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Abstract

Background: Increasing numbers of women living with HIV traim through menopause. It
is unclear if this transition has an impact ontireant adherence, viral suppression,
psychiatric comorbidities or drug use. We aimeexamining adherence and viral
suppression during the perimenopausal period aplbeed the influence of psychiatric

comorbidities and active injection drug use (IDU).

Setting: Retrospective Swiss HIV Cohort Study analysis fl@bh2010 to 12/2018.

Methods: We explored peri- and postmenopausal trends off iiggs, low-level viremia,



viral failure, adherence, psychiatric comorbiditsl IDU using interrupted time series (ITS)
models.

Results: Rates of depression and psychiatric care incrediseng perimenopause before
decreasing afterwards. Negative treatment outc@mels as viral blips, low-level viremia,
viral failure and low adherence steadily declinddlgtransitioning through menopause — this
was also true for subgroups of women with depresgisychiatric treatment and active IDU.
Conclusions: Increased rates of depression and psychiatricvelite transitioning through
menopause do not result in lower rates of adherenegal suppression in women living with

HIV in Switzerland.
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I ntroduction

As a consequence of longer life expectancy anadgleeng of people living with HIV, a
growing.number of women living with HIV experientansition through menopause (1DDI.
An increasing body of evidence shows that menopaugbkt occur at an earlier age

compared to HIV-negative women, and that many wolwvarg with HIV experience severe
menopause symptoms (4DDI. Independently of the st&fus, menopause transition has been
associated with an elevated risk for depressiom;iwas been shown to decrease adherence
(8DDIN. However, it is still unclear if and how m@rause impacts adherence and treatment

outcomes such as the occurrence of viral blips;léxel viremia or viral failure.



We investigated trends in self-reported treatmdheeence, HIV-RNA viral blips, low-level
viremia and viral failure in women transitioningdkigh menopause, as well as the

occurrence of depression, psychiatric care angeutjection drug use (IDU).

Methods

Study population and data collection

We included all cis-women with onset of menopaueste/ben 01/2010 and 12/2018 registered
in the Swiss HIV Cohort Study (SHCS) and excludembé with hysterectomy prior to
menopause onset. The SHCS is a national prospetthat study covering at least 75% of
people living with HIV in Switzerland (13)..SHCStdas collected twice yearly during

routine visits, including information on menopawseset, self-reported adherence, HIV-RNA
measurements, drug use and comorbidities. Localsetommittees of all participating study

sites approved the study and written informed cohs@s obtained from all participants.

Definitions

In this study menopause onset was determined dssheeport of presumed menopause
defined by the treating physician at a 6 monthgitvn a woman with amenorrhea. In order to
assess peri- and postmenopausal trends and due ddftculties of exact determination of
perimenopause, we chose an observation periodjbf gears prior and eight years after the
first menopause report. Self-reported low adherevaedefined as missing ART doses once
every two weeks or more often. Depression diagneasmade by the treating physicians or
psychiatrists, who used standard diagnostic toBksychiatric treatment was defined as being
in psychiatric (in- or outpatient) care.

Women were allocated to: A. the depression subgifahiey had at least once a diagnosed

depression within +/- eight years of menopausetpBse¢he psychiatric treatment subgroup if



they had at least once been in psychiatric cafeimit/- eight years of menopause onset, C.
the active IDU subgroup if they had at least ormesamed drugs via injection within +/-
eight years of menopause onset.

The following definitions were used to determind/HRNA trends: A. Viral suppression:
Having at least two consecutive HIV-RNA measurem@ft<50 copies/ml. Due to different
limits of quantification, the included HIV-RNA meagments at exactly 100, 200, 300 or 400
copies/ml before 2005 were also defined to belyisalppressed. B.Viral blip: viral
suppression followed by a single measurement of-RNA > 50 copies/ml, followed again
by viral suppression. C. Low-level viremia: havimgre than one consecutive HIV-RNA
measuremert 50 copies/ml and <200 copies/ml,including singkasurements < 50
copies/ml. D. Viral failure: having more than or@secutive HIV-RNA measurementof

200 copies/ml.

