SCIENTIFIC
R \ | 5 ] AIDS HIV Treat. 2023;5(1):34-40.
Journal of AIDS and HIV Treatment Research Article

A Longitudinal Assessment of Interruptions in HIV Clinic Visits
and Virologic Failure among Pregnant and Postpartum Women in
the Kabeho Study

Eric W. Nawar"’, Katherine M. Andrinopoulos?, Rhoderick N. Machekano!, Thomas W. Carton®, Emily A.
Bobrow*, Placidie Mugwaneza®, Dieudonne Ndatimana®

'Elizabeth Glaser Pediatrics AIDS Foundation, Washington, DC USA

*Tulane School of Public Health and Tropical Medicine, New Orleans, LA USA
’Louisiana Public Health Institute, New Orleans, LA USA

*Johns Hopkins Bloomberg School of Public Health, Baltimore, MD USA
°Rwanda Ministry of Health, Kigali, Rwanda

®Jhpiego, Kigali, Rwanda

"Correspondence should be addressed to Eric W. Nawar, Eric.w.nawar@gmail.com
Received date: July 31, 2023, Accepted date: September 20, 2023

Citation: Nawar E, Andrinopoulos KM, Machekano RN, Carton TW, Bobrow EA, Mugwaneza P, et al. A Longitudinal
Assessment of Interruptions in HIV Clinic Visits and Virologic Failure among Pregnant and Postpartum Women in the Kabeho
Study. ] AIDS HIV Treat. 2023;5(1):34-40.

Copyright: © 2023 Nawar E, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

Abstract

Background: Antiretroviral therapy (ART) for women with HIV is recommended for life, yet most studies measure retention in HIV care and
treatment as a binary outcome rather than patterns of intermittent clinic attendance. Pregnancy and the post-partum period are critical times
to study interruptions in care, as retention among these women is particularly challenging and can affect the outcomes of both the mother
and her child.

Methods: The Kigali Antiretroviral and Breastfeeding Assessment for the Elimination of HIV (Kabeho) study was an observational prospective
cohort of 608 pregnant and postpartum women with HIV followed for 2 years. Clinic visit attendance was used to construct an interruption
variable defined as a missed visit followed by a return to care. In multivariate analyses, we examined interruption patterns as predictors of
virologic failure and detectable viral load.

Results: During the study period, 48% of women had multiple visit interruptions and 29% had an interruption that lasted more than one
month. Adjusting for age, ART regimen, time on ART, and CD4 count, the odds of virologic failure among women with multiple interruptions
were almost 3 times higher than for women with one or no interruptions (aOR=2.72, 95%Cl: 1.09, 6.77). The odds of virologic failure were nearly
3.5 times higher among women with an interruption lasting more than one month compared with women with shorter or no interruptions
(@OR=3.47,95%Cl: 1.59, 7.66).

Conclusions: Interruptions in HIV care visits are common with significant increases in virologic failure among women with multiple and

long-term interruptions. Measuring patterns of interruption, rather than a single binary measure captures the fluid nature of lifetime and
health-seeking behavior.
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Introduction

Initiating and retaining women with HIV on antiretroviral
therapy (ART) during pregnancy and postpartum is critical to
minimize the risk of transmission to their infants and for their
own health [1].In support of the prevention of mother-to-child
transmission of HIV, the World Health Organization (WHO)
published a series of regularly updated treatment guidelines
and recommendations [2]. In 2013, the guidelines included
the recommendation to start a 3-drug combination treatment
immediately following a diagnosis of HIV regardless of CD4
count and to continue the treatment for life - an approach
referred to as “Option B+"[3].

Initiating ART is an important first step, but maintaining
treatment throughout breastfeeding can play a major role in
decreasing the likelihood of mother-to-child transmission [4,5].
Likewise, continuing treatment for life is critical to reducing
morbidity and mortality for women given the rapid rebound
of the virus once treatment is stopped [6,7]. Achieving HIV viral
suppression following the uptake of ART is a principal endpoint
for improving individual health and reaching population-level
HIV epidemic control [8,9]. However, continued treatment and
adherence are challenging in resource-limited settings with
retention rates in HIV care as low as 45% after 3 years [10].

