspond with decreases in AMH levels.    

 I will apply the Bradford Hill Causal Inference framework to assess the causal 

relationship between ART and early menopause. This study addresses several of the 

criteria of epidemiological evidence such as biological plausibility, strength of 

association, biological gradient, temporality, and specificity.53 The strength of 

association among previous studies of the positive relationship between AMH and CD4+ 

count suggests if increased AMH is associated with increased CD4+ count, then it is 

biologically plausible that ART use, which directly reduces viral replication allowing for 

increases in CD4+ count, may contribute to increasing AMH levels as well.9,14 Santulli et 

al. suggested that cumulative ART exposure was associated with AMH and therefore, a 

biological gradient of time-varying ART may affect ovarian reserve.9 I will assess the 

temporality of exposure and hypothesize that an increased ART exposure window would 

decrease the risk of early menopause. The specificity of the association between ART and 

early menopause would be unique to WLWH.   
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1.9.3. Potential Impact on the Field 

Of Americans living with HIV, 47% of those living with diagnosed HIV are age 

50 years and older.54 Advances in ART have contributed to WLWH are living longer and 

therefore, are subject to aging-related diseases that have not been previously seen in this 

population.55–57 Now, with the aging HIV population, it is critical to understand when 

WLWH are entering menopause in order to provide postmenopausal care for aging-

related illnesses and the role of treatment in menopausal onset.9,19,22,24,55–57 The clinical 

and public health implications of this dissertation are that women who reach early 

menopause are at-risk of comorbidities associated with menopause earlier than normal.55–

57            

In the general population, early menopause has been associated with aging-related 

comorbid conditions, such as stroke, coronary artery disease, diabetes, cognitive 

impairment, low bone mineral density, heart failure, and osteoporosis.4–7,58,59 The onset of 

these diseases at an age earlier than typically seen can result in diminished quality of life 

for the patient, leading to increased mortality, specifically cardiovascular-related and 

cancer-related mortality.45,55–57,60,61 In a population of women with a comorbid infection 

such as HIV, experiencing these aging-related comorbidities, in addition to HIV, can 

result in poor HIV disease management and reduced longevity and quality of life.51,55,56 

Some evidence suggests that ART regimens produce adverse events (e.g. high 

cholesterol, hypertension, etc.) that are risk factors for post-menopausal outcomes.51 

Understanding the casual effect of cumulative ART exposure on early menopause may 

aid in understanding the contribution of treatment to post-menopausal outcomes.   
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Lastly, the methodological impact of this dissertation is to validate menopause via 

AMH in order to ascertain age of menopause, a study measure I will use to explore the 

causal relationship between ART and early menopause. The validation of AMH aims to 

overcome the limitation of self-report data, which may misclassify menopause among 

WLWH. Similarly to women with POI who have 5-10% increased risk of spontaneous, 

unplanned pregnancy, WLWH misclassified by menopausal status may unsuspectingly 

become pregnant, posing an HIV risk to the unborn child.58 AMH confirmation of 

menopause, in addition to longitudinal data providing sufficient follow-up time to 

determine cessation of menses, will be beneficial in determining age of menopause 

among WLWH in order to explore future post-menopausal outcomes.  

1.10. Theoretical Framework          

A modified Andersen’s Behavior Model is the theoretical framework guiding this 

investigation of the relationship between ART and early menopause (Figure 1.1).62  
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Figure 1.1: Theoretical Framework of Modified Andersen’s Behavioral Model 

Adopted by Anderson et al.62 

 

The components of the theoretical framework include patient characteristics, health 

behavior, and the outcome of early menopause.62 Environment (e.g. health care system 

and external environment) is excluded because all participants enrolled in WIHS are 

eligible based on the same inclusion and recruitment criteria and adhere to the same 

protocol for disease management and treatment between sites.63 Patient characteristics 

include predisposing factors (i.e. demographic factors and family history), enabling 

factors (i.e. sociodemographic factors), and perceived need. Perceived need includes 

severity of diagnoses (i.e., AIDS), symptom severity, and disease biomarkers (e.g., viral 

load, CD4+ count, etc.).           
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Health behavior includes personal health practices and use of health services. In 

the WLWH population, personal health practices include risky sexual and health 

behavior, such as smoking, alcohol use, and intravenous drug use. Use of health services 

includes ART use, hormonal therapy, and hospitalizations and/or other medications for 

existing comorbid conditions.  

1.11. Specific Aims and Conceptual Framework  

1.11.1. Specific Aims  

This dissertation investigates whether ART is associated with early menopause 

among WLWH. The overarching approach is to implement an algorithm using the AMH 

biomarker and self-report amenorrhea to confirm age of menopause. This will permit 

assessment of differential risk among WLWH relative to at-risk, uninfected women and 

investigation of the causal association between ART and early menopause.   

 This dissertation has three distinct but complimentary aims. Data for this study 

are derived from WIHS, a longitudinal cohort of WLWH and a smaller cohort of 

uninfected women who are at-risk for HIV, (i.e., received an HIV test for risky sexual 

behavior, intravenous drug users, diagnosed with sexually transmitted diseases, etc.). In 

Aim 1, I will utilize AMH prior to FMP to confirm age of menopause identified through 

self-reported prolonged amenorrhea. An AMH level <0.10 ng/ml is considered 

undetectable and I will conduct validity testing to determine whether AMH and 

prolonged amenorrhea measure menopausal status. Once I have a more precise measure 

of menopausal status in place, I will use age of menopause calculated in Aim 1 for 

subsequent aims.      
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In Aim 2, I will determine whether WLWH are at a higher risk of experiencing 

early menopause than uninfected women using HIV status, adjusting for lifestyle and 

demographic factors previously identified in the literature to be associated with decreased 

ovarian reserve. Aim 3 will only include WLWH and will determine whether WLWH 

adherent to ART (≥75%) are less likely to experience early menopause than WLWH who 

are not adherent to ART (<75%). In addition to ART, I will also adjust for time-varying 

disease-related factors such as CD4+ count, RNA viral load, CD4/CD8 ratio, and an 

indicator for AIDS diagnosis. Women will be followed from WIHS enrollment until 

menopause is confirmed or end-of-study and I will censor due to loss to follow-up or 

death prior to confirming menopause. 

Aim 1: To confirm age of menopause among WLWH and at-risk, uninfected women using 

AMH. A valid measure of menopausal status is needed to determine age at menopause. 

Among WIHS participants with available AMH measures, I will use AMH to confirm 

self-reported indicators of menopause.           

Aim 2: To determine if WLWH are at an increased risk to reach menopause earlier than 

at-risk, uninfected women.                                                                                                                                                                   

H2.1: I hypothesize that WLWH are at a significantly increased risk to experience 

menopause at an earlier age than at-risk, uninfected women.      

Aim 3: To evaluate the relationship between time-varying ART use with early menopause 

among WLWH, adjusting for baseline and time-varying confounders.                             

I will evaluate ART utilization at each six-month visit and account for the adherence of 

ART between each visit.                               
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H3.1: I hypothesize that, compared to WLWH non-adherent to ART (<75%), 

WLWH with ART adherence (≥75%) will have a significantly lower risk of early 

menopause.    

1.11.2. Conceptual Model for Specific Aims  

This conceptual framework highlights how sociodemographic, clinical, HIV-

related, and treatment factors contribute to early menopause. I adapted Richardson’s 

theoretical model of environmental and sociodemographic factors that affect ovarian 

reserve to illustrate the associations among lifestyle, socio-demographic, and HIV-related 

factors with AMH (Figure 1.2).64  

 

Figure 1.2: Proposed Pathway for Lifestyle and HIV-Related Factors Influencing AMH 

Adopted by Richardson et al.64 

 

Specific Aim 1 will use AMH and self-reported prolonged amenorrhea to confirm age at 

menopause. An AMH level <0.10 ng/ml is considered undetectable, and at such levels 

this is predictive of menopause to confirm the age at which women transition into 

menopause.17 I will use age of menopause determined in Specific Aim 1 to dichotomize 

the outcome of early menopause (i.e. prior to age 45 years) used in subsequent aims.  
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Since my algorithm of menopause encompasses AMH and self-reported 

amenorrhea, I identified sociodemographic, clinical, and HIV-related risk factors that 

contribute to AMH and the conventional definition of menopause (i.e., 12 months of 

prolonged amenorrhea). Richardson et al. identified lifestyle factors as contributing to 

ovarian reserve in the general population that I will translate to the WLWH population.64 

These factors include BMI, cigarette smoking, education, socioeconomic status, and 

race/ethnicity and previously been associated with age of menopause among 

WLWH.2,11,13,15,64 Evidence shows a significant relationship between HIV infection and 

menopausal onset and lower AMH levels in WLWH compared to uninfected 

women.9,12,17 Thus, Specific Aim 2 will determine if WLWH are at a higher risk than at-

risk, uninfected women to experience early menopause, adjusting for time-varying 

confounders (i.e. sociodemographic and clinical characteristics). ART adherence 

increases CD4+ count while decreases viral load.52 Given the evidence of the significant 

association of both CD4+ count and viral load with AMH, this aim will allow for an 

evaluation of time-varying ART treatment with early menopause, accounting for changes 

in CD4+ count, viral load, and other sociodemographic and clinical confounders.3,9  
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Chapter 2 The Utilization of Antimullerian Hormone in Confirming Menopausal 

Status Among Women Living with HIV and At-Risk, Uninfected Women 

2.1. Abstract  

Introduction: Previous studies among women living with HIV (WLWH) defined 

menopause as amenorrhea for at least 12 months. Since WLWH can experience multiple 

amenorrhea episodes, an alternate method using biomarkers to confirm menopause is 

warranted.  

Objective: To use the AMH biomarker to confirm age of menopause in WLWH and an at-

risk, uninfected population.  

Methods: We used the WIHS, nationwide, multi-center, prospective cohort to identify 

WLWH and at-risk women age ≥18 years at enrollment. The WIHS research team collected 

menstrual cycle data every six months. This study included all data collected from a 

woman’s baseline visit until confirmation of menopause or end of study (12/31/2018), 

whichever came first. The study measures used to assess menopause were prolonged 

amenorrhea without resumption of menses and undetectable AMH (<0.10ng/mL). 

Prolonged amenorrhea was defined by at least 12 months without resumption of menses 

following their FMP. An undetectable AMH prior to FMP confirmed menopausal status. 

We measured concordance between AMH level prior to last menstrual period and 

prolonged amenorrhea without resumption of menses, and assessed error measurements of 

accuracy, chance agreement, and κ statistic. Age of menopause was calculated using two 

time-points: 1) at the first prolonged amenorrhea event, regardless of resumption of 

menses; and 2) at their FMP. 
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Results: Of the 3,188 women followed in this study, 30% (n=945) reported prolonged 

amenorrhea without resumption of menses. The accuracy (78%) and κ statistic (0.54) were 

indicative of moderate agreement between AMH prior to FMP and prolonged amenorrhea 

without resumption of menses. The mean age for 859 women with confirmed menopause 

was 48.6(±4.3) years. The mean age at FMP for women with prolonged amenorrhea 

without resumption of menses and AMH >0.10ng/mL was 41.2±5.6 years. 

Conclusions: Prolonged amenorrhea without accounting for AMH could lead to 

misclassification of early menopause in WLWH.   

2.2. Introduction  

Menopause, which normally occurs between the ages of 45-55, is a natural aging 

process that may be more likely to occur prematurely in WLWH.1 In the general 

population, 5% of women experience menopause before age 45 compared to 27% among 

WLWH.1,2  Previous studies examining menopause transition in WLWH have relied on 

the WHO definition of at least 12 months of prolonged amenorrhea following FMP.1–

3,11,13–15 This definition is based on observations among the general population of women. 

There is reason to believe that this may be insufficient to identify menopause transition in 

WLWH, since as much as a third resume menses after 12 months of prolonged 

amenorrhea.16  Since WLWH may experience multiple episodes of prolonged 

amenorrhea, studies have not accounted for resumption of menses when defining 

menopause status in this group. This is a phenomenon that raises questions regarding how 

to accurately capture menopause in WLWH since misclassifying menopausal status could 

result in delayed preventive measures of post-menopausal outcomes in this vulnerable 

population.65 
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To address the shortfalls of relying solely on prolonged amenorrhea to determine 

menopausal transition, biomarkers have been used as an additional approach. The 

STRAW+10 criteria, regarded as the gold standard of reproductive aging, uses key 

endocrine biomarkers including AMH, FSH, and estradiol along with menstrual cycle 

variability across a woman’s lifespan to assess phases of reproductive aging.19,23,24 

However, the STRAW+10 is not optimal to assess menopause transition because FSH 

and estradiol vary throughout the menstrual cycle.18,19,24  AMH, a biomarker indicative of 

ovarian reserve, decreases over time as women transition to menopause without 

menstrual cycle variation, and thus may be a better metric to confirm menopause 

transition.10 The Food and Drug Administration (FDA) recommends the use of AMH in 

combination with other clinical assessments (e.g., prolonged amenorrhea) and laboratory 

results (i.e., other endocrine biomarkers) to determine menopausal status.66 Previous 

studies have explored the use of AMH and FSH to predict menopause in WLWH but 

have not explored the combination of biomarkers with prolonged amenorrhea to identify 

menopause status in this population.16,17 This is a significant gap because research has 

shown a positive association between AMH and CD4+ count in WLWH, and AMH is 

lower in WLWH than in uninfected women.9,12,14 Thus, it would follow that AMH may 

be a critical factor in understanding menopause transition among WLWH. 