Statistical analyses

Descriptive statistics were‘used to characterisestady population. Group comparisons of
categorical variables were investigated usinggghtest, with continuous variables assessed
using the Wilcoxon rank-sum test. Plots of thedecice per year provided an indication of
the trends over time. For these plots, the numeveds defined as the occurrence of the
respective event in the respective yea{mally once per year per patient, even if the event
was measured at multiple visits during that yesanyl the denominator defined as the number
of women in follow-up for that year. The definitiovas slightly different for viral blips; here,
we counted the number of blips per year per patgnthat multiple events per patient year
were possible.

To confirm peri- and post-menopausal trends, wedipatient-level interrupted time series
(ITS) logistic regression models with the respecvent as dependent variable, with the
“interruption” defined as the estimated time of mpause onset. Sandwich-type standard

errors were calculated to adjust for intra-patmatrelation. A subgroup analysis focussed on



differences in trends between women with depresgisychiatric treatment and active IDU.
A sensitivity analysis was performed to accountfomen with inconsistent bleeding
patterns after the report of menopause onset.

All statistical analyses were performed with R. &fen 3.6.1. (14).

Results

Patient characteristics

1130 postmenopausal women were included. Mediamagenopause onset was 50 years
(IQR 32, 55) 10% experienced an early menopausadpaise onset <45 years) and 2% a
premature ovarian insufficiency (menopause onsetyeéars). 67% of the participants were of
Caucasian and 25% of Black ethnigity. At menopaurset 13% had a detectable viral load,
5% a CD4 count below 20d/ 27% had been diagnosed with depression and/g e
psychiatric care but only:3% reported IDU (Supplatagy table,

http://links.lww.com/QAI/C16 and (1),").

Peri- and postmenopausal trends in viral (non)seggion and adherence

We identified-a number of trends in the timefrangheyears prior to and eight years
following the first menopause report. Viral blipsaiined slightly but constantly over the 17-
year period (Figure 1A). Episodes of low-level wiia decreased significantly over the whole
period (slope OR 0.95 per year, 95% confidencevat€Cl) [0.93, 0.97], p<0.001), with a
slightly steeper decline after menopause onse9 (e8 year, 95% CI [0.83, 0.96], p=0.002,
Figure 1B). Viral failures exhibited a steeper dezlover the whole period (OR 0.80 per year,
95% C1[0.78, 0.82], p<0.001) compared to the apesoof low-level viremia, but this trend

flattened after menopause onset (Figure 1C). Silpjlself-reported low adherence episodes



decreased over time (OR 0.97 per year, 95% CI| [@®®], p=0.004), with a slight
stabilization after menopause onset (Figure 1D).
A sensitivity analysis excluding 130 women withonsistent bleeding patterns confirmed the

reported trends (results not shown).

Peri- and postmenopausal trends of psychiatricte\ard active drug use

We observed a modest increase in depression diegoosii menopause onset (OR 1.04 per
year, 95% CI [1.00, 1.08], p=0.03, Figure 1A), wi2d96 of women had been diagnosed with
depression, and a stabilization without significd@trease afterwards. The rate of women
attending psychiatric care increased slightly umeinopause onsetto 17% (OR 1.02 per year,
95% CI1[0.99, 1.05], p=0.26), but subsequently dased in the postmenopausal period to
rates similar to before menopause (OR 0.95 per, 9886 CI [0.91, 1.01], p=0.08, Figure

2B). Active IDU events were rare with no-appareantl until menopause onset. After
menopause onset, the rate of women reporting 1D3Ural steeply (OR 0.85, 95% CI [0.85,
0.97], p=0.01, Figure 2C). “For non-IDU, there veasather steep increase in the years up to
approximately 4 years prior to the estimated meuspgear (p value for slope 0.001),

followed by stabilisation (Supplementary figure &ttp://links.lww.com/QAI/C15).”

