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Background: Women ageing with HIV undergo sex-specific changes. There is limited evidence available
with regards to how the menopause impacts HIV outcomes.
Objective: To investigate whether menopausal age is associated with engagement-in-care (EIC), viral load
(VL) suppression and rebound among women living with HIV.
Methods: Women were grouped by age (<40, 40–50, >50years), corresponding to pre-, peri- and post-
menopausal stages. EIC, HIV VL suppression (VL < 50 copies/mL) within 12months of antiretroviral therapy
initiation and VL rebound (two consecutive VL > 50 copies/mL) after VL suppression were compared across
age groups using logistic/Cox proportional hazards regression. Associations were compared to those seen
in heterosexual men.
Results: Six thousand four hundred and fifty-five (6455) eligible women (median age 36 [interquartile range:
29–42], 64.4% black African, 19.1% white) contributed 44,226 person-years (PYRS) of follow-up; 29,846,
10,980 and 3,399 PYRS in those aged <40, 40–50 and >50, respectively. Women were engaged-in-care
for 79.5% of follow-up time, 3,344 (78.0%) experienced VL suppression and 739 (22.1%) VL rebound. After
adjustment, women aged >50 years had lower EIC than those aged <40. Women aged 40–50 were more
likely to have VL suppression and were less likely to experience VL rebound than those aged <40 years.
Trends in heterosexual men were similar for EIC but with no evidence of a higher VL suppression rate in
those aged 40–50 years (pint. 0< .0001) and a stronger protective association between older age and VL
rebound (pint. 0< .0001).
Conclusion: Our findings warrant further research into the potential impact of the menopause to support
women and clinicians through HIV care.
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Introduction
In the UK, nearly a third of those living with HIV are
women. With successes in treatment, the increasing
life expectancy of people living with HIV now means
this population is ageing; in 2018, 4.2% of women liv-
ing with HIV were transitioning through the meno-
pause and 33% were post-menopausal,1 with these

proportions expected to increase in the com-
ing decade.2

Women undergo sex-specific changes as they age,
specifically with hormone regulation. There is limited
evidence available with regards to how these changes,
more specifically the menopause, impact HIV out-
comes. It is therefore imperative to understand the
impact of the menopause on HIV care.3

Only a few studies have specifically examined the
association between menopausal symptoms and
adherence to antiretroviral therapy (ART).4–7 A recent
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analysis of the Positive Transitions through the
Menopause (PRIME) study, a cross-sectional study of
women living with HIV in the UK aged 45–60 years,
reported a significant association between severe
menopausal symptoms and both sub-optimal adherence
and HIV clinic attendance.7 Despite the significant
impact of sub-optimal adherence and poor clinic
attendance on clinical outcomes,8,9 there are currently
no clear data on whether clinical HIV outcomes
change among women as they progress through differ-
ent stages of the menopause.

We aim to investigate whether menopausal age is asso-
ciated with engagement-in-care and virological outcomes
(viral load suppression and rebound) among women par-
ticipating in the UK Collaborative HIV Cohort (UK
CHIC) study. Given that age and menopausal status are
highly correlated, and that associations between meno-
pause and outcomes may reflect ageing rather than meno-
pause per se, we also examine trends in men.

Methods
The UK CHIC study is an ongoing cohort of individu-
als living with HIV (aged >16 years) who have
accessed care at one or more of 25 HIV clinics in the
UK at any time from 1996 onwards. The study meth-
ods are described elsewhere.10 In brief, centers collect
data on demographic information, ART treatment his-
tory, laboratory results and AIDS diagnoses; the result-
ing dataset is submitted on an annual basis to the
coordinating center. The project was approved by a
Multicentre Research Ethics Committee (MREC/00/7/
47) and by local ethics committees.