The goal of this study was to compare two methods for ascertaining the age of 

menopause among WLWH. The first aim was to identify women with self-reported 

prolonged amenorrhea using longitudinal data to ensure sufficient follow-up to observe 

cessation of menses. The second aim was to utilize AMH prior to FMP to confirm 

menopause. The third aim was to compare the agreement and accuracy of self-reported 
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prolonged amenorrhea combined with undetectable AMH prior to FMP in estimating age 

of menopause among WLWH.  

2.3. Methods 

2.3.1. Data Source  

The WIHS is a US multi-site, prospective cohort of 4,982 women (3,678 WLWH; 

1,304 at-risk, uninfected) living with or at risk for HIV.63 WIHS eligibility for enrollment 

was women who: were age 13 years or older, underwent an HIV test, could complete the 

interview in English or Spanish, lived in proximity to clinic site, and were able to donate 

blood for laboratory testing.63 The uninfected women were those who did not have HIV 

but were ‘at-risk’ for HIV due to one or more of the following criteria in the past 12-

months: intravenous drug use; sexually transmitted disease; risky sexual behavior; 

exchanged sex for drugs, money, or shelter.50 WIHS enrolled women in four waves 

(years 1994-1995; 2001-2002; 2011-2012; 2013-2016), starting with six sites in 1993 and 

adding one site in 2001-2002.50,63 The third wave in 2011-2012 was intended to replace 

women in the prior two waves who had died. The fourth wave in 2013-2016 expanded 

the study sites to include women in southern regions of the US.50 Once a participant is 

deemed eligible for the study, they undergo a comprehensive baseline assessment at 

study enrollment. The baseline assessment gathers information on sociodemographic, 

medical, obstetric/ gynecological, and contraceptive history, alcohol, tobacco and other 

substance use, and sexual behaviors and transmission risk. Women in the study also 

undergo physical and gynecological examinations.63 Data is collected every six months 

using structured questionnaires. Self-reported information is validated against clinical 

data on hospitalizations, pharmacy records and existing registries and collect blood 
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samples for laboratory testing.63 Laboratory specimens such as blood and serum are 

stored at the WIHS Central Repository (Precision for Medicine in Frederick, MD).50,63 

2.3.2. Study Design and Population 

This study used a retrospective cohort design to determine menopausal status and 

age of menopause among WLWH and at-risk, uninfected women. For inclusion, we 

selected WLWH and at-risk women age ≥18 years old at WIHS enrollment and used data 

collected every six months from the baseline visit (i.e., WIHS enrollment) until 

confirmation of menopause or end of this study (12/31/2018), whichever came first.  

Women were excluded if, at the baseline visit: a) were less than 18 years-old, b) 

experienced menopause, c) reported a hysterectomy, uterine cancer, or double 

oophorectomy, d) had no visits after enrollment or e) reported any type of cancer, except 

skin cancer (Figure 2.1).  
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Figure 2.1: Exclusion Criteria  
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When excluding women who reported menopause at baseline, we ensured they 

did not resume menses during follow-up. If they had resumed menses, they were included 

in the study to evaluate the next occurrence of prolonged amenorrhea. The study was 

approved by the University of Maryland, Baltimore, Institutional Review Board. 

2.3.3. Study Measures 

2.3.3a. Prolonged Amenorrhea 

For this study, prolonged amenorrhea was defined based on the WHO definition 

of at least 12 months without menses. We used the question ‘Have you had a period in 

the past 6 months?’16 to identify women who reported ‘no’ in two consecutive visits, and 

of these women, those who did not resume menses were classified as having prolonged 

amenorrhea. We did not include a prolonged amenorrhea event if a woman resumed 

menses or reported one of the following events at the same visit as prolonged 

amenorrhea: use of oral contraceptives, heroin, or opioids, or was currently pregnant or 

breastfeeding. For every qualifying prolonged amenorrhea event, we identified the date 

of FMP from the response to the question: “What was the first day of your last period?” 

at the visit FMP was reported. This date was the date of menopause based on the 

definition of prolonged amenorrhea without resumption of menses.  

2.3.3b. Antimullerian Hormone (AMH) 

The AMH biomarker was used to confirm menopause. AMH levels <0.10 ng/mL 

(calibrated on Beckman Coulter Inc. Access Dxi test) are considered undetectable and 

indicative of menopause transition within three to five years of FMP.17,29–31,39 We 

obtained all available AMH levels in the WIHS data prior to FMP for all women. Since 

AMH values only decrease over time, women who had an undetectable reading at any 



34 

 

point prior to FMP were classified as menopausal at the date of FMP. For women who 

had a detectable AMH reading more than five years prior to FMP or who did not have 

any AMH results available in the data, we requested AMH readings from the WIHS 

central repository of laboratory specimens.50,63  

 Overall, 143 AMH readings were requested: 86 women with a detectable AMH 

level more than five years prior to FMP and 57 women who did not have any AMH 

results. For 53 of the 86 women, we obtained an additional AMH reading at the visit 

where FMP was reported, if available, or at the visit just prior to FMP (i.e., 

approximately 6 months prior to FMP). Of the requested AMH readings for the 57 

women with no available AMH in the data, we obtained AMH levels at the time of FMP 

for 38 of these women. Reasons AMH readings could not be obtained included: too low 

of a specimen supply or no specimen samples were available for the time period 

requested (i.e., before FMP or last menstrual period); the participant had cancer at the 

visit or died shortly after the visit from which the reading was requested; WIHS classified 

the participant as ‘very important’ and would not release their data. The Geralyn 

Messerlian Laboratory of Women & Infants Hospital of Rhode Island performed AMH 

readings on specimens received from the repository.  

2.3.3c. Determining Age at Menopause 

To be considered menopausal, a woman had an undetectable AMH reading (<0.10 

ng/mL) prior to FMP, followed by prolonged amenorrhea without resumption of menses 

(Figure 2.2). Once we confirmed menopausal status, the age at the visit recording self-

reported FMP determined age at menopause. We calculated age of menopause by adding 

age at baseline to the number of years to FMP.    



35 

 

 

Figure 2.2: Confirming Menopausal Status Using AMH 

Figure 2, Scenario A: demonstrates the case of an undetectable AMH prior to FMP, 

which is followed by a period of prolonged amenorrhea for at least 12 months, without 

resumption of menses.  

 

Figure 2, Scenario B: illustrates cases where the AMH is detectable (≥0.10 ng/mL) and 

we followed women to their first undetectable AMH prior to FMP and subsequent 

prolonged amenorrhea.  

2.3.3d. Baseline Covariates 

Sociodemographic characteristics used in this study were age at baseline, 

race/ethnicity, income, and education. Enrollment characteristics were clinic site and 

enrollment wave. Clinical characteristics used in this study were HIV status, smoking 

status, BMI, diabetes, alcohol consumption, previously pregnant, any intravenous drug 

use (IDU), any non-IDU recreational drug use, and any use of crack, cocaine, or heroin.  

2.3.4. Statistical Analysis 

 2.3.4a. Censoring Events  

We right-censored participants at the time they reported a) a hysterectomy or 

double oophorectomy at follow-up, b) a single oophorectomy in follow-up after reporting 

a single oophorectomy at baseline, c) any non-skin cancer event at follow-up or d) death 

or loss to follow-up.  
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2.3.4b. Descriptive Analyses 

We examined the distribution of sociodemographic, enrollment, clinical and 

social characteristics for women with and without prolonged amenorrhea. Bivariate chi-

square tests for categorical variables assessed statistically significant associations 

between prolonged amenorrhea with each of these characteristics (p <0.05).  

2.3.4c. Concordance of Menopausal Status  

 We determined menopause status using two methods and then examined the 

concordance between the two methods. Method 1 was based on prolonged amenorrhea 

without resumption of menses. Method 2 was based on AMH level preceding FMP. 

Concordance for menopause (CM) was defined by AMH <0.10 ng/mL prior to FMP 

followed by prolonged amenorrhea without resumption of menses. Discordance for 

menopause (DM) was defined by AMH ≥ 0.10 ng/mL prior to FMP followed by 

prolonged amenorrhea without resumption of menses. Concordance for no menopause 

(CNM) was defined by AMH ≥ 0.10 ng/mL and no prolonged amenorrhea. Discordance 

for no menopause (DNM) was defined by AMH <0.10 ng/mL and no prolonged 

amenorrhea.  

 To evaluate the reliability between the methods determining menopause status, we 

examined the Kappa (κ) statistic and 95% confidence intervals (CI). The κ statistic 

assesses an error-corrected measure of agreement assuming neither measure is the gold 

standard as is the case here.67 The κ statistic is calculated as21,68:  

  κ = ((accuracy-chance agreement) / (1-chance agreement))           (1) 

where21,68:  

 accuracy= (CM + CNM)/N)               (2) 
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chance agreement = (((CM+DNM)x(CM+DM)) + ((CNM+ DM)x(CNM+ DNM))) / N2 (3) 

A κ statistic <0.40 reflects poor to fair agreement, 0.41–0.60 is moderate agreement, 

0.61–0.80 is substantial agreement, and 0.81–1.00 is almost perfect agreement.67,69 We 

calculated error measurements for the overall sample and separately for the subgroups of 

WLWH and at-risk, uninfected women.  

2.3.4d. Subpopulation of Women with Prolonged Amenorrhea 

 Women with prolonged amenorrhea could have multiple prolonged amenorrhea 

events. Among women with prolonged amenorrhea, we calculated the mean age of 

menopause using two time-points: 1) date of last menstrual period prior to the first 

prolonged amenorrhea event, regardless of resumption of menses and 2) at FMP prior to 

their final amenorrhea event, with cessation of menses. Age calculated at the first 

amenorrhea event without regard to resumption of menses followed the WHO definition 

of menopause.1 Age calculated at the last amenorrhea event considered amenorrhea 

without resumption of menses. Also, among women with prolonged amenorrhea, we 

examined a) the time from last AMH reading to FMP to confirm the last AMH reading 

was within five years of FMP and b) the time from FMP to end of follow-up to ensure 

sufficient follow-up time for cessation of menses.30,31,39  

2.3.4e. Sensitivity Analysis  

Use of hormone replacement therapy (HRT) can result in endometrial bleeding in 

menopausal women.70 To eliminate potential confounding by HRT, we excluded women 

taking HRT at any point in the study and performed concordance of menopausal status in 

this subpopulation of women without HRT.    
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2.3.4f. Supplemental Analyses 

Supplemental analyses were conducted to compare the distribution of 

sociodemographic and enrollment characteristics between women with complete visit 

data and those who missed at least one visit. We compared demographic/clinical 

characteristics for those with detectable versus undetectable AMH in the subgroup 

without prolonged amenorrhea to assess differences between the two groups. Bivariate 

chi-square tests for categorical variables assessed statistical significance of the 

associations (p-value <0.05).  

In our study, the AMH test was calibrated to a cut-point of <0.10ng/mL. 

However, previous studies have indicated that AMH <0.20 ng/mL at least three years 

prior to FMP is predictive of menopause.17,28,29,31,36–39 To determine the sensitivity of the 

0.10 ng/mL cut-off, we examined all AMH readings prior to FMP in a subset of women 

who had prolonged amenorrhea and AMH levels >0.10 ng/mL prior to FMP. We 

assessed whether there was a decreasing trend in AMH values that would suggest 

transition to menopause but where the AMH value had not fallen below the threshold of 

<0.10 ng/mL. To assess whether there was sufficient follow-up from the last AMH 

reading to detect menopause, we examined the mean days and standard deviation from 

the last AMH reading to last reported menstrual period and from the last reported 

menstrual period to the end of follow-up.  