Peri- and postmenopausal trends of viral (hon)seggion in different subgroups

Subgroup analyses of women diagnosed with depredseng in psychiatric care or injecting
drugs showed no significant differences in the alleates of viral non-suppression. The only
difference was noted in women with active IDU armghwen in psychiatric care who
experienced a slight increase of low-level viregni@r to menopause onset. After menopause
onset, the trajectories realigned with the othélepagroups (Supplementary figure S2,

http://links.lww.com/QAI/C15).




Discussion

Women living with HIV in Switzerland experiencetaady decline in viral blips, low-level
viremia, viral failure and low adherence while s#dioning through menopause. In contrast,
rates of depression and psychiatric care increasegiperimenopause before decreasing
afterwards. Nonetheless, women with depressioroapgdichiatric care do not experience

decreased viral suppression during their menopaassition.

Viral suppression and adherence during menopaassition

Estrogens have a protective role in the courselgfikifection with 17beta-Estradiol being
able to reduce HIV transcription (15-17), HIV sysidaility of CD4+ T cells and
macrophages, and by regulating the HIV reservoouph the Estrogen receptor-1 (18).
Gianella et al. found a slower HIV reservoir deelin women compared to men and more
inducible HIV-RNA+ cells in peri- and pestmenopdusamen compared to premenopausal
(19). However clinical studies show that ART resgmio HIV seems not to be negatively
influenced by menopausal status with low estraéils (20-22). Moreover, disregarding
menopause, adherence and viral suppression imprdweh sexes over time being on ART
and increasing age (23-25). Our results not onhiga this, but also show that viral
suppression is not significantly affected by menmeatransition. Our findings are supported
by Okhai et al:'whao also reported higher viral segpion rates and fewer viral rebounds in
perimenopausal women compared to younger women (B8 steeper decline of LLV after
menopause onset compared to before is difficutiterpret. It could theoretically be that the
natural decline of non-suppressed episodes is slaweng menopause transition but there
havn't been any studies with the respective stuabygh to confirm this and we didn’t observe
this trend regarding the viral blips and viral fzé.

Three recent studies indicated that women withreenenopausal symptoms are less likely

to engage in medical care and to take their ARF238. Data on its effect on virological



control are only provided in one study, which foundon-significant trend towards lower
viral suppression rates in women with severe memsgdasymptoms (26). Unfortunately,
information on menopause symptoms in our patier@daeking, and we are not able to

determine if adverse virologic events occur moteroin this subset of patients.

Psychiatric comorbidities and IDU during menopatiansition

Our observation of increasing depression during ped postmenopause. is in line with other
studies showing increased depressive symptomsgioréamopause transition in HIV-positive
and HIV-negative women with already diagnosed degom, as well as in those without (8—
10). Cohen et al. found that women with an eamyhapause transition had a higher risk for
depression (9). This is of importance regardingetidier menopause onset in women living
with HIV reported in our cohort compared.to HIV a¢ige women living in Switzerland (1).
The very high prevalence of psychiatric comorbéditat time of menopause onset in our
cohort highlights the need of routine mental heatiteening and treatment possibilities in this
population. To the best of our knowledge, thererareeports of menopause and its

association with IDU.

Viral suppression and adherence.inpatients wiykchoatric comorbidities or IDU

Drug use and psychiatric comorbidities includingrssion have been associated with lower
adherence and less viral suppression (8,11,2MoAgh rates of depression, psychiatric
treatment and IDU increased until menopause, ildisidt translate into higher rates of
detectable virallloads in the entire study popafabr in the respective subgroups. Based on
the assumption that having a psychiatric illnessjecting drugs are frequently chronic
conditions - we used generous inclusion criterialie subgroups, and might have missed a

signal of increased viral detection in those witbrenpronounced psychiatric problems.

Strengths and limitations

This is the first analysis exploring viral loadjéetories around menopause in women living



with HIV in Switzerland. The study provides importanformation around treatment
adherence and success in ageing women living wikhwhich has direct implications for
healthcare providers. However, the study has selMeigations.