Despite the long-term nature of ART, there is a dearth of
information on specific interruption patterns over time, and
how those patterns may affect viral load differently. Likewise,
many studies examining retention in HIV care in Sub-Saharan
Africa use binary outcomes at one point in time rather than
patterns of attendance over a period of time which likely
is @ more accurate portrayal of the true nature of life-long
engagement in care [11-15]. The viral load response to
interruptions in treatment may vary by the timing, frequency,
and duration of the interruptions. Pregnancy and the post-
partum period are critical times to study interruptions, as
retention among women during those periods tends to be
more challenging than in other populations [16,17].

In 2013, the Kigali Antiretroviral and Breastfeeding
Assessment for the Elimination of HIV (Kabeho) study was
conducted by the Elizabeth Glaser Pediatric AIDS Foundation
in collaboration with the Government of Rwanda to evaluate
the effectiveness of Rwanda’s prevention of mother-to-child
HIV transmission (PMTCT) program that included the Option
B+ approach [18]. Using data from the Kabeho study, we
describe patterns of interruptions in care and treatment over
a 24-month period among pregnant and postpartum women
and explore potential associations of interruptions and both
virologic failure and detectable viral load.

Methods
Study design and population

The Kabeho study was an observational prospective cohort

of 608 women from 14 high-volume (>50 pregnant women
with HIV per year) antenatal clinics in Kigali, Rwanda, enrolled
between April 2013 and May 2014. All women had HIV and
either in their third trimester of pregnancy or within two weeks
post-delivery. Interviews were conducted at the enrollment
visit to collect information on demographics, antenatal clinic
(ANC) visit history, HIV and ART history, ART adherence, and
ANC/PMTCT nutrition counseling. After delivery, eighteen
subsequent study visits were conducted in conjunction with
participants’ routinely scheduled monthly PMTCT facility
visits. Two additional quarterly visits were conducted 21 and
24 months postpartum for a total of 20 study visits following
enrollment.

In addition to patient information collected at the study
visits, specimens were collected for HIV RNA-PCR testing
for viral load, within two weeks of delivery, and at the 18
and 24-month visits. Testing specifications, procedures, and
laboratory details have previously been described [18]. Of
the 608 women enrolled, 567 came to at least one follow-up
visit following enrollment. One woman exited the study as
she relocated to a remote location following enrollment but
then returned to the study at month 16. She was excluded
from the analyses of interruption patterns resulting in a
study population of 566 women. Analyses examining the
relationship between interruptions and viral load were limited
to the 420 women who had a viral load test done at their
24-month visit.

All study participants provided written informed consent,
and all study personnel received training in protecting human
subjects in research. The Kabeho study received ethical
approvals from the Rwandan National Ethics Committee,
the Rwanda National Health Research Committee, and the
Institutional Review Board of George Washington University,
and is registered at clinicaltrials.gov (NCT02295800).

Measures

Dependent variables: We examined HIV viral load results
at the 24-month visit. Detectable viral load - defined as >
20 copies/ml per the lower limit of detection for the Roche
COBAS Ampliprep/COBAS Tagman assay - was categorized as
a dichotomous variable (“detectable” and “undetectable”) [19].
We also included a similar dichotomous variable for virologic
failure defined as = 1000 copies/ml [20].

Primary Independent variables: The primary independent
variable of interest was an interruption in care and treatment
during the study period. An interruption was defined as
one or more missed monthly study visits anytime between
enrollment and their 24-month visit. Using data from visit
records, we measured interruptions in care using two
approaches introduced in previous studies [21]: The first was
the number of interruptions (of any length) throughout the
2-year study period.The second was thelength of interruptions
(number of consecutive months missed) and since women
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Figure 1. Hypothetical situation to illustrate interruption patterns.

experienced multiple interruptions, the length of the longest
interruption was used. Figure 1 illustrates a hypothetical
patient with 3 interruptions. The first interruption started
after enrollment and lasted 1 month. The second interruption
started at visit 3 and lasted 4 months. The third and final
interruption started at visit 12 and lasted 2 months. The length
of the longest interruption was 4 months (months 3-6). The
number of interruptions and the longest interruption length
were examined as continuous and categorical variables for
a total of 4 separate interruption variables. The categorical
variables were defined as less than 2 interruptions versus 2 or
more interruptions, and less than 2 months versus 2 or more
months, respectively [22,23].

Additional covariates: We included several covariates in
the multivariate models to control for potential confounders
including age, length of time on ART, ART regimen, and CD4
count at enrollment. We used a bivariate variable for CD4
cell count with a cutoff at < 200 cells/mm?as a proxy for
advanced HIV disease (AHD) [