2.4. Results  

2.4.1. Overall Population Characteristics  

 Of the 4,982 women in WIHS, 3,452 women met baseline inclusion criteria 

(Figure 2.1). After accounting for events during follow-up, 3,188 women were included 
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in the final analytic cohort. The majority were age 25-44 years at baseline (78.9%) and 

African-American (63.1%) (Table 2.1). 
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Table 2.1: Sociodemographic and Enrollment Characteristics at Study Entry Among Women with 

and without Prolonged Amenorrhea 

 

 

*Assessed statistical significance between sociodemographic and enrollment 

characteristics and women with and without prolonged amenorrhea 
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Approximately 31% reported their highest level of education as seventh to eleventh grade 

and 49% were enrolled in the first wave (1994-1995). The majority of women were 

diagnosed with HIV (72.1%), previously pregnant (89.6%), had a history of non-

intravenous recreational drug use (71.6%), and had ever used crack, cocaine, or heroin in 

their life (53.6%) (Table 2.2). On average, women had 3.2±2.4 (95% CI: 3.1-3.3) AMH 

readings over the follow-up period. 
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Table 2.2: Clinical and Social Characteristics at Study Entry among Women with and without 

Prolonged Amenorrhea 

 

*Assessed statistical significance between sociodemographic and enrollment 

characteristics and women with and without prolonged amenorrhea 

 

Overall
Prolonged 

Amenorrhea

No Prolonged 

Amenorrhea

n=3,188 n=945 n=2,243

n (%) n(%) n(%)

HIV Status

Negative 871 (27.3) 204 (21.6) 667 (29.7)

Prevalent 2299 (72.1) 734 (77.7) 1565 (69.8)

Converter 16 (0.5) 7 (0.7) 9 (0.4)

Converter identified at death 2 (0.1) 0 2 (0.1)

Body Mass Index 

Underweight 165 (5.2) 50 (5.3) 115 (5.1)

Normal 1010 (31.7) 303 (32.1) 707 (31.5)

Overweight 895 (28.1) 284 (30.1) 611 (27.2)

Obese 1118 (35.1) 308 (32.6) 810 (36.1)

Diabetes

Yes 145 (4.6) 62 (6.6) 83 (3.7)

No 3040 (95.4) 883 (93.4) 2157 (96.2)

Missing 3 (0.1) 0 3 (0.1)

Previously Pregnant 

Yes 2856 (89.6) 888 (94.0) 1968 (87.7)

No 330 (10.4) 56 (5.9) 274 (12.2)

Missing 2 (0.1) 1 (0.1) 1 (0.1)

Smoking Status^

Current Smoker 1572 (49.3) 545 (57.7) 1027 (45.8)

Former Smoker 455 (14.3) 152 (16.1) 303 (13.5)

Never Smoked 1156 (36.3) 247 (26.1) 909 (40.5)

Alcohol Use per Week

Abstainer 1173 (44.7) 419 (44.3) 980 (43.7)

>0-7 drinks/wk 1053 (40.1) 357 (37.8) 958 (42.7)

>7-12 drinks/wk 109 (4.2) 37 (3.9) 91 (4.1)

>12 drinks/wk 247 (9.4) 109 (11.5) 182 (8.1)

Missing 55 (1.7) 23 (2.4) 32 (1.4)

Ever Used Intravenous 

Drugs
702 (22.0) 332 (35.1) 370 (16.5)

<0.0001

Ever Used Nonintravenous 

Recreational Drugs**
2282 (71.6) 747 (79.1) 1535 (68.4) <0.0001

Ever Used 

Crack/Cocaine/Heroin**
1709 (53.6) 660 (69.8) 1049 (46.8) <0.0001

0.0058

0.0004

<0.0001

P-value* 

0.229

<0.0001

<0.0001
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2.4.2. Sociodemographic and Enrollment Characteristics by Prolonged Amenorrhea  

 Of the 3,188 women, 945 (30%) reported prolonged amenorrhea during the study 

period. Age at baseline, enrollment wave, and clinic site differed significantly between 

women with and without prolonged amenorrhea (p<0.0001; Table 2.1). Income level was 

statistically different among women with and without prolonged amenorrhea, with a 

larger proportion of women with prolonged amenorrhea, compared to those without 

prolonged amenorrhea, who reported a yearly income of less than $18,000 (71.4% vs. 

67.1%, respectively; p<0.05).   

2.4.3. Clinical and Social Characteristics by Prolonged Amenorrhea  

Bivariate associations between women with and without prolonged amenorrhea 

clinical and social characteristics are displayed in Table 2.2. HIV status, diabetes, prior 

pregnancy, smoking status, and alcohol consumption differed significantly between 

women with and without prolonged amenorrhea (p <0.05). Compared with women 

without prolonged amenorrhea, a higher proportion of women with prolonged 

amenorrhea had HIV (77.7% vs 69.8%; p<0.0001), consumed >12 drinks per week 

(11.5% vs 8.1%; p<0.001), and reported intravenous drug use (35.1% vs. 16.5%; 

p<0.0001), crack/cocaine/heroin (69.8% vs. 46.8%; p<0.0001) and other non-intravenous 

recreational drugs (79.1% vs. 68.4%; p<0.0001).  

2.4.4. Concurrent Validity of Menopausal Status  

 Concordance of menopause status between Method 1 and Method 2 is shown in 

Table 2.3.
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Table 2.3: Concordance Matrix of Menopausal Status: Antimullerian Hormone (AMH) prior to 

Final Menstrual Period vs. Prolonged Amenorrhea without Resumption of Menses* 

 

 
 

*Two consecutive visits without reporting menses, without resumption of menses in 

follow-up. Last prolonged amenorrhea event recorded. 

^18 women who were HIV seroconverters during the course of the study were excluded 

from the stratified analysis 
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Of the 945 women with prolonged amenorrhea, 859 women were CM (i.e., undetectable 

AMH and prolonged amenorrhea) and 86 women were DM (i.e., detectable AMH and 

prolonged amenorrhea). Of the 2,243 women without prolonged amenorrhea, 1,625 

women were CNM (i.e., detectable AMH and no prolonged amenorrhea) and 618 women 

were DNM (i.e., undetectable AMH and no prolonged amenorrhea). The accuracy (78%) 

and κ statistic (0.54; 95% CI: 0.52-0.57) suggested moderate agreement between AMH 

and self-reported prolonged amenorrhea without resumption of menses, for the overall 

sample and within the subgroups WLWH (κ=0.53; 95% CI: 0.49, 0.56) and at-risk, 

uninfected women (κ=0.59, 95% CI: 0.53-0.65). In the sensitivity analysis, the 

subpopulation of women without HRT (n=2,672) had similar results to the overall cohort 

(κ=0.54; 95% CI: 0.51-0.58).  

2.4.5. Age of Menopause 

The age at menopause did not differ when looking at the first or last episode of 

prolonged amenorrhea (i.e., FMP) but there was a seven-year difference when using 

AMH in addition to FMP (Table 2.4).  
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Table 2.4: Age of Menopause and Time to Final Menstrual Period Among Women with 

Prolonged Amenorrhea 

  

Prolonged 

Amenorrhea and 

Undetectable AMH 

Prolonged 

Amenorrhea and 

Detectable AMH 

  n=859 n=86 

Age of Menopause     

mean years ± SD (95% CI)   

Method 1: First Amenorrhea Event^ 48.2 ± 4.2 (47.9-48.5) 40.8 ± 5.9 (39.6-42.1) 

Method 2: Last Amenorrhea Event* 48.6 ± 4.3 (48.3-48.9) 41.2 ± 5.6 (40.0-42.4) 

Time from AMH to FMP (yrs)   

mean years ± SD (95% CI) 2.4 ± 2.7 (2.2-2.6) 2.8 ± 3.3 (2.1-3.5) 

Time from FMP to EOS (yrs)   

mean years ± SD (95% CI) 6.3 ±4.7 (6.0-6.7) 3.5 ± 3.1 (2.9-4.2) 

SD: Standard Deviation 

EOS: End of Study  

^Age of menopause calculated at last menstrual period prior to two consecutive visits 

without reporting menses, regardless of resumption of menses. 

*Two consecutive visits without reporting menses, without resumption of menses in 

follow-up. Last prolonged amenorrhea event recorded.  

 

 

For women with undetectable AMH, the average age at menopause was 48.6±4.3 (95% 

CI: 48.3-48.9) years old. For women with detectable AMH, the average age was 41.2±5.6 

(95% CI: 40.0-42.4) years old. Women with undetectable AMH had longer follow-up 

time following FMP than women with detectable AMH (6.3±4.7 vs. 3.5±3.1 years, 

respectively). 

2.4.6. Supplemental Analyses 

The sociodemographic and enrollment characteristics were comparable between 

a) women with and without complete data (see Appendix A, Table A.1) and b) women 

with detectable and undetectable AMH, among women without prolonged amenorrhea 

(see Appendix A, Table A.2). Of women without prolonged amenorrhea, significantly 

more women with undetectable AMH had HIV. We investigated all AMH readings ≥10 
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ng/mL of women with prolonged amenorrhea and detectable AMH prior to FMP (n=86; 

see Appendix A, Figure A.1). Among these 86 women, 15 had their last AMH reading at 

or slightly above the threshold (i.e., 0.10-0.19 ng/mL) prior to FMP, and 6 of the 15 

women had such a reading three or more years prior to FMP. The data suggests these 15 

women with prolonged amenorrhea were likely transitioning to menopause. For women 

without prolonged amenorrhea, the mean time from the last detectable AMH reading to 

last menstrual period was 4.4±4.0 years, suggesting detection bias due to insufficient time 

was not likely a problem (see Appendix A, Table A.3). 

2.5. Discussion 

 A key finding of this study was that the AMH biomarker was an accurate and 

reliable measure to confirm menopause status. Overall, there was moderate agreement (κ 

statistic=0.54) between the AMH biomarker prior to FMP and prolonged amenorrhea 

without resumption of menses. Although agreement was not significantly different 

between WLWH and uninfected women, agreement was slightly lower among WLWH.  

The lower agreement in WLWH may in part be due to the discordance between lower 

levels of AMH and no prolonged amenorrhea, aligning with prior research that WLWH 

have lower AMH values than uninfected women.14,17  Age at menopause differed by 

seven years when considering the AMH biomarker level in addition to FMP. This striking 

difference in age of menopause by incorporating AMH values demonstrates the utility of 

AMH to confirm age at menopause in WLWH.  Specifically, age at menopause based on 

prolonged amenorrhea alone would misclassify a woman as early menopause (i.e., age < 

45 years), while AMH levels would indicate otherwise.  
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Misclassification of early menopause can lead to important health implications. 

This misclassification could result in not providing contraception to women who are still 

at risk of pregnancy or unnecessary diagnostic testing (e.g. bone mineral density) in 

premenopausal women that are thought to be post-menopausal.65 Lastly, the unknown 

onset of menopause may result in a lack of preventive measures for post-menopausal 

outcomes if a woman is still thought to be premenopausal. Accurately capturing age of 

menopause is vital to the management of post-menopausal comorbid conditions, 

especially in a population with HIV.65 

 Using an algorithm containing both clinical and biomarker data may be the 

optimal way to determine menopausal status.  Although the AMH biomarker can predict 

menopausal transition, the use of AMH alone is not an indication of menopausal status, 

as shown with the 618 women who were discordant for no menopause. In 2018, FDA 

approved the PicoAMH Elisa diagnostic test for menopausal status using AMH; however, 

the agency advises other clinical or laboratory measures to be used in addition to the 

AMH diagnostic tool.66 One of the strengths of our study is the use of AMH in 

conjunction with the prolonged amenorrhea measure. Multiple indicators of menopause 

allowed for a comprehensive assessment in our sample.     

The AMH biomarker was used to confirm menopausal status in 859 women with 

prolonged amenorrhea without resumption of menses. However, the undetectable AMH 

cut-point of <0.10 ng/mL may not be sensitive enough to identify all women transitioning 

into menopause. Further investigation revealed that an additional 15 women with 

detectable AMH levels had values between 0.10 and 0.20 ng/mL prior to FMP, and six of 

these women had AMH levels below 0.20 ng/mL three or more years prior to FMP. The 
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downward trajectory in AMH prior to FMP, along with prolonged amenorrhea without 

resumption of menses, suggests that these 15 women were menopausal at the time of 

FMP.18,27,28 When including this comprehensive examination of both AMH and 

prolonged amenorrhea, 874 women were considered menopausal at the time of FMP. The 

optimal time frame to capture AMH in predicting menopause has varied in multiple 

studies, with an AMH level below 0.20 ng/mL captured on average 3-5 years prior to 

FMP.17,28,29,31,36–39  Therefore, the cut-point of <0.10 ng/mL may not be sufficient alone 

to capture menopausal status and this research suggests that a trajectory of AMH levels 

may be more applicable in identifying women transitioning into menopause.    

The longitudinal nature of the data provided sufficient follow-up time to 

determine cessation of menses after a prolonged amenorrhea event. The richness of the 

WIHS data is another strength of our study, as we censored amenorrhea events that may 

be due to other reasons such as oral contraceptives, opioid use, or currently 

pregnant/breastfeeding. Unmeasured confounders, such as Polycystic Ovary Syndrome, 

is a limitation of the data as this condition can cause prolonged amenorrhea, despite a 

woman not being menopausal, and has been associated with high AMH levels.71 

Unmeasured confounders could account for the fact that approximately 85% of women 

with prolonged amenorrhea and detectable AMH were WLWH (n=70).16  Despite the 

richness of the information collected in the WIHS longitudinal cohort, self-report data 

can be subject to recall bias and thus can lead to misclassification and biased estimates. 

We mitigated this limitation by using self-report data in conjunction with laboratory tests 

and biomarker assays obtained by WIHS to confirm the self-report data. Lastly, the 

availability of AMH results is another limitation of the study. Despite requesting 
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additional AMH testing at FMP, we did not have AMH readings every six months as we 

did other measures in the data.  However, in our study, the mean time from AMH reading 

to FMP was less than 3 years, which is within sufficient time to predict menopausal 

transition.17,28,29,31,36–39  

The technique of implementing biomarker data to confirm clinical observations is 

widespread in other research areas and needed in the field of gynecology where the 

current menopause definition does not always correctly identify menopausal status, 

especially among WLWH. The use of AMH to confirm menopause is more accurate than 

using the prolonged amenorrhea measure alone in WLWH. An improved measure of 

determining menopausal status and age of menopause can aid in advancing research in 

prevention of post-menopausal outcomes, especially in vulnerable populations such as 

WLWH.  
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Chapter 3 Early Menopause in Women Living with HIV 

3.1. Abstract  

Introduction: Early menopause in WLWH is noted in previous studies. It is not known if 

this occurs more often than in uninfected women with behavioral risk factors for HIV. 