Our dataset didn’t allow to define the reproducstages according to the STRAW +10 or
SWAN criteria (29,30). Furthermore defining menog@onset as a single time point is
problematic as the reproductive stages including ped postmenopause are time periods
whose beginning and end may be blurred. We haveessield these challenges in two ways:
By using the first report of presumed menopauserted by the treating physician we have
based our analysis on a clinical assessment argifgythe time series analysis-over a period
of 16 years we assert that peri- and post-menapassvell as premenopausal trends are
captured”. Moreover we performed a sensitivity gsial excluding women with inconsistent
bleeding patterns which showed similar results.

HIV-RNA detection is prone to several biases. Firgtreasingly sensitive HIV assays detect
more viral blips and low-level viremia..Second, thigoduction of more potent and better
tolerable ART combinations over time resulted ittdreHIV-suppression rates. Third, the
decline of viral reservoirs over time, as well las time on ART and age, also influence viral
suppression rates (19,24,25).

The definitions of viral blips, low-level viremiand viral failure are not used consistently
between published studies, making comparisongditfiOur rather high rates of low-level
viremia and viral failure are partly due to our servative definitions based on the official
IAS definitions (31). Moreover, we counted low-léveemia and viral failure events which
span two calendar years as two separate eventsjightihave overestimated its incidence.
Of importance, neither the definition nor the pbksobverestimation have an influence on the
slope of viral suppression over time, and thus atamfluence our overall findings.

Recall and desirability bias may limit the self-oefed adherence informations.

The findings concerning women with IDU need to iteiipreted with caution due to the low



numbers of included women and consequently, the wichfidence intervals.

Conclusion.
Increased rates of depression and psychiatricvelite transitioning through menopause do
not result in lower rates of adherence or viralgapsion in women living with HIV in

Switzerland.

Acknowledgements
We thank all patients, doctors and nurses assdovetd the SHCS.
We specially thank Prof. Andri Rauch for advisirgithrough the course of the project and Dr.

Chloe Pasin for sharing her insights on menopaa#aition and data collection.

Bibliography

1. Hachfeld A, Atkinson A, Stute P, Calmy A, TaE Marling K, et al. Women with
HIV transitioning through menopause: Insights fritrea Swiss HIV Cohort Study (SHCS).

HIV Med. 2022;23(4):417-25.

2. Smit M, Brinkman K, Geerlings S, Smit C, Thyagjan K, Sighem A van, et al.
Future challenges for clinical care of an ageingypation infected with HIV: a modelling

study. Lancet Infect Dis. 2015 Jul;15(7):810-8.

3. Smit M, Cassidy R, Cozzi-Lepri A, Quiros-RoldanGirardi E, Mammone A, et al.
Projections of non-communicable disease and heal#hcosts among HIV-positive persons

in Italy and the U.S.A.: A modelling study. PLoS BNfnternet]. 2017 Oct 23;12(10).



Available from: https://www.ncbi.nlm.nih.gov/pmcfiztes/PMC5653300/

4, Van Ommen CE, King EM, Murray MCM. Age at menopa in women living with

HIV: a systematic review. Menopause N Y N. 2021 Dg8(12):1428-36.

5. Ferreira CE, Pinto-Neto AM, Conde DM, Costa-Rdiy Morais SS, Magalhaes J.
Menopause symptoms in women infected with HIV: Blernce and associated factors.

Gynecol Endocrinol. 2007 Jan 1;23(4):198-205.

6. Tariqg et al. S. Positive tRansltions through Meause (PRIME) [Internet]. Institute
for Global Health. 2018 [cited 2021 Jul 7]. Avaialrom:https://www.ucl.ac.uk/global-

health/research/a-z/PRIME

7. Looby SE. Symptoms of menopause or symptomd\6? lntangling the knot.

Menopause. 2018 Jul;25(7):728-30.

8. Maki PM, Rubin LH, Cohen M, Golub ET, GreenbR¥, Young M, et al.
Depressive Symptoms are Increased in the Earlyneanpausal Stage in Ethnically Diverse

HIV+ and HIV- Women. Menopause N Y N. 2012 Nov;19(11):1215-23.