The analyses described here are based on women
who acquired HIV through heterosexual sex only, as
factors associated with HIV outcomes may differ in
those acquiring HIV through other routes, and as the
number of women acquiring HIV through these routes
in the cohort is too small to permit robust estimates.
Data were collected up to 31 December 2017.
Heterosexual women with >1 day of follow-up and a
cohort entry date in January 2000 or later were fol-
lowed from cohort entry until the earliest of the fol-
lowing: death, permanent loss to follow-up from HIV
care (defined as failure to return for a follow-up visit
within 12months) or 31st December 2017. As UK
CHIC does not record menopause specific data,
women were grouped by age (<40, 40–50, >50 years)
to broadly corresponding to pre-, peri- and post-
menopausal stages.

Each woman’s follow-up was split into consecutive
monthly intervals and the woman’s characteristics
(age, CD4þ T-cell count, HIV viral load (VL), com-
bination ART (cART) use, previous AIDS diagnosis

and calendar year) were determined at the start of each
interval, allowing us to incorporate time-varying cova-
riates into regression models. Ethnicity and Hepatitis B
virus (HBV)/Hepatitis C virus (HCV) co-infection
were treated as fixed covariates.

Analyses considered three outcomes: (i)
Engagement-in-care (EIC), which was defined using
the Retention and Engagement Across Care services
for HIV (REACH) algorithm11 in which a person’s
clinical status is used to estimate the likely time to the
next scheduled follow-up appointment – based on this
information, each person-month is classified as being
“in-care” or “out-of-care” according to whether the
person had a return visit within the expected time
interval; (ii) VL suppression, defined as an initial VL
�50 copies/mL in the subset of women who initiated
cART and (iii) VL rebound, defined as two consecu-
tive VL >50 copies/mL among women previously
virologically suppressed on cART.

Univariable and multivariable regression were used
to assess the association between age group and each
outcome, adjusting for potential confounders selected a
priori. These included: ethnicity, CD4þ T-cell count,
VL, ART use, previous AIDS, calendar year and hepa-
titis B/C infection. Analyses of EIC used generalized
estimating equations (GEE) to model the association
between age and the binary outcome of whether each
month of follow-up was deemed to be in or out of
care. For the analyses of viral suppression, individuals
who initiated cART were followed from cART initi-
ation to the earliest of the censoring date (described
above) or 12 months after cART initiation. Time to
VL suppression was compared across the three age
groups using Cox proportional hazards regression.
Among those with VL suppression, time to viral
rebound was assessed from the date of VL suppression
to the earliest of VL rebound, the censoring date or the
first gap in treatment lasting >14 days, with compari-
sons between the age groups undertaken using Cox
proportional hazards regression models.

We undertook further analyses within the whole UK
CHIC cohort (including both men and women), to assess
whether age associations (where present) differed signifi-
cantly between men and women, through the inclusion
of an interaction term between age group and sex.

Results
A total of 6,455 heterosexual women in UK CHIC
were included in analyses (Table 1); the women were
enrolled at a median age of 36 [interquartile range,
IQR: 29–42] years, and with a median CD4þ T-cell
count of 287 [IQR: 140–463] cells/mm3. The majority
of women were of black African ethnicity (70.6%).
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One-tenth (9.5%) of women had a prior AIDS event at
study entry, and 0.4% and 0.2% were co-infected with
HBV or HCV, respectively.

The women were followed for a total of 44,226 per-
son-years (PYRS); 29,846, 10,980 and 3,399 PYRS
were contributed by women aged <40, 40–50 and
>50 years, respectively. There were several key differ-
ences in the characteristics of the women in the three
age groups. For example, women in the older age
group tended to be followed up in more recent calen-
dar years, generally had higher CD4þ T-cell counts,
were more likely to have had a prior AIDS event, and
were more likely to be on cART and to have a sup-
pressed VL (see Table 2).