Understanding differences in risk of early menopause could influence medical care for 

women aging with HIV.  

Objective: To determine if WLWH have an increased risk of experiencing early 

menopause compared to uninfected women at risk for HIV.  

Methods: We used the Women’s Interagency HIV Study, a nationwide, multi-center, 

prospective cohort to identify 3,188 WLWH and at-risk, uninfected women 18 years or 

older. Longitudinal data were obtained from the baseline visit until the earliest of 

confirmation of menopause or end of study (12/31/2018). Confirmation of menopause 

was based on 12 months or more without resumption of menses and antimullerian 

hormone <0.20ng/mL at final menstrual period. The Kaplan-Meier method estimated 

time to menopause for WLWH and uninfected women. Early menopause was defined as 

age 45 or younger at confirmation of menopause. Bivariate analyses tested for 

statistically significant differences between WLWH and uninfected women on baseline 

sociodemographic (i.e., education, income, race, enrollment wave, etc.) and clinical (i.e., 

drug use, Hepatitis C, smoking status, etc.) characteristics. A Cox Proportional Hazards 

model estimated the risk of early menopause (i.e., age <45 at menopause) for WLWH 

relative to uninfected women, adjusting for baseline sociodemographic and clinical 

characteristics.  
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Results: Of the 3,188 women in the analytic cohort, the majority were WLWH (72%), 

African-American (63.1%), and reported an annual income ≤$18,000 (68.4). A 

significantly higher proportion of WLWH had Hepatitis C and used intravenous drugs 

(p<0.01) compared to uninfected women. WLWH reached menopause at a significantly 

earlier age (p<0.0001) and had two-fold higher risk of early menopause than uninfected 

women, after adjusting for baseline demographic and clinical characteristics (Hazard 

Ratio (HR): 2.27, 95% CI: 1.37-3.78). 

Conclusions: WLWH have a two-fold higher risk of early menopause than at-risk 

women without HIV.  This places them at increased risk for comorbidities and has 

implications for comprehensive chronic disease management. 

3.2. Introduction  

On average, women transition to menopause between the ages of 45-55 years, 

with the median age of 51 years.1,18 Early menopause is defined as occurring prior to age 

45 years and occurs in approximately 5% of the general population.1 However, limited 

evidence to date has been published regarding early menopause in WLWH, with 

emerging research suggesting that as many as 27% of WLWH experience early 

menopause.2 HIV disease severity has been shown to contribute to onset of menopause at 

an earlier age, with low levels of CD4+ count associated with an earlier age of 

menopausal onset.2,3,10     

Risk factors for early menopause, such as lower educational attainment and lower 

household income, in the general population are also relevant for WLWH.3,18,42–45 These 

risk factors have previously been associated with AMH, a biomarker indicative of 

menopausal transition, in WLWH.9,14,15 Prior studies of age at menopause have been 
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limited by cross-sectional data and lack a good comparison group.2,3 A comparator with 

similar lifestyle factors (e.g. drug use, risky sexual behaviors, low socioeconomic status, 

etc.) to WLWH is necessary in order to evaluate the risk of early menopause associated 

with HIV.50,63 There is limited evidence of age at menopause among WLWH, whether 

the menopause transition starts earlier, and if WLWH are at an increased risk in to 

experiencing early menopause than uninfected women at risk for HIV.   

The goal of this study was to investigate the risk of early menopause in WLWH 

compared with at-risk, uninfected women in a longitudinal prospective cohort. The 

specific aims were to determine 1) age at menopause for WLWH and at-risk, uninfected 

women; and 2) if WLWH have a higher risk than at-risk, uninfected women of 

experiencing early menopause, as defined by age <45 years. We hypothesize that WLWH 

undergo menopause at an earlier age and are at an increased risk of experiencing early 

menopause than at-risk, uninfected women.  

3.3. Methods 

3.3.1. Data Source  

The WIHS is a US multi-site, prospective cohort of 4,982 women living with or at 

risk for HIV.63 Uninfected women did not have HIV but were considered ‘at-risk’ due to 

intravenous drug use; sexually transmitted disease; risky sexual behavior; or exchanged 

sex for drugs, money, or shelter.50 WIHS enrolled women in four waves (1994-1995; 2001-

2002; 2011-2012; 2013-2016) and expanded from six sites in 1993 to 11 sites by 2016 to 

replace women who had died and to broaden geographic regions.50,63 WIHS eligibility 

criteria were: 1) age 13 years or older, 2) agreed to have an HIV test, 3) spoke English or 

Spanish, 4) lived in proximity to clinic site, and 5) able to donate blood for laboratory 
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testing.63 At the baseline visit all eligible women complete a comprehensive, in-depth 

interview with a trained WIHS staff member.63 Women provide information on their 

sociodemographic history, medical history (including obstetric/gynecological and 

contraceptive history), current clinical conditions, history of alcohol, tobacco and other 

intravenous or non-intravenous drug use, including crack, cocaine, or heroine, and history 

of and current sexual behaviors. Healthcare professionals perform physical and 

gynecological examinations.63 WIHS staff abstract information from hospital medical 

records and registries, collect blood specimens for laboratory tests,63 and validate self-

reported information against medical record and laboratory data.50,63 Trained WIHS 

interviewers collect this same information longitudinally from women every six months 

after baseline.  

3.3.2. Design and Study Cohort  

This study used a retrospective cohort design to identify whether WLWH have an 

increased risk to reach early menopause than at-risk, uninfected women. Women were 

followed prospectively from their baseline visit until menopause confirmation or end of 

study (12/31/2018), whichever came first. We selected WLWH and at-risk women age 

≥18 years old at baseline. Women were excluded if at the baseline visit they reported a) 

age less than 18 years-old, b) menopause and did not resume menses during follow-up, c) 

a hysterectomy, uterine cancer, or double oophorectomy, and d) any type of cancer, 

except skin cancer. In addition, women without any follow-up data after baseline were 

excluded. Of the 4,982 women in WIHS, 3,188 women met the aforementioned inclusion 

criteria. The study was approved by the University of Maryland, Baltimore Institutional 

Review Board. 
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3.3.3. Dependent Variable: Early Menopause   

 Confirmation of menopause was based on an AMH level <0.20 ng/mL prior to FMP 

and prolonged amenorrhea for >12 consecutive months without resumption of menses. 

Once menopause was confirmed, age at FMP determined age at menopause. Early 

menopause was operationalized as ‘yes’ if this occurred before age 45. Women who had 

not reached early menopause by their last follow-up visit were censored.  

3.3.4. Independent Variable: HIV Status  

 HIV status is determined at the baseline visit and coded for analysis as a binary 

variable (yes=1/no=0). Uninfected women who converted to HIV during follow-up were 

categorized as at-risk, uninfected until the time of seroconversion, at which point they 

were right censored.  

3.3.5. Covariates  

All covariates used in this study were from the baseline visit. Sociodemographic 

characteristics include race/ethnicity, annual household income, educational attainment, 

and enrollment wave. Clinical characteristics include BMI, categorized as underweight, 

normal, overweight and obese; average weekly alcohol consumption, categorized as 

abstainer, 0-7, 8-12 and >12 drinks; and smoking status, categorized as current, former, 

never. History of any IDU, any non-IDU recreational drugs, any crack, cocaine, or heroin 

use, diabetes, and Hepatitis C coinfection (active/resolved, never, unknown RNA) were 

also collected.  
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3.3.6. Statistical Analysis  

3.3.6a. Descriptive Analyses 

We examined the distribution of sociodemographic and clinical characteristics for 

WLWH and at-risk, uninfected women. Bivariate chi-square tests for categorical 

variables assessed statistically significant associations between HIV status with each of 

these characteristics.  All tests were performed at the 5% significance level (p <0.05).  

Time to menopause comparing WLWH with at-risk, uninfected women was 

evaluated using the Kaplan-Meier method.72 Age was captured every six months, 

beginning at birth and ending at menopause or a censoring event. Censoring events 

included: hysterectomy or double oophorectomy at follow-up; a single oophorectomy in 

follow-up after reporting a single oophorectomy at baseline; any non-skin cancer event at 

follow-up; death or lost to follow-up; at the time of seroconversion.  Log-rank tests 

assessed statistically significant differences in age of menopause between WLWH and at-

risk, uninfected women.   

3.3.6b. Missing Data  

 Since missing data for the overall sample and for any one covariate at baseline was 

5% and ≤3%, respectively, we used mean imputation for missing values.73 The extent of 

missing data for any one covariate was 3.0% for income, 1.7% for alcohol consumption, 

0.5% for Hepatitis C Coinfection, 0.3% for education, 0.2% for smoking status, non-IDU 

recreational drugs, and any use of crack, cocaine, or heroin, and 0.1% for diabetes.  

3.3.6c. Cox Proportional Hazards Model  

 We assessed the risk of early menopause by HIV status using a Cox Proportional 

Hazards model, adjusting for baseline covariates. Since individuals enter the risk set at 
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the time they enroll in WIHS, rather than at HIV diagnosis, we used an age time scale, 

accounting for age-cohort effects.74 Adjusting by enrollment wave as a time-fixed 

covariate accounts for calendar effects.74 Bivariate analyses guided covariate selection 

and inclusion of the interaction term for Hepatitis C and HIV status. We assessed 

proportional hazards in the weighted Cox model by a robust Wald test (p<0.05). We 

tested the proportional hazards assumption graphically using Kaplan-Meier survival 

curves and quantitatively using martingale and Schoenfeld residuals.72,75 The Kaplan 

Meier curve did not overlap between groups, demonstrating the proportional hazards 

assumption was not violated.75 The martingale and Schoenfeld residuals (p-value >0.05) 

did not detect any deviations from the proportional hazards assumptions for all 

covariates(See Appendix B, Tables B.1 and B.2).72,75    

3.3.6d. Sensitivity Analyses 

To estimate potential bias by mean imputation, we performed complete case 

analysis, excluding women with any missingness at baseline (n=175), and evaluated the 

risk of early menopause between WLWH and at-risk, uninfected women in this 

subpopulation.73,76,77 

3.4. Results  

3.4.1. Description of the Study Cohort 

Among the 3,188 women in the cohort, the majority of women were African-

American (63.1%) and 38% were age 35-44 years at baseline, 68% reported an annual 

income of $18,000 or less, and 49% were enrolled in the 1994-1995 wave (Table 3.1).  
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Table 3.1: Baseline Sociodemographic Characteristics of WLWH and At-risk, Uninfected 

Women in the WIHS 

 

*Assessed statistical significance between sociodemographic characteristics by HIV 

Status 

 

The majority of women had a history of non-intravenous recreational drugs (71.6%) and 

had used crack/cocaine/heroin at least once (53.6%) (Table 3.2).  

 

 

 

 

 

Overall WLWH At-risk, Uninfected Women

n=3,188 n=2,299 n=889

n (%) n (%) n (%)

Age at Baseline 

18-24 years 314 (9.8) 146 (6.3) 168 (18.9)

25-34 years 1293 (40.6) 951 (41.4) 342 (38.5)

35-44 years 1222 (38.3) 937 (40.8) 285 (32.0)

45+ years 359 (11.3) 265 (11.5) 94 (10.6)

Race 

White 664 (20.8) 477 (20.8) 187 (21.0)

African-American 2012 (63.1) 1440 (62.6) 572 (64.4)

Other 512 (16.1) 382 (16.6) 130 (14.6)

Hispanic 740 (23.2) 537 (23.4) 203 (22.8) 0.7536

Income

≤ $18,000 2179 (68.4) 1602 (69.7) 577 (64.9)

> $18,000 913 (28.6) 632 (27.5) 281 (31.6)

Missing 96 (3.0) 65 (2.8) 31 (3.5)

Education

Less than high school 1133 (35.5) 836 (36.4) 297 (33.4)

Completed high school 943 (29.6) 676 (29.4) 267 (30.0)

Some college/advanced 

degree
1103 (34.6) 784 (34.1) 319 (35.9)

Missing 9 (0.3) 3 (0.1) 6 (0.7)

Enrollment Wave

Wave 1 (1994-1995) 1568 (49.2) 1211 (52.7) 357 (40.1)

Wave 2 (2001-2002) 902 (29.3) 567 (24.6) 335 (37.7)

Wave 3 (2011-2012) 222 (7.0) 176 (7.7) 46 (5.2)

Wave 4 (2013-2016) 496 (15.5) 345 (15.0) 151 (17.0)

<0.0001

0.0149

0.327

Baseline 

Sociodemographic 

Characteristics

P-value 

<0.0001

0.3856
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Table 3.2: Baseline Clinical Characteristics of WLWH and At-risk, Uninfected Women in the 

WIHS 

 

*Assessed statistical significance between clinical and social characteristics by HIV 

Status 

Overall WLWH At-risk, Uninfected Women

n=3,188 n=2,299 n=889

n (%) n(%) n(%)

Body Mass Index 

Underweight 165 (5.2) 119 (5.2) 46 (5.2)

Normal 1010 (31.7) 744 (32.4) 266 (29.9)