9. Cohen LS, Soares CN, Vitonis AF, Otto MW, HarlBw. Risk for New Onset of
Depression During the Menopausal Transition: Theveda Study of Moods and Cycles.

Arch Gen Psychiatry. 2006 Apr 1;63(4):385-90.

10. Bromberger JT, Kravitz HM, Chang YF, Cyranowdki, Brown C, Matthews KA.
Major Depression During and After the Menopausalngition: Study of Women'’s Health

Across the Nation (SWAN). Psychol Med. 2011 Se®%*1879-88.

11. Cook JA, Cohen MH, Burke J, Grey D, AnastoXKstein L, et al. Effects of
depressive symptoms and mental health qualityf@bin use of highly active antiretroviral
therapy among HIV-seropositive women. J Acquir InmaDefic Syndr 1999. 2002 Aug

1;30(4):401-9.



12. Relf MV, Pan W, Edmonds A, Ramirez C, Amarasal® Adimora AA.
Discrimination, Medical Distrust, Stigma, Depresstyymptoms, Antiretroviral Medication
Adherence, Engagement in Care, and Quality of Aifeong Women Living With HIV in
North Carolina: A Mediated Structural Equation MbdAIDS J Acquir Immune Defic

Syndr. 2019 Jul 1;81(3):328-35.

13.  Scherrer AU, Traytel A, Braun DL, Calmy A, Bagay M, Cavassini M, et al. Cohort
Profile Update: The Swiss HIV Cohort Study (SHA8).J Epidemiol [Internet]. [cited 2021
Aug 30]; Available from: https://academic.oup.cgeiadvance-

article/doi/10.1093/ije/dyab141/6345380

14. R Core Team, R Foundation for Statistical Catimgu R: A Language and
Environment for Statistical Computing [InternetR1® [cited 2019 Sep 19]. Available from:

http://www.R-project.org/

15.  Tasker C, Ding J, Schmolke M, Rivera-Medina3aycia-Sastre A, Chang TL. 37
Estradiol Protects Primary Macrophages Against hiféction Through Induction of

Interferon-Alpha. Viral Immunol. 2014 May 1;27(440-50.

16. Rodriguez-Garcia M, Biswas N, Patel MV, Barr,EDist SG, Ochsenbauer C, et al.
Estradiol Reduces Susceptibility of CD4+ T Celldl &acrophages to HIV-Infection. PLOS

ONE. 2018 Apr 17;8(4):€62069.

17.  Szotek EL, Narasipura SD, Al-Harthi L.gté&stradiol inhibits HIV-1 by inducing a
complex formation betwedscatenin and estrogen receptor on the HIV prontotsuppress

HIV transcription. Virology. 2013 Sep 1;443(2):3 B3~

18. Das B, Dobrowolski C, Luttge B, Valadkhan Sp@ilont N, Johnston R, et al.
Estrogen receptor-1 is a key regulator of HIV-Eaty that imparts gender-specific

restrictions on the latent reservoir. Proc Natld&zi U S A. 2018 Aug 14;115(33):E7795—



804.

19. Gianella S, Rawlings SA, Nakazawa M, Chaillgr&g&rain M, Layman L, et al. Sex
differences in HIV Persistence and Reservoir Staénd Aging. Clin Infect Dis Off Publ

Infect Dis Soc Am. 2021 Oct 6;ciab873.

20. Alejos B, Suarez-Garcia |, Bernardino JI, B@dR, Pefiaranda M, Bautista A, et al.
Effectiveness and safety of antiretroviral treattmerpre- and postmenopausal women living

with HIV in a multicentre cohort. Antivir Ther. 2025(6):335-40.

21.  Calvet GA, Velasque L, Luz PM, Cardoso SW, igerM, Moreira RI, et al. Absence
of Effect of Menopause Status at Initiation of Fitgne Antiretroviral Therapy on
Immunologic or Virologic Responses: A Cohort Stdicdym Rio de Janeiro, Brazil. PLOS

ONE. 2014 Feb 20;9(2):€89299.