Engagement-in-care
Women were determined to be engaged-in-care for
79.5% of their follow-up time, with the proportion of
follow-up time spent engaged-in-care increasing from

73.6% among the younger age group to 82.0% in the
middle age group to 85.9% in the older age group.
Compared to those aged <40 years, in unadjusted anal-
yses the odds of EIC increased by 27% (odds ratio
(OR) 1.27 [95% confidence interval: 1.19–1.36]) and
41% (1.41 [1.27–1.57]) among those aged 40–50 and
>50 years, respectively. After adjustment, however,
both ORs fell below 1 (40–50 years: adjusted OR
(aOR): 0.96 [0.89–1.03]; >50 years: 0.87 [0.78–0.96])
suggesting a gradual decrease in EIC as age increased.

Viral load suppression
A total of 3,344 (78.0%) women who initiated cART
became virally suppressed within the first 12months
(median time to VL suppression 4months [IQR:
2–8months]). Women initiating cART aged
40–50 years were more likely to become virally sup-
pressed within a year (82.1%) than those aged <40
(75.8%) or >50 (78.9%) years, with crude hazard

Table 1 Demographic and clinical characteristics at time of entry to UK CHIC of the heterosexual women included in the
study, overall and stratified by age group at study entry

Variable All women (n¼6455)

Age group at entry to UK CHIC study (years)

<40 (n¼4253) 40–50 (n¼1595) >50 (n¼607)

Ethnicity White 905 (14.0) 583 (13.7) 203 (12.7) 119 (19.6)
Black Caribbean 366 (5.7) 201 (4.7) 99 (6.2) 66 (10.9)
Black African 4560 (70.6) 3061 (72.0) 1140 (71.5) 359 (59.1)
Black Other 233 (3.6) 146 (3.4) 63 (4.0) 24 (4.0)
South Asian/Other Asian 173 (2.7) 112 (2.6) 42 (2.6) 19 (3.1)
Mixed/Other 218 (3.4) 150 (3.5) 48 (3.0) 20 (3.3)

Year of study entry 2000–2006 2764 (42.8) 2099 (49.4) 529 (33.2) 136 (22.4)
2007–2011 2469 (38.3) 1532 (36.0) 692 (43.4) 245 (40.4)
2012–2017 1222 (18.9) 622 (14.6) 374 (23.5) 226 (37.2)

CD4þ T-cell count
at study entry
(cells/mm3)

<200 2003 (35.9) 1209 (33.1) 590 (42.1) 204 (39.2)
200–349 1374 (24.7) 909 (24.9) 332 (23.7) 133 (25.5)
350–500 1012 (18.1) 697 (19.1) 239 (17.1) 76 (14.6)
>500 1185 (21.3) 837 (22.9) 240 (17.1) 108 (20.7)

AIDS at study entry 616 (9.5) 357 (8.4) 180 (11.3) 79 (13.0)
HBV at study entry 28 (0.4) 15 (0.4) 10 (0.6) 3 (0.5)
HCV at study entry 14 (0.2) 10 (0.2) 3 (0.2) 1 (0.2)

HBV, hepatitis B virus; HCV, hepatitis C virus.

Table 2 Follow-up time (person-years) contributed by women included in the study with different demographic and clin-
ical characteristics, overall and percentage stratified by age group

Variable Total person-years follow-up

Age (years)

<40 40–50 >50

Calendar year 2000–2006 95,552 30.3 12.7 7.2
2007–2011 163,156 37.2 32.3 23.4
2012–2017 238,240 32.4 55.0 69.5

CD4þ T-cell count (cells/mm3) <200 42,246 10.9 8.4 7.5
200–349 83,811 21.8 16.9 14.2
350–500 113,941 26.9 24.4 22.1
>500 216,117 40.3 50.3 56.3

Virally suppressed No 188,686 52.5 29.0 23.0
Yes 308,262 47.5 71.0 77.0

Previous AIDS No 388,809 82.5 75.8 73.5
Yes 108,139 17.5 24.2 26.5

Ever initiated ART No 145,145 40.5 22.2 17.8
Yes 351,803 59.5 77.8 82.2

ART, antiretroviral therapy.
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ratios (HRs) for those aged 40–50 and >50 years at
cART initiation of 1.16 [1.08–1.25] and 1.06
[0.95–1.18], respectively, compared to those aged
<40 years. After adjustment for potential confounders,
the adjusted hazard ratio was increased for women
aged 40-50 years (adjusted HR (aHR) 1.25 [1.14-1.37])
but remained similar for women aged >50 years (aHR:
1.08 [0.94–1.23]).