Overweight 895 (28.1) 683 (29.7) 212 (23.8)

Obese 1118 (35.1) 753 (32.7) 365 (41.1)

Diabetes

Yes 145 (4.6) 98 (4.3) 47 (5.3)

No 3040 (95.3) 2198 (95.6) 842 (94.7)

Missing 3 (0.1) 3 (0.1) 0

Heptatitis C Coinfection

Active/Resolved Infection 671 (21.0) 547 (23.8) 124 (13.9)

No Infection 2423 (76.0) 1681 (73.1) 742 (83.5)

Unknown, testing needed 78 (2.5) 58 (2.5) 20 (2.3)

Missing 16 (0.5) 13 (0.6) 3 (0.3)

Smoking Status

Current Smoker 1572 (49.3) 1090 (47.4) 482 (54.2)

Former Smoker 455 (14.3) 349 (15.2) 106 (11.9)

Never Smoked 1156 (36.2) 855 (37.2) 301 (33.9)

Missing 5 (0.2) 5 (0.2) 0

Alcohol Use per Week

Abstainer 1399 (43.9) 1053 (45.8) 346 (38.9)

>0-7 drinks/wk 1315 (41.3) 945 (41.1) 370 (41.6)

>7-12 drinks/wk 128 (4.0) 77 (3.4) 51 (5.7)

>12 drinks/wk 291 (9.1) 180 (7.8) 111 (12.5)

Missing 55 (1.7) 44 (1.9) 11 (1.2)

Ever Used Nonintravenous 

Recreational Drugs

Yes 2282 (71.6) 1578 (68.6) 704 (79.2)

No 899 (28.2) 715 (31.1) 184 (20.7)

Missing 7 (0.2) 6 (0.3) 1 (0.1)

Ever Used 

Crack/Coccaine/Heroin

Yes 1709 (53.6) 1221 (53.1) 488 (54.9)

No 1472 (46.2) 1072 (46.6) 400 (45.0)

Missing 7 (0.2) 6 (0.3) 1 (0.1)

Ever Used Intravenous 

Drugs

Yes 702 (22.0) 536 (23.3) 166 (18.7)

No 2485 (77.9) 1762 (76.6) 723 (81.3)

Missing 1 (0.1) 1 (0.1) 0

0.0045

<0.0001

0.3867

<0.0001

Baseline Clinical 

Characteristics
P-value 

<0.0001

0.0017

<0.0001

0.2161
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3.4.2. Comparison of Cohort Characteristics by HIV Status 

 Of the 3,188 women, 2,299 (72.1%) were WLWH and 889 (27.9%) were at-risk, 

uninfected women. More WLWH were age 35-44 years at baseline (40.8% vs. 32.0%; 

p<0.0001) and in the first enrollment wave (52.7% vs. 40.1%; p<0.0001) compared to at-

risk, uninfected women, respectively (Table 3.1). A significantly higher proportion of 

WLWH, compared to at-risk, uninfected women, reported an annual income of ≤$18,000 

(69.7% vs. 64.9%, respectively; p<0.05).  Bivariate associations with HIV status (Table 

3.2) show that a significantly lower proportion of WLWH consumed >12 drinks per week 

(7.8% vs. 12.5%; p<0.0001), were current smokers (47.4% vs. 54.2%; p<0.01), and ever 

used non-intravenous recreational drugs (68.6% vs. 79.2%; p<0.0001) than at-risk, 

uninfected women, respectively. Compared to at-risk, uninfected women, a significantly 

higher proportion of WLWH had Hepatitis C infection (23.8% vs. 13.9%; p<0.0001) and 

were intravenous drug users (23.3% vs. 18.7%; p<0.01).  

3.4.3. Age of Menopause 

Of the 3,188 women in our sample, 871 women (27.3%) experienced menopause 

during the study period and 2,317 women experienced censoring events. The median age 

of menopause for WLWH and at-risk, uninfected women was 51 years (95% CI: 51-52 

years) and 53 years (95% CI: 52-54 years), respectively. Figure 3.1 demonstrates parallel 

trajectories between the two groups but an earlier decline for WLWH than at-risk, 

uninfected women (p<0.0001). When analyzing by HIV status, there was a higher 

probability of reaching menopause at age 45 years for WLWH (11%) compared to at-

risk, uninfected women (5%).  
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Figure 3.1: Time to Age at Menopause by HIV Status in the WIHS 

*hiv=0 denotes at-risk, uninfected women; hiv=1 denotes WLWH 

 

3.4.4. Risk of Early Menopause by HIV Status 

WLWH have two-fold higher risk of early menopause than at-risk, uninfected 

women, after adjusting for baseline demographic and clinical characteristics (Adjusted 

Hazard Ratio (aHR): 2.27, 95% CI: 1.37-3.78; Figure 3.2).  
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Figure 3.2: The Risk of Early Menopause in Women Living with HIV compared to At-risk, 

Uninfected Women† 

†Results are modeled for women living with HIV, with at-risk, uninfected women as the 

reference group; Hazard Ratio shown with 95% Confidence Intervals 

SA: Sensitivity Analysis, Complete Case  

*Adjusted: Sociodemographic (e.g., income, education, enrollment wave, race/ethnicity) 

and clinical characteristics (e.g. BMI, alcohol consumption, smoking status, diabetes, 

Hepatitis C coinfection, previous history of IDU, any non-IDU recreational drug use, and 

any use of crack, cocaine, or heroin).  

 

Complete case sensitivity analysis with 3,013 women demonstrated similar findings to 

the main analysis (Figure 3.2; aHR: 2.35, 95% CI: 1.38-4.02).  The only other significant 

associations with early menopause were a 48% decreased risk (HR: 0.52, p=0.0082) with 

advanced education at baseline and a lower risk for women in later enrollment waves 

compared to the first enrollment wave (p<0.01). The interaction between Hepatitis C and 

HIV was not significant (p=0.37) and due to the wide confidence interval suggestive of 

an unstable estimate, the interaction term was removed from the adjusted model. 
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3.5. Discussion 

WLWH reach menopause at statistically significant earlier ages and are at an 

increased risk of experiencing early menopause than at-risk, uninfected women, despite 

both groups having similar trajectories to age at menopause and overlapping CIs. The 

median age of menopause for WLWH was 51 years, which is approximately one to four 

years older than previously reported studies.3,11,13 This could be attributed to a different 

definition of menopause in our study compared to other reported findings. For this study, 

we used the AMH biomarker and prolonged amenorrhea without resumption of menses to 

confirm menopause using longitudinal clinical data, whereas prior investigations were 

based solely on self-reported menopause from cross-sectional data.3,11,13 Despite the 

differences in age of menopause between our study and previous reports, the overall 

finding of WLWH entering menopause at earlier ages than non-infected women is 

consistent with previous literature.  

In our study, HIV status was strongly associated with early menopause after 

accounting for baseline covariates. Also, our findings suggested that advanced education 

was associated with decreased risk of early menopause. Lower levels of education, in 

addition to low socioeconomic status and African American race, have been associated 

with experiencing menopause at earlier ages, both in WLWH and the general 

population.13,15,64 In addition to these factors, HIV disease-modulating factors, such as 

viral load and CD4+ count, have been previously associated with AMH, which may 

contribute to the risk of early menopause in WLWH.3,9,10 Although we could not 

investigate the role of viral load and CD4+ count in this study due to the uninfected 

comparison group, future research should assess the role of these predictors in early 
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menopause to determine if disease progression markers moderate the risk of experiencing 

early menopause.  

The higher risk of early menopause among WLWH relative to uninfected women 

raises public health concerns about the disproportionate risk for chronic health conditions 

(i.e., bone density, fractures, and cardiovascular disease) that accompany menopause at 

an earlier age.4–8 The onset of these diseases at an age earlier than typically seen can 

result in diminished quality of life, leading to increased mortality, specifically 

cardiovascular-related and cancer-related mortality.45,55–57,60,61 In a population of women 

with a comorbid infection such as HIV, experiencing these aging-related comorbidities 

can result in poor HIV disease management and reduced longevity and quality of 

life.51,55,56 Currently, there is a lack of guidance regarding cancer and bone density 

screenings as well as cognitive impairment assessments in WLWH and future research 

focused on the post-menopausal care of this vulnerable population is warranted.78,79 

The study has several notable strengths. First, this study uses AMH in conjunction 

with prolonged amenorrhea to determine age at menopause among WLWH, which is a 

more objective measure. Second, the use of laboratory data to confirm self-reported 

menses in the past six months mitigates the recall bias that previous studies have been 

subjected to when capturing age of menopause.2,3,11,13,21,80 Third, the complete case 

sensitivity analysis demonstrated similar findings to the main analysis which used mean 

imputation of missing variables, suggesting that our findings were valid. Fourth, the 

WIHS data are generalizable to WLWH in the US. Finally, the longitudinal data are a 

strength because we are able to determine the age at which WLWH are transitioning into 

menopause. One limitation of the dataset was limited follow-up on women from recent 
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enrollment waves, which may account for the censoring events prior to age 45 years. 

However, the nearly 13 years of follow-up from the first two enrollment waves provided 

a sufficient sample size to determine age of menopause. Another limitation of our data is 

that we could not obtain date of birth in order to maintain the participants’ privacy. 

Therefore, we calculated age of menopause based on age at FMP.  

WLWH are transitioning into menopause at earlier and are at an increased risk of 

experiencing early menopause than at-risk, uninfected women. The clinical implications 

of the risk of early menopause to WLWH include understanding how this phenomenon 

affects the onset of post-menopausal outcomes and necessary transitions in care. Our 

research addresses the WIHS Gynecology scientific working group’s aim to determine 

the age of menopause in this population in order allow for coordination of future studies 

to assess the effects of menopause on women aging with HIV. Future research efforts 

should focus on whether antiretroviral therapy, through its effect on viral load, negates 

the risk of early menopause in WLWH, thus delaying the onset of post-menopausal 

outcomes. 
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Chapter 4 The Risk of Early Menopause with Time-Varying Antiretroviral Therapy 

Among Women Aging with HIV 

4.1. Abstract  

Introduction: Decreased CD4+ count and increased viral load leading to a decrease in 

AMH, a biomarker of menopausal transition, have been suspected as mechanisms for 

early menopause among WLWH. Although adherence to ART can decrease viral load, 

allowing for the increase in CD4+ count, there is limited evidence on the effect of ART 

adherence on early menopause among WLWH.  

Objective: To evaluate the association between ART adherence and early menopause 

among WLWH in a longitudinal cohort. 

Methods: We used the WIHS, a nationwide, multi-center, prospective cohort to identify 

1,955 WLWH 18 years or older. Longitudinal data was obtained every six months from 

study entry until the earliest confirmation of menopause or end of study (12/31/2018). 

Using self-report of the percentage of time on ART in the past six months, use ≥75% of 

time was defined as adherent and anything less was non-adherent. Confirmation of 

menopause was based on 12 months or more without resumption of menses and AMH 

<0.20ng/mL at final menstrual period. Early menopause was defined as age 45 or 

younger at confirmation of menopause. Bivariate analyses tested for statistically 

significant differences between ART adherence and non-adherence on sociodemographic 

(i.e., education, income, race, enrollment wave, etc.) and clinical (i.e., CD4+ count, viral 

load, non-prescribed drug use, etc.) characteristics at study entry. A Cox proportional 

hazards marginal structural model with stabilized weights was used to estimate the hazard 

of early menopause as a function of time-varying ART use, adjusting for time-fixed 

sociodemographic and time-varying clinical confounders.  
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Results: Of the 1,955 women in our cohort at study entry, the majority was African 

American (63.0%), reported an annual income of $18,000 or less (68.7%), was age 35 

years and older (61.1%), and had a detectable viral load (60.5%). A higher proportion of 

the 1,217 women with ART adherence at study entry were Hispanic (p<0.05), in the last 

enrollment wave (p<0.0001) and had an undetectable viral load (p<0.0001). In the 

weighted models with and without ART therapeutic classes, the hazard of ART 

adherence on the risk of early menopause was 0.73 (95% CI: 0.50-1.06) and 2.61 (95% 

CI: 1.22–5.58), respectively.  

Conclusions: ART adherence demonstrated a non-significant decreased risk of early 

menopause among WLWH, when accounting for time-varying factors such as CD4+ 

count, viral load, and ART therapeutic classes. Future research should investigate the 

individual ART regimens and its impact on disease-modulating factors to better 

understand the mechanism underpinning early menopause in this vulnerable population.  

4.2. Introduction 

Early menopause among WLWH is an area of increasing clinical and research 

attention over the past 20 years. WLWH are at a higher risk of early menopause than un-

infected women, but it is unclear whether the disease and/or treatment contribute to this 

phenomenon. Several studies demonstrate a link between high viral load, low CD4+ 

count and low AMH, a biomarker for ovarian reserve that is predictive of menopause 

transition.3,9,10 The mechanism of action for ART is to decrease viral load, allowing for 

increased CD4+ count; thus, it is biologically plausible that treatment could indirectly 

delay the progression of lowering AMH levels, which in turn is associated with 

menopause. 
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Empirical data on ART use and early menopause are limited. Cross-sectional 

study designs report no significant association between ART use and menopausal onset, 

but these studies did not account for time-varying ART exposure nor do they consider the 

adequacy of adherence to ART regimens.2,3,11,12 In one cross-sectional study, 

investigators suggest that ART use may contribute to an older age of menopausal onset 

by increased CD4+ count (although findings were not statistically significant).3 

Longitudinal studies that can assess time-varying ART exposure while also accounting 

for changes in disease-modulating factors, such as CD4+ count and viral load, are 

lacking.  