22. Patterson KB, Cohn SE, Uyanik-J, Hughes M, @ymsgki M, Eron JJ. Treatment
Responses in Antiretroviral-Treatment—Naive Prerpansal and Postmenopausal HIV
Infected Women: An Analysis from AIDS Clinical TisaGroup Studies. Clin Infect Dis.

2009 Aug;49(3):473-6.

23. Okhai H, Tarig S, Burns F, Gilleece Y, DhairganR, Hill T, et al. Associations of
menopausal age with virological outcomes and engagein care among women living with

HIV in the UK. HIV Res Clin Pract. 2020 Dec;21(6§4--81.

24.  Ghidei L, Simone M, Salow M, Zimmerman K, PagaM, Skarf LM, et al. Aging,
Antiretrovirals, and Adherence: A Meta AnalysisAaftherence among Older HIV-Infected

Individuals. Drugs Aging. 2013 Oct;30(10):10.10@m266-013-0107-7.

25. Kiplagat J, Mwangi A, Keter A, Braitstein P,rfgaE, Negin J, et al. Retention in care
among older adults living with HIV in western Kenyaretrospective observational cohort

study. PLOS ONE. 2018 Mar 28;13(3):e0194047.



26. Solomon D, Sabin CA, Burns F, Gilson R, Allgrd& Ruiter A, et al. The association
between severe menopausal symptoms and engageitiertlw care and treatment in

women living with HIV. AIDS Care. 33(1):101-8.

27. Duff PK, Money DM, Ogilvie GS, Ranville F, Kést M, Braschel MC, et al. Severe
menopausal symptoms associated with reduced adigetemntiretroviral therapy among
perimenopausal and menopausal women living with iHIMetro Vancouver. Menopause N

Y N. 2018 May;25(5):531~7.

28. Cutimanco-Pacheco V, Arriola-Montenegro J, MeEmsHolguin E, Nifio-Garcia R,
Bonifacio-Morales N, Lucchetti-Rodriguez A, et Bllenopausal symptoms are associated
with non-adherence to highly active antiretrovif@rapy in human immunodeficiency virus-

infected middle-aged women. Climacteric. 2020 M#883):229—-36.

29. Harlow SD, Gass M, Hall JE, Lobo R, Maki P, ReBW, et al. EXECUTIVE
SUMMARY of STRAW+10: Addressing the Unfinished Agknof Staging Reproductive

Aging. Climacteric J Int Menopause Soc. 2012 Apf{2)3.05-14.

30. El Khoudary SR, Greendale G, Crawford SL, AViS Brooks MM, Thurston RC, et
al. The menopause transition and women’s healthidlife: a progress report from the Study

of Women'’s Health Across the Nation (SWAN). Menogpaw2019 Oct;26(10):1213-27.

31.  Virologic Failure | NIH [Internet]. [cited 202dar 28]. Available from:

https://clinicalinfo.hiv.gov/en/guidelines/adultdsadolescent-arv/virologic-failure



Figures caption

S

Copyright © 2023 The Author(s). Published by Wdt&tuwer Health, Inc.



Figure 1: Peri- and postmenopausal trends of A. Viral blips B. Low level viremia C. Viral

failures and D. Low adherence.
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Figure 2: Peri- and postmenopausal trends of patients with depression diagnosis (A.),
psychiatric care (B.), active injection drug use (C.) during eight years before and after
menopause onset.
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Rate of events over time (black solid), point-wise 95% confidence intervals (grey), fitted cubic spline (6 knots,
orange, grey and blue) dashed with 95% confidence intervals'shaded), interrupted time series for peri- (red)
and post-menopause (blue).



Supplementary Figure S1: Peri- and postmenopausal trends of patients wiikieanon-

injection drug use (non-1DU) during eight year$doe and after menopause onset.

Supplementary Figure S2: Peri- and postmenopausal trends in viral (non)sggon in
women with depression (B.), women being in psycitatare (C.) and women with active

injection drug use (D.) during eight years befand after menopause onset.
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