Viral rebound
Over one-fifth (22.1%) of women with viral suppres-
sion subsequently experienced virological rebound
over 12,307 PYRS. Cumulatively, 13.9%, 20.1% and
23.9% had a viral rebound within the first two, four
and six years after viral suppression, respectively. In
unadjusted analyses, whilst VL rebound rates among
women aged <40 and 40–50 years did not differ sig-
nificantly (HR: 0.90 [0.77–1.06] for women aged
40–50 years compared to those aged <40 years),
women aged >50 years were less likely to experience

viral rebound (HR: 0.70 [0.56–0.88]) than those aged
<40 years. After adjustment for confounders, however,
the aHR for women aged 40–50 years was strengthened
(aHR: 0.82 [0.68–0.98]) whereas that for women aged
>50 years was attenuated (aHR: 0.89 [0.69–1.15]).

Comparison with men in UK CHIC
A total of 5,843 heterosexual men from the UK
CHIC study were included in comparative analyses,
consisting of 3199 men aged <40 years, 1835 aged
40–50 years and 809 aged >50 years at study entry.
This group contributed a total follow-up of 41,620
PYRS. Compared to women, heterosexual men in UK
CHIC were older at study entry (median age: 38 [IQR:
32–46] years), with a lower median CD4þ T-cell
count (264 [IQR: 115–430] cells/mm3). A greater pro-
portion were of white ethnicity (24.6%). As observed
in women, the proportions with a prior AIDS event
(11.1%), HBV and HCV co-infection (0.7% and 0.3%,
respectively) were low.

Figure 1 Crude and adjusted odds/hazard ratio of engagement in care�, time to viral suppression and viral rebound� at
peri- and post-menopausal age compared to pre-menopausal age. Adjusted for ethnicity, ever started cART, previous
AIDS, HBV/HCV, calendar year, CD4þ T-cell count, HIV viral load. CI, confidence intervals; 1logistic regression; 2Cox pro-
portional hazard model; � time-updated covariates.
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Among the men, rates of EIC also showed an
increasing trend with age (72.5%, 82.0% and 85.9% in
the three age groups, respectively) although after
adjustment for potential confounders, there were no
significant differences in rates of EIC across the age
groups (age 40–50: aOR 0.94 [0.86–1.02]; age >50:
0.92 [0.83–1.03] compared to age <40 years; Figure
1). Although the association between EIC and men
aged >50 appeared to be weaker than that seen in
women aged >50, a test of interaction suggested that
the association between age and EIC did not differ sig-
nificantly between men and women (p¼ 0.36).

In total, 3,353 (80.1%) of the men became virally
suppressed within the first 12months on cART,
78.8%, 80.2% and 83.6% in the three age groups,
respectively. In contrast to women, there was no asso-
ciation between viral suppression and age amongst
men after adjustment for confounding (age 40–50:
aHR 0.98 [0.90–1.08]; age >50: aHR 1.07 [0.95–1.20]
vs. <40 years; Figure 1) and a test of interaction con-
firmed that the association between age and viral sup-
pression differed by sex (p< 0.0001).

Viral rebound occurred in 750 (22.4%) of those
with viral suppression (25.4%, 19.9% and 19.1% of
the three groups, respectively). Associations with age
appeared to be stronger amongst heterosexual men
(age 40–50: aHR 0.62 [0.51–0.74]; age >50: aHR 0.80
[0.65–0.99]; Figure 1), with older ages appearing to be
more strongly associated with a reduced risk of viral
rebound than in women (p< 0.0001 for test of
interaction).