This study addresses this gap by evaluating ART adherence in a time-varying 

longitudinal model, adjusting for changes in CD4+ count and viral load over time. The 

goal of the present study is to investigate whether adequate adherence to ART reduces the 

risk of early menopause among WLWH. Based on adherence of new therapies (e.g. 

integrase inhibitors), we hypothesize that women with ≥75% adherence to ART will have 

a lower risk of early menopause compared with women with <75% ART adherence.81 

The study aims are to: 1) evaluate time-varying ART adherence from the index study 

visit through the end of follow up; and 2) estimate the causal effect of ART adherence on 

early menopause, accounting for time-varying confounders.  

4.3. Methods 

4.3.1. Data Source  

The WIHS is a United States-based multi-site, prospective cohort of 4,982 women 

living with or at risk for HIV.63 WIHS enrollment waves occurred in 1994-1995 (wave 

1); 2001-2002 (wave 2); 2011-2012 (wave 3); 2013-2016 (wave 4) and study sites went 
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from six in 1993 to 11 by 2016.50,63 To be enrolled in WIHS, women had to: 1) be age 13 

years or older, 2) agree to have an HIV test, 3) speak English or Spanish, 4) live in 

proximity to clinic site, and 5) donate blood for laboratory testing.63 All eligible women 

complete a comprehensive, in-depth interview with a trained WIHS staff member at 

baseline. i.e., enrollment. and every six months thereafter.63 Women provide information 

on their sociodemographic history, medical history, including obstetric/gynecological and 

contraceptive history, current clinical conditions, history of alcohol, tobacco and other 

intravenous or non-intravenous drug use, including crack, cocaine, or heroine, and 

medication use (i.e. ART, prophylaxis, etc.). Healthcare professionals perform physical 

and gynecological examinations semiannually.63 WIHS staff undergo annual centralized 

training to assure standardization of methods to collect blood biological specimens (e.g. 

virologic, immunologic, fasting metabolic markers, liver/renal function, urine, hair, etc.) 

every six months. Some specimen testing is conducted locally (e.g., CD4+ count, 

liver/renal chemistries, etc.) whereas others (i.e., AMH) are done at a central location. 

WIHS staff abstract information from hospital medical records and registries, collect 

blood specimens for laboratory tests,63 and validate self-reported information against 

medical record and laboratory data.50,63    

4.3.2. Study Design  

This study used a longitudinal cohort design to investigate the causal association 

between ART use with early menopause among WLWH. Modern-day combination ART 

was state-of-the-art therapy as of 1997, before which HIV treatment consisted of HAART 

from early clinical trials or many individuals did not use any treatment.14,50,82 Since 

women in wave 1 were enrolled prior to 1997, we used visit 9 as study entry, which was 
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in 1997. For all other enrollment waves, study entry was their first enrollment visit in 

WIHS. Women were followed forward until they experienced the outcome (i.e., early 

menopause) or the end of study (12/31/2018), whichever came first.  

4.3.3. Study Cohort 

Of the 4,982 women in WIHS, we excluded those who reported at baseline a) age 

less than 18 years-old, b) menopause and did not resume menses during follow-up, c) a 

hysterectomy, uterine cancer, or double oophorectomy, d) any type of cancer, except skin 

cancer and e) uninfected for HIV. In addition, we excluded women without follow-up 

data after baseline or had missing data at all study visits. This left 1,955 women for the 

final analytic cohort (Figure 4.1).    



71 

 

 

Figure 4.1: Exclusion Criteria 
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4.3.4. Dependent Variable: Early Menopause   

 Confirmation of menopause was based on a) AMH <0.20 ng/mL prior to FMP and 

b) prolonged amenorrhea for >12 consecutive months without resumption of menses. 

Once menopause was confirmed, age at FMP determined age at menopause. Early 

menopause was operationalized as ‘yes’ if this occurred before age 45. Women who had 

not reached early menopause by their last follow-up visit were censored.  

4.3.5. Independent Variable: ART Adherence 

Self-report ART use was captured at each six-month follow-up visit and analyzed 

as a time-varying exposure. ART use was operationalized using the variable for 

percentage of time on ART in the past six months and dichotomized for the analysis, 

whereby ≥75% of time defined adherent and anything less was non-adherent.83  

4.3.6. Covariates 

4.3.6a. Time-varying Confounders 

Time-varying confounders are risk factors that affected by prior exposure, that 

predict future exposure, and related to the outcome of interest.  The HIV-related time-

varying confounders collected at study entry and at each six-month visit were CD4+ 

count (categorized as <200 cells/mm3, 200-499 cells/mm3, and ≥500 cells/mm3); and HIV 

RNA viral load (categorized as detectable and undetectable according to laboratory 

assay).3,9,12,16,17,48,51,84–86 Time-varying physical and lifestyle factors measured at study 

entry and every six months thereafter were IDU; non-IDU (i.e., recreational drug use); 

BMI (categorized as underweight, normal, overweight and obese); average weekly 

alcohol consumption (categorized as abstainer, 0-7, 8-12 and >12); and smoking status 

(categorized as current, former, never).2,14,15,41,84,87–89 Time-varying ART therapeutic 
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classes captured at study entry and every six months were any use of each therapeutic 

class (e.g. entry inhibitors, protease inhibitors, NRTIs, NNRTIs, and integrase 

inhibitors).51  

4.3.6b. Time-fixed Covariates 

Recorded at baseline, the time-fixed covariates included race/ethnicity, annual 

household income, educational attainment, enrollment wave, and Hepatitis C coinfection.  

4.3.7. Directed Acyclic Graphs (DAG) 

We used a directed acyclic graph (DAG) to evaluate the identifiability 

assumptions, which are a set of conditions where causal effects can be estimated using 

observed data.90 This visual tool can assess potential sources of bias in estimating causal 

effects.90 Figure 4.2 illustrates the causal relationship between the exposure (E=ART 

adherence) and the outcome (Y=early menopause).  

 
Figure 4.2: DAG Demonstrating the Causal Relationship between ART Adherence and Early 

Menopause 

En, Exposure – ART Adherence  

Y, Outcome – Early Menopause  

X0, Time-Fixed Confounders – race/ethnicity, income, education, Hepatitis C coinfection, 

and enrollment wave 

Ln , Time-Dependent Confounders – viral load, CD4+ count, ART therapeutic class, 

alcohol use, IDU, non-intravenous recreational drug use, BMI, and smoking status  

Un , Unmeasured Confounders – low physical activity, poor diet, ART adverse events  
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The vector of observed time-varying confounders (L) include HIV-related factors (e.g., 

CD4+ count, viral load) as well as clinical characteristics (e.g., smoking status, alcohol 

use, recreational drug use, etc.).2,3,14,17 Observed time-fixed covariates (X) include 

sociodemographic characteristics (e.g., socioeconomic status, education, and 

race/ethnicity).15,42,58 We hypothesize that there are unmeasured confounders (U) (e.g., 

diet/nutrition, ART side effects, prenatal exposure, etc.).  

4.3.8. Statistical Analysis  

4.3.8a. Descriptive Analyses 

We examined the distribution of sociodemographic and clinical characteristics for 

ART adherent and non-adherent users. Bivariate chi-square tests for categorical variables 

assessed statistically significant associations between exposure status with each of these 

characteristics.  All tests were performed at the 5% significance level (p <0.05).  

We explored the proportion of ART adherent users and proportion of ART 

therapeutic class use by visit. The proportion of adherent users was calculated as the 

number of women reaching adherence at a particular visit by the number of women at 

that visit. The proportion of ART therapeutic class use was estimated as the number of 

women using a particular ART regimen at a particular visit divided by the number of 

women at that visit.   

4.3.8b. Missing Data  

At study entry, the extent of missing data for any one covariate was 3.8% for 

CD4+ count, 3.4% for viral load, 3.1% for income, 1.5% for alcohol consumption, 1.4% 

for IDU and non-IDU, 1.0% for smoking status, 0.5% for Hepatitis C Coinfection, and 

0.2% for education. Since missing data for any one covariate was <5%, we used mean 
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imputation for missing values.73 Similar to study entry, the percent of missing data was 

<5% in follow-up for each covariate and therefore last observation carried forward was 

used.76,91  

4.3.8c. Marginal Structural Cox Proportional Hazards Model 

To address issues with adjusting for time-varying confounders that are on the 

causal pathway, we used marginal structural models. Equation 1 shows the marginal 

structural Cox Proportional Hazards model to examine the association between ART 

adherence and early menopause, adjusting for time-varying and time-fixed covariates, 

where ki(1)< ki(2) <… ki(M) is each visit every six months and X1i(k(m)) is the status of ART 

adherence at time k(m).
92  

At time k(m), λ0 (k(m)) is the baseline hazard function and λTx̄ (k(m)|Z) is the hazard 

function for Tx̄  at time k(m) conditional on Z, a vector corresponding to time-fixed 

confounders measured at study entry.92 Since individuals enter the risk set at the time 

they enroll in WIHS, rather than at HIV diagnosis, we used an age time scale, accounting 

for age-cohort effects.74 Adjusting by enrollment wave as a time-fixed covariate and ART 

therapeutic classes as a time-varying confounder account for potential calendar effects as 

types of treatment change over time.74,81 Censoring events included: hysterectomy or 

double oophorectomy at follow-up; a single oophorectomy in follow-up after reporting a 

single oophorectomy at baseline; any non-skin cancer event at follow-up; death or lost to 

follow-up; at the time of seroconversion. We estimated the crude incidence rate (per 

1,000 person-years) and unadjusted HR of ART adherence on early menopause. We 

assessed proportional hazards in the weighted Cox model by a robust Wald test (p<0.05). 

Stabilized weights were used to fit time-varying confounders at time k(m).  

         λTx̄ (k(m)|Z) = λ0 (k(m)) +exp(α1x(k(m)) + α’2Z1)                                         (1) 
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To calculate the stabilized weight, we first calculated the exposure and censoring 

weights at each observation. The exposure weight numerator is the standard probability 

of treatment given previous treatment and time-fixed covariates, and the denominator is 

the pooled probability of treatment given previous treatment, time-varying covariates 

from the previous visit, and time-fixed covariates.86 Pooled logistic regression models 

were used to calculate the probabilities in the numerator and denominator, modeled for 

ART non-adherence (see Appendix C, Table C.1). Inverse probability treatment weights 

were calculated for the probability of ART adherence at each visit.     

To calculate the censoring weight (wDi), we also performed similar pooled logistic 

regression models given the conditional probabilities of the numerator and 

denominator.92 To estimate the conditional probabilities of the numerator, predictors 

included treatment reported at the current visit and time-fixed covariates (see Appendix 

C, Table C.2). To estimate the conditional probabilities of the denominator, predictors 

included treatment at the current visit, time-fixed covariates, and time-varying covariates.  

The stabilized weight (W(t)) used in the marginal structural model is the product 

of the exposure weight (wxi) and the censoring weight (Equation 2).92 

For extreme stabilized weights, it is recommended to trim extreme values at 1st and 99th 

percentiles.93–95 Therefore, we performed marginal structural Cox Proportional Hazards 

models with untrimmed and trimmed weights (see Appendix C, Table C.3). We 

compared demographic/clinical characteristics for WLWH with trimmed weights (n=93) 

compared to those with untrimmed weights (n=1862). 

4.3.8d Sensitivity Analysis 

    W(t) = wx (t) x wD (t)                                                                (2) 

                     (2)          
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 The measure for ≥75% ART adherence in the past six months was supported by 

previous studies demonstrating 75% adherence to integrase inhibitors and NNRTIs had 

achieved viral suppression.81 However, older therapies, such as unboosted protease 

inhibitors, needed higher levels of adherence to achieve viral suppression.81 To estimate 

potential bias from the adherence measure, we performed sensitivity analysis 

operationalizing ART adherence as ≥95% of the time in the past six months and 

evaluated the risk of early menopause between ART adherence and non-adherence. As in 

the primary analysis, we trimmed the extreme stabilized weights at the 1st and 99th 

percentiles and performed marginal structural Cox Proportional Hazards models with 

untrimmed and trimmed weights (see Appendix C, Table C.3).   

4.4. Results  

4.4.1. Description of the Study Cohort 

Among the 1,955 women in our cohort at study entry, the majority were African 

American (63.0%), 68.7% reported an annual income of $18,000 or less, 61.1% were age 

35 years and older, and 34.9% had some college or an advanced degree (Table 4.1).  
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Table 4.1: Sociodemographic Characteristics by ART Adherence of 1,955 WLWH at Study Entry 

in the WIHS  

 

*Assessed statistical significance between sociodemographic characteristics by ART adherence 

 

Most women had a detectable viral load (60.5%) and 36.6% qualified as obese (Table 

4.2). In the six months prior to study entry, 52.5% abstained from alcohol, 44.5% 

smoked, and 25.9% used non-IUD drugs.  
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Table 4.2: Clinical Characteristics in the Prior Six Months by ART Adherence of 1,955 WLWH 

at Study Entry in the WIHS  

 
*Assessed statistical significance between sociodemographic characteristics by ART Adherence
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Adherence increased over time, with 62% and 94% of WLWH at least ≥75% adherent at 

study entry and the last visit, respectively (see Appendix C, Figure C.1). The proportion 

of WLWH taking integrase inhibitors increased over time whereas the proportion of 

WLWH taking NRTIs remained above 65% (see Appendix C, Figure C.2).  

4.4.2. Comparison of Cohort Characteristics by ART Adherence 

 In the six months prior to study entry, 1,217 (62.3%) had ART adherence and 738 

(37.7%) had ART non-adherence. Compared to ART non-adherent users, a significantly 

higher proportion of women with ART adherence were Hispanic (24.9% vs. 21.0%; 

p<0.05) and in enrollment wave 4 (21.4% vs. 11.4%; p<0.0001), and a lower proportion 

were African American (60.4% vs. 67.4%; p<0.01; Table 4.1). As seen in Table 4.2, a 

significantly higher proportion of women with ART adherence had undetectable viral 

load (51.5% vs. 10.7%; p<0.0001), CD4+count ≥ 500 cells/mm3 (43.6% vs. 38.1%; 

p<0.01) and abstained from alcohol (55.3% vs. 47.8%; p<0.01) than women with ART 

non-adherence. Relative to ART non-adherent users, a significantly lower proportion of 

ART adherent users were current smokers (40.0% vs. 52.1%; p<0.0001) and reported 

IDU (1.9% vs. 4.3%; p=0.001) and non-IDU (22.4% vs. 31.7%; p<0.0001), respectively.  

4.4.3. Risk of Early Menopause by ART Adherence 

The 1,955 participants were followed for up to 20 years, yielding 15,377 person-

years of follow-up, during which time 79 women experienced early menopause. Table 

4.3 shows the crude and weighted hazard ratios with 95% CIs for the effect of adherent 

ART use on the risk of early menopause.  
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Table 4.3: The Relationship between ART Adherence and Early Menopause among 1,955 

WLWH followed for 15,377 person-years in the WIHS.  

 

*Weighted: Accounts for prior ART use as well as time-varying confounders (e.g., viral load, CD4+ count, 

alcohol use, intravenous drug use, non-intravenous recreational drug use, body mass index, and smoking 

status) and time-fixed covariates (e.g. race/ethnicity, income, education, Hepatitis C coinfection, and 

enrollment wave).  

†Weighted, with ART therapeutic classes: In addition to the variables specified in the previous weighted 

model, this weight also accounts for ART therapeutic classes (e.g., entry inhibitors, protease inhibitors, 

NNRTIs, NRTIs, and integrase inhibitors).  

‡Trimmed weights at the 1st and 99th percentiles to account for extreme stabilized weights. Model weighted 

to account for time-fixed and time-varying confounders, including ART therapeutic classes.  
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The unadjusted HR for ART adherence was 0.60 (95% CI: 0.38-0.96). In the adjusted 

weighted model that did not account for time-varying ART classes, the hazard for ART 

adherence was 2.61 (95% CI: 1.22–5.58). In the adjusted weight model accounting for 

ART therapeutic classes, the HR for ART adherence was 0.73 (95% CI: 0.50-1.06). After 

trimming for extreme weights, the hazard for ART adherence was 0.84 (95% CI: 0.70-

1.01). Sensitivity analysis using ≥95% ART adherence in the past six months 

demonstrated similar findings to the main analysis accounting for untrimmed (aHR: 0.91, 

95% CI: 0.71-1.17) and trimmed weights (aHR: 0.80, 95% CI: 0.66-0.97). 

 The majority of sociodemographic and clinical characteristics were similar 

between women with untrimmed weights and those with extreme weights (see Appendix 

C, Table C.4). Compared to women with untrimmed weights, there was a significantly 

higher proportion of women with extreme weights from earlier enrollment waves and 

detectable viral load at study entry (p<0.05) and a significantly lower proportion of 

women with ≥75% ART adherence at study entry (p<0.01).  

4.5. Discussion 

In this study of 1,955 WLWH in the WIHS followed for 15,377 person-years, we 

found that ≥75% ART adherence demonstrated a 2.6 higher risk of early menopause, 

after adjusting for time-varying disease-modulating confounders, such as viral load and 

CD4+ count. However, when accounting for ART therapeutic classes, ≥75% ART 

adherence exhibited a non-significant decreased risk of early menopause among WLWH. 

Sensitivity analysis using a measure of ≥95% ART adherence in the past six months 

supported the main findings.  At study entry, approximately 62% and 52% of women had 

≥75% and ≥95% ART adherence in the past six months, respectively. 
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Our hypothesis that ART adherence would be less likely to be associated with 

early menopause was based on biological factors. If ART reduces the viral load, which 

would allow for increases in CD4+ count, this could possibly delay AMH decline, and 

thereby lower the risk of early menopause. When not accounting for ART therapeutic 

classes, this was not supported by the data. However, when we accounted for ART 

therapeutic classes in the stabilized weight, there was a non-significant protective effect 

of ART adherence on early menopause. There could be several reasons for this, which 

have implications for future research in this area.  

For one, the exploration of individual ART therapeutic classes on the risk of early 

menopause could inform clinical care for younger WLWH. The addition of ART 

therapeutic classes in the weighted model shifted the point estimate from a significant 

risk to a non-significant protective effect. This suggests that the type of ART regimen 

could play a role tempering the effect of disease-modulating factors such as viral load and 

CD4+ count. With the uptake of integrase inhibitors in more recent years, longer follow-

up time on the fourth enrollment wave is needed to see the effects of integrase inhibitor 

adherence on early menopause.81  

Second, the changes in viral load and CD4+ count require more time to witness 

any meaningful effect on AMH. Our unadjusted model suggested a protective effect of 

ART adherence on early menopause; but when accounting for disease-modulating 

factors, the point estimate changed to the other side of the null. Cross-sectional studies 

demonstrated increased viral load and decreased CD4+ count are associated with 

decreased AMH, but it is not clear how high a CD4+ count or low a viral load must be to 

effect AMH levels.2,9 Cumulative ART exposure has previously been associated with 
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increased AMH, after only adjusting by age; however, when accounting for viral load and 

CD4+ count, these findings were not significant.9 Although the authors captured AMH 

and other measures cross-sectionally and did not account for time-varying exposure, this 

was similar to our findings of an unadjusted protective effect of ART adherence on early 

menopause and an increased risk when adjusting for time-varying confounders without 

ART therapeutic classes. It is possible that previously low CD4+ count and high viral 

load may be contributing to time-varying ART adherence, but these disease-modulating 

factors also contributed to early menopause.   

There are several strengths of this study. One is the WIHS longitudinal cohort, 

which provides a long follow-up to study menopausal onset. Laboratory results, in 

addition to self-report data, allow for a comprehensive assessment of WLWH 

transitioning into menopause. Access to data on biomarkers and laboratory values that 

serve as proxies for disease severity and immunodeficiency is a unique strength of the 

data. Also, our definition of menopause is a study strength as it uses the AMH biomarker 

in conjunction with prolonged amenorrhea to capture age of menopause. Confirmation of 

self-report data mitigates the recall bias that previous cross-sectional studies have been 

subjected to when capturing age of menopause. Another strength of this study is the 

ability to adjust for time-varying exposure in the presence of time-varying confounders 

using a robust analytic model.96 

There are several limitations worthy of mention. We were unable to follow 

women from time of HIV diagnosis. Therefore, it was difficult to ascertain the length of 

time since HIV diagnosis and initial use of ART. We used age as the time scale, rather 

than time since enrollment, in order to mitigate this issue, by evaluating a natural time to 
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event.74 As mentioned previously, the data were collected every six months, which does 

not provide a granular measure of time-varying treatment exposure. We attempted to 

mitigate this by using the percent of use in the past six months as opposed to a binary 

indicator of use. Lastly, our measure of ART adherence had little variability and may not 

have been sensitive to changes in adherence on a weekly or monthly basis. Thus, the 

average adherence over a six-month period dilutes variation in adherence. We used the 

adherence measure available in our data as ≥75% in the past six months, consistent with 

recent literature of treatment adherence thresholds necessary to achieve viral 

suppression.81 We performed sensitivity analysis measuring adherence at ≥95% in the 

past six months, consistent with previous literature of older treatment adherence 

thresholds, which validated our primary findings.81 Even with these limitations, the 

WIHS data are one of the richest data sources available to study WLWH. 

Ongoing WIHS initiatives have focused on whether disease-modulating factors 

and/or treatment impact menopausal onset. This is critical for the management of post-

menopausal comorbidities that will affect this already vulnerable population. This study 

attempted to address this question using clinic visit data and adjusted for disease-

modulating factors such as CD4+ count and viral load to account for whether ART was 

managing immunosuppression induced by HIV. Future research endeavors should 

attempt to capture ART use by therapeutic class and on a weekly or monthly basis to 

better assess the effects of time-varying exposure on early menopause.  

 

 



86 

 

Chapter 5 Summary  

The results of this dissertation research supported the hypothesis that WLWH 

reached menopause at a significantly earlier age and had a two-fold higher risk of early 

menopause compared to at-risk, uninfected women. Age of menopause differed by 

approximately seven years when comparing the traditional method of 12 months of 

amenorrhea with one that accounts for AMH level. However, ≥75% ART adherence 

demonstrated a non-significant decreased risk of early menopause among WLWH, when 

accounting for time-varying factors such as CD4+ count and viral load.   

This research adds significantly to our understanding of early menopause among 

WLWH.  One important contribution was incorporating a biomarker to confirm 

menopause. By comparing the biomarker-confirmed menopause to the traditional 

definition of 12 months of amenorrhea we ascertained whether the traditional method was 

congruent with or over/under-estimated age at menopause transition. This finding has 

important implications for accurately determining the risk of early menopause among 

WLWH.  

A second important contribution was evidence of the causal role of disease 

modulating factors and ART in the risk of early menopause. Research has shown that 

viral load and CD4+ count are associated with AMH.9 It is possible that ART could aid in 

reversing premature decline in AMH by its effect on decreasing viral load and increasing 

CD4+ count. This research accounted for disease modulating factors as time-varying 

confounders along with time-varying ART adherence and found a significant association 

with an increased risk of early menopause. However, when we adjusted for the type of 

ART therapeutic classes in our model, the association between ART adherence had a 
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lower and non-significant risk of early menopause. This may suggest that specific ART 

regimens may be protective against the role of disease-modifying factors in early 

menopause. Achieving viral suppression is needed to increase CD4+ count, and since 

CD4+ count is positively associated with AMH, increased trajectories of CD4+ count 

over prolonged periods of time may be needed to prevent AMH decline.9,14   

5.1. Public Health Implications 

The FDA recommends that AMH be used in addition to other clinical assessments 

to ascertain menopause.66 Women currently can access AMH testing during routine 

reproductive healthcare visits, through direct-to-consumer testing, and in a clinical setting 

at low cost when not covered by insurance.97 AMH can improve the precision in 

determining age of menopause, particularly among WLWH who have erratic patterns of 

amenorrhea. A precise measure of menopausal onset can lay the foundation for a wealth 

of research on the mechanisms contributing to early menopause as well as the health risks 

and outcomes of WLWH who experience early menopause.   

The higher risk of early menopause among WLWH has important implications for 

comprehensive chronic disease management. Without proper post-menopausal care, the 

onset of comorbidities and adverse events related to ART may lead to complications later 

in life for WLWH. For example, menopause and preventive bone health are critical, so 

adding supplements such as calcium, vitamin D, and hormone replacement may need to 

occur earlier in WLWH.5 Comorbidities associated with ART adverse events; for 

example, integrase inhibitors can lead to weight gain, resulting in a higher risk of 

cardiovascular disease, hypertension and diabetes, may be more pronounced in WLWH 



88 

 

who experience early menopause.4,6,8,65 Care coordination of women aging with HIV is 

critical to ensure both HIV and other comorbid conditions are managed appropriately.51   

5.2. Strengths and Limitations 

Notable strengths of this dissertation include the rich data source and the inclusion 

of African-American and Hispanic women. This is one of the first studies, to my 

knowledge, that used AMH in conjunction with prolonged amenorrhea to determine age 

at menopause, and to study the relationship between time-varying ART and early 

menopause. The integration of self-reported data and laboratory results allowed for a 

comprehensive assessment of WLWH, with self-reported data validated against medical 

records. I was able to use AMH in conjunction with self-report of prolonged amenorrhea 

to assess age of menopause. The longitudinal WIHS cohort permits investigation of 

outcomes with long latency onset, such as menopause. The large number of African-

American and Latina WLWH in the WIHS longitudinal study mirrors the demographics 

of  WLWH.65 Finally, the WIHS longitudinal study is one of the largest HIV cohorts of 

women in the US.50,63   

There were several limitations worthy of note. Self-reported data of the past six 

months is subject to recall bias and misclassification bias. The WIHS is an National 

Institutes of Health-funded study where trained interviewers collect self-reported 

information, which is validated against clinical data on hospitalizations, pharmacy 

records and existing registries and collect blood samples for laboratory testing.63 Missing 

information in self-report longitudinal follow-up data is always problematic. To minimize 

the missing data for key variables, I used laboratory results in combination with self-

report data, substituting one for the other where possible. To assess the potential bias 
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from missing data, I conducted a complete case analysis and last value carried forward to 

impute the missing covariates.73,76 AMH was not captured at every time-point in the data, 

which can be problematic. To overcome this, I requested additional AMH readings if 

there was more than five years between AMH readings.  