Discussion
Using data on women participating in a large cohort
study of people with HIV in the UK, we have exam-
ined associations of EIC and virological outcomes with
age groups broadly corresponding to pre-, peri- and
post-menopausal age. Whilst there was no significant
difference in EIC between women in the age groups
broadly corresponding to pre- and peri-menopausal
stages, we found a lower likelihood of engaging in
care amongst women of a post-menopausal age.
However, there were no differences between age and
EIC in heterosexual men and women. Women of a
peri-menopausal age were more likely to attain VL
suppression and less likely to have a VL rebound com-
pared to pre-menopausal aged women. This was in
contrast to the pattern seen amongst the older age cate-
gories of heterosexual men, where there was no differ-
ence in the rate of viral suppression and a consistent
decline in rate of viral rebound.

Our analysis suggests post-menopausal aged women
may experience difficulties in engaging with care. The

most recent PRIME study is the first in England to
report on the associations between EIC and meno-
pausal status. Duff et al. reported no differences in
EIC by menopausal status, but severe menopausal
symptoms were found to have a negative impact on
EIC.4 In contrast to our study, previous analyses of the
UK CHIC Study utilizing the REACH algorithm sug-
gested a greater rate of EIC amongst individuals older
than 45 years rather than a lower rate.12 Our results
also differ from other studies that have explored the
association between age and EIC/clinic nonattend-
ance.13,14 Both Olatosi et al. and Kiplagat et al.
reported that people living with HIV aged �55 and
�50, respectively, were more likely to be engaged in
care compared to their younger counterparts. However,
neither study reported results after disaggregation
by sex.

It is important, however, to note differences in defi-
nitions of EIC used in the studies, with Olatosi et al.
defining EIC as at least one measured CD4þ T-cell
count or viral load test within each calendar year,13

and Kiplagat et al. defining this as no clinical attend-
ance within three months after the last clinical visit
date (among those not recorded as dead or transferred
out of care).14 We used the REACH algorithm, an
agile tool allowing us to predict expected date of next
clinic attendance according to guidelines, and applied
it to routinely collected clinical data over a prolonged
period of time. The flexibility of the algorithm may
result in a more sensitive measure of EIC.11,15

In our study, we found that peri-menopausal aged
women (those aged 40–50 years) were more likely be
virally suppressed and less likely to experience viral
rebound than women aged <40. There have been only
two studies to our knowledge that have explored the
association of virological suppression with reported
menopausal status.6,16 In contrast to our findings, both
studies reported no difference in viral suppression rates
according to menopausal status amongst women in
Brazil and Spain. The data on age and viral suppres-
sion are conflicting, with some studies suggesting that
older people living with HIV have higher rates of VL
suppression17–21 and others reporting no association
with age.22–25 Studies conducted in Latin America/the
Caribbean and South Africa have similarly suggested a
lower likelihood of experiencing VL rebound amongst
older men and women living with HIV.25,26 Our results
may support a greater level of adherence to ART in
heterosexual women of a peri-menopausal age in this
setting, although given previous published data, our
findings should be interpreted cautiously. Although
there are currently limited data exploring HIV out-
comes amongst older people with HIV in a gender-
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disaggregated manner, older individuals have generally
been reported to have better adherence and tolerability
to ART.11 Further research exploring this is required
to tease out possible explanations between onset of
menopause and ART adherence or tolerability.