Cohort entry at WIHS enrollment rather than date of initial HIV diagnosis 

presented a challenge. The index date of cohort entry could not be the inception of 

treatment, HIV diagnoses, nor duration of illness. Also, it is difficult to determine the 

length of time since HIV diagnosis, the severity of HIV prior to cohort entry, and ART 

utilization prior to cohort entry. To mitigate this problem, we used age as the time scale, 

rather than enrollment date, for Cox proportional hazards model.  

 Finally, data on ART use was collected every six months does not permit a true 

metric of treatment duration. Days of use for each medication dispensing would have 

been a more ideal metric from which to evaluate time-varying exposure. The solution was 

to use a relative measure of adherence, i.e., ≥75% ART use in the past six months. A 

sensitivity analysis assessed whether a more stringent measure, i.e., ≥95% ART use in the 

past six months, changed the overall interpretation of the findings.  

5.3. Next Steps for Future Research 

This research had several important contributions that can be expanded upon in 

future research endeavors. Further exploration of types of ART regimens on the risk of 

early menopause may inform clinical care for younger WLWH. Other studies have 

shown that WLWH transition to menopause at earlier ages than the general population, 

but the mechanism driving this phenomenon needs further research.2,3,17 This study is one 

step in a line of research to determine whether the disease and/or treatment played a role 
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in early menopause. Few investigators have examined menstrual patterns and early 

menopause in WLWH, and most study designs have been cross-sectional. This study 

demonstrated that WLWH are at higher risk of early menopause and the findings suggest 

that ART therapeutic classes may play a role in tempering this risk.  

In summary, women aging with HIV are an often-overlooked, vulnerable 

population. Despite the declining incidence of HIV among US women, racial and 

geographical disparities still exist.65 Care coordination is a present and future challenge 

for WLWH, with both patients and health care workers managing HIV along with other 

post-menopausal comorbid conditions.78,98 Determining the potential onset of menopause 

in WLWH can be critical for the post-menopausal care in this disadvantaged population, 

not only here in the US but globally.  
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Appendix A: Aim 1 Supplemental Material  

Table A.1: Sociodemographic Characteristics at Study Entry Among Women with and without 

Self-reported Missing Menses 

 



92 

 

Table A.2: Sociodemographic Characteristics at Study Entry of Women without Prolonged 

Amenorrhea 
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Figure A.1: AMH Values Prior to Final Menstrual Period for Women with High AMH and 

Prolonged Amenorrhea  

(n=86) 
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Table A.3: Time to Last Menstrual Period and End of Study Among Women without Prolonged 

Amenorrhea 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No Prolonged Amenorrhea 

and Undetectable AMH 

No Prolonged Amenorrhea 

and Detectable AMH 

  n=618 n=1,625 

Time from AMH to 

LMP     

mean years ± SD (95% CI) 2.9 ± 3.5 (2.6-3.2) 4.4 ± 4.0 (4.2-4.6) 

Time from LMP to EOS     

mean years ± SD (95% CI) 0.09 ± 0.3 (0.07-0.11) 0.02 ± 0.1 (0.02-0.03) 
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Appendix B: Aim 2 Supplemental Material 

Table B.1: Martingale Residuals from Cox Proportional Hazards Model  

Variable P-value 

HIV vs. uninfected 0.2490 

Income ≥ $18,000 vs. Income < $18,000 0.4710 

High School Education vs. Less than High School 0.6040 

More than High School vs. Less than High School 0.6430 

African-American vs. White 0.6100 

Other Race vs. White 0.5470 

Hispanic vs. non-hispanic 0.4980 

Wave 2 vs. Wave 1 0.3110 

Wave 3 vs. Wave 1 0.2580 

Wave 4 vs. Wave 1 0.3150 

Underweight vs. Obese 0.7850 

Normal vs. Obese 0.5410 

Overweight vs. Obese 0.5130 

1-7 drinks per week vs. Abstainer 0.3500 

8-12 drinks per week vs. Abstainer 0.2760 

>12 drinks per week vs. Abstainer 0.8070 

IDU vs. no IDU 0.8840 

Diabetes vs. no diabetes 0.7260 

Current Smoker vs. Never Smoker 0.7990 

Former Smoker vs. Never Smoker 0.6000 

Hepatitis C vs. no Hepatitis C 0.2740 

Unknown Hepatitis C vs. no Hepatitis C 0.7840 

Crack/Cocaine/Heroin vs. no Crack/Cocaine/Heroin 0.6880 

Non-IDU vs. no non-IDU  0.8480 
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Table B.2: Schoenfeld Residuals from Cox Proportional Hazards Model  

Variable Log of Age Age2 Age of 

Menopause 

HIV 0.2923 0.2649 0.2781 

Income 0.4057 0.4123 0.4091 

Education 0.6108 0.5721 0.5888 

Race 0.2162 0.237 0.2259 

Hispanic 0.2657 0.2624 0.2629 

Enrollment Wave 0.4769 0.4868 0.4813 

Smoking Status 0.5262 0.546 0.5356 

Alcohol Consumption 0.587 0.6952 0.6403 

BMI 0.2391 0.2385 0.2383 

IDU 0.263 0.2303 0.2455 

Diabetes 0.3565 0.3418 0.3489 

Hepatitis C 0.9473 0.9245 0.9386 

Crack/cocaine/heroin 0.2440 0.2799 0.2600 

Non-IDU  0.6763 0.6395 0.6586 
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Appendix C: Aim 3 Supplemental Material 

Table C.1: Denominator and Numerator Model Output for Inverse Probability of Treatment 

Weights, Primary Analysis  
 

DENOMINATOR MODEL NUMERATOR MODEL  
OR  SE  95% CI OR  SE  95% CI  

BASELINE FIXED  
      

Race/Ethnicity  
      

White 1 (ref) 
     

African-American 1.39 0.056 1.24-1.55 1.33 0.034 1.21-1.48 

Other 1.24 0.069 1.08-1.42 1.17 0.040 1.03-1.33 

Hispanic  1.00 0.062 0.88-1.12 0.91 0.029 0.82-1.02 

Enrollment Wave        

Wave 1 1 (ref)      

Wave 2 1.10 0.044 1.01-1.20 1.10 0.036 1.02-1.20 

Wave 3 0.63 0.092 0.53-0.76 0.69 0.063 0.58-0.81 

Wave 4  0.63 0.087 0.53-0.75 0.52 0.059 0.45-0.61 

Annual Income >$18,000 1.07 0.043 0.98-1.16 0.99 0.020 0.91-1.07 

Educational Attainment  
      

Less than High School  1 (ref) 
     

High School Diploma 0.87  0.80-0.96 0.88 0.027 0.80-0.96 

More than High School  0.87  0.79-0.96 0.86 0.027 0.79-0.95 

Hepatitis C Coinfection       

Negative 1 (ref)      

Positive 1.15 0.052 1.04-1.27 1.29 0.060 1.17-1.41 

Unknown 0.79 0.171 0.57-1.11 0.97 0.11 0.72-1.32 

TIME UPDATED  
      

Currently Smoking at past visit 1.23 0.043 1.13-1.34 
   

Alcohol consumption at past visit  
      

Abstainer  1 (ref) 
     

> 0-7 drinks per week 1.13 0.042 1.04-1.23 
   

> 7-12 drinks per week 1.17 0.105 0.95-1.44 
   

≥ 12 drinks per week 1.36 0.086 1.15-1.161 
   

Detectable Viral Load at past visit 2.34 0.044 2.14-2.54    

CD4+ Count at past visit       

< 200 cells/mm3 0.65 0.061 0.58-0.74    

200-499 cells/ mm3 0.94 0.043 0.87-1.03 
   

≥ 500 cells/ mm3 1 (ref) 
     

Previous NNRTI use 0.65 0.056 0.58-0.73 
   

Previous NRTI use 0.25 0.065 0.22-0.28    

Previous Integrase Inhibitor use  0.63 0.076 0.54-0.73    

Previous Protease Inhibitor use 0.72 0.052 0.65-0.80    

Previous Entry Inhibitor use 0.63 0.271 0.37-1.06    

Previous IDU 1.72 0.131 1.33-2.22 
   

Previous NIDU 1.11 0.051 1.00-1.22 
   

BMI at past visit  
     

Underweight 1.28 0.140 0.97-1.68 
   

Normal 0.94 0.048 0.86-1.03 
   

Overweight 0.93 0.046 0.85-1.02 
   

Obese 1 (ref) 
     

OR: Odds Ratio; SE: Standard Error; 95% CI for OR 
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Table C.2: Parameter Estimates from Multinomial Logistic Regression Model for Probability of 

Censoring, Denominator Model for Weights and Numerator for Stabilization, Primary Analysis  
 

DENOMINATOR MODEL NUMERATOR MODEL  
OR  SE  95% CI   OR  SE  95% CI   

BASELINE FIXED  
      

Race/Ethnicity  
      

White 1 (ref) 
     

African-American 1.07 0.102 0.91-1.27 1.13 0.053 0.96-1.32 

Other 1.02 0.084 0.83-1.25 1.01 0.063 0.83-1.23 

Hispanic  0.98 0.094 0.82-1.18 1.07 0.046 0.89-1.28 

Enrollment Wave    -    

Wave 1 1 (ref)      

Wave 2 0.92 0.073 0.80-1.07 0.88 0.050 0.76-1.01 

Wave 3 0.57 0.113 0.45-0.70 0.47 0.073 0.38-0.57 

Wave 4  0.50 0.097 0.41-0.60 0.30 0.057 0.25-0.35 

Annual Income >$18,000 1.13 0.066 0.99-1.28 1.14 0.033 1.00-1.29 

Educational Attainment  
      

Less than High School  1 (ref) 
     

High School Diploma 1.28 0.073 1.11-1.48 1.32 0.043 1.14-1.51 

More than High School  1.23 0.074 1.06-1.42 1.27 0.043 1.10-1.46 

Hepatitis C Coinfection       

Negative 1 (ref)      

Positive 0.95 0.091 0.79-1.13 1.03 0.084 0.87-1.22 

Unknown 0.98 0.190 0.68-1.43 1.09 0.127 0.75-1.57 

TIME UPDATED  
      

Currently Smoking 1.21 0.068 1.06-1.38 
   

Alcohol consumption  
      

Abstainer  1 (ref) 
     

> 0-7 drinks per week 1.11 0.066 0.97-1.26 
   

> 7-12 drinks per week 1.46 0.187 1.01-2.10 
   

≥ 12 drinks per week 1.63 0.162 1.19-2.23 
   

Detectable Viral Load 0.78 0.065 0.69-0.89    

CD4+ Count       

< 200 cells/mm3 0.76 0.090 0.64-0.91    

200-499 cells/ mm3 1.44 0.069 1.26-1.65 
   

≥ 500 cells/ mm3 1 (ref) 
     

NNRTI use 0.94 0.078 0.81-1.09 
   

NRTI use 0.85 0.117 0.67-1.06    

Integrase Inhibitor use  0.32 0.076 0.28-0.37    

Protease Inhibitor use 1.06 0.074 0.91-1.22    

Entry Inhibitor use 1.01 0.297 0.56-1.80    

IDU 0.84 0.223 0.55-1.31 
   

NIDU 0.85 0.080 0.73-0.99 
   

BMI   
     

Underweight 0.56 0.72 0.40-0.78 
   

Normal 1.26 0.078 1.08-1.47 
   

Overweight 1.25 0.072 1.08-1.44 
   

Obese 1 (ref) 
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Table C.3: Distribution of Weights (Stabilized and Trimmed at 1st and 99th Percentiles) for ≥ 

75% Adherence and ≥ 95% Adherence  

 

 

 

 

 

 

 

 

 

 

 

 Primary Analysis          

(≥ 75% adherence) 

Sensitivity Analysis                

(≥ 95% adherence)  
Stabilized  trimmed at 

1st% and 

99th%  

Stabilized  trimmed at 

1st% and 

99th% 

Mean 1.05 0.90 1.56 0.95 

SD 2.42 0.70 25.6 0.96 

1st % 0.03 0.05 0.03 0.05 

5th % 0.12 0.14 0.11 0.12 

50th % 0.81 0.81 0.76 0.76 

95th % 2.32 2.11 2.78 2.51 

99th % 6.49 3.97 8.90 5.49 

Minimum 0.0003 0.03 0.0008 0.03 

Maximum 118.9 6.48 3250.0 8.90 
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Figure C.1: Proportion of ART Adherent Users at Each Visit among WLWH in WIHS  
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Figure C.2: Proportion of WLWH Using ART Regimens at Each Visit in WIHS  
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Table C.4: Sociodemographic and Clinical Characteristics at Study Entry for WLWH with 

Extreme and Untrimmed Weights  

 

*Assessed statistical significance between sociodemographic characteristics by ART Adherence
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