We report no differences in the association between
age and EIC in heterosexual men and women of simi-
lar age, suggesting that any reduction in EIC in the
older age group may be related to ageing, rather than
menopause specifically. In contrast, when exploring
the association between age and viral outcomes, we
found that the association differed significantly
between men and women. Women of peri-menopausal
age (40–50 years) had a higher likelihood of VL sup-
pression compared to women aged <40 years, but this
association was not present in men. Additionally,
women in the peri-menopausal age group were less
likely to experience virological failure compared to
women aged <40, and this trend was not observed in
the post-menopausal group. However, older men were
consistently less likely to have VL rebound in both
older age groups (40–50 and >50) compared to men
aged <40 years. Previous analyses of the UK CHIC
Study and American datasets exploring virological
responses have reported no differences by sex.27,28

Although, a Canadian study found that women were
more likely to attain VL suppression and viral rebound
than men,29 these associations were not explored in
relation to age specifically. Our study uniquely sug-
gests that women of a peri-menopausal age may
undergo changes, which directly or indirectly impact
adherence or reduced toxicity to ART. For example,
we could speculate that the onset of menopausal symp-
toms in the peri-menopausal group may cause concern
among women prompting attendance at the HIV clinic
with associated adherence support, therefore resulting
in higher rates of VL suppression and lower rates of
viral rebound at peri-menopausal ages.

A strength of our study is the large number of
women living with HIV from a representative sample
of people attending HIV care in the UK included in
our analyses. Longitudinal follow-up through routinely
collected data in the UK CHIC Study cohort allows us
to understand dynamic changes in clinical outcomes as
people with HIV age.

A key limitation is that we have no data on meno-
pause status or menopausal symptoms, and instead use
age as a surrogate marker. Although we selected our
age groups to broadly correspond to menopausal stage,
it is important to acknowledge that they may not cap-
ture this perfectly. Our age groups for this analysis
were selected on the basis of the age distribution of
women with HIV in the UK CHIC cohort as well as

the expected age at onset of menopausal symptoms
(with an average age of menopause in the UK of
51 years).30 Although further stratification of age into
finer age groups may have provided a more accurate
separation of those with and without menopausal
symptoms, the number of women over the age of 50 in
the cohort was too small to permit reliable and appro-
priately powered analyses. Sensitivity analyses (not
shown) suggested that associations did not differ sub-
stantially when alternative age groupings were used.

Additionally, although our analyses focus on meno-
pause, we recognize that many other factors may con-
tribute to the differences seen in the age groups
selected. Younger women, for example, may experi-
ence barriers which negatively impact their ability to
engage in healthcare and to adhere to therapy, particu-
larly when caring for a family. Ageing in general rep-
resents a whole host of new challenges not considered
in these analyses, e.g. diagnoses of new comorbidities
that may lead to polypharmacy. As such, the possibil-
ity of drug-drug interactions must always be consid-
ered to ensure there is no loss in virological efficacy or
increased drug toxicities as people age.31,32

Furthermore, it is important to acknowledge the psy-
chosocial impact of factors such as caring responsibil-
ities and declines in health over a woman’s lifetime,
with consequent effects on mental health.33,34

Further limitations include a lack of lifestyle data
(e.g. alcohol consumption, smoking habits) which may
have an impact on the timing and symptoms of meno-
pause as well as ART adherence.35 The majority of
follow-up time in the present study occurred from
2012 to 2017, a period of time during which individu-
als would have had access to more tolerable ART
drugs, therefore the risk of adverse events are rare.
This may potentially reduce any negative impact of
menopausal status on adherence. And lastly, our cohort
is representative of the UK’s heterosexual HIV epi-
demic and results cannot be generalized to other popu-
lations in the UK and beyond.

In summary, using data from one of the largest and
representative cohorts of people with HIV, we find an
association between peri-menopausal age and viral out-
comes among heterosexual women living with HIV.
We suggest there is better adherence to ART amongst
women aged 40–50 compared to that in younger
women. Our findings highlight the importance of tak-
ing a life course approach when providing care to
women living with HIV, and ensuring support is tail-
ored to their needs at different life stages. We, there-
fore, welcome the national recommendations that HIV
clinics provide information about the menopause to
women attending their service, and establish care
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pathways with specialist menopause services and pri-
mary care.36 Further research to understand the rela-
tionship between the onset of menopause and HIV
outcomes is imperative to inform both women living
with HIV and clinicians responsible for their care of
the impact of the menopause on their health and
well-being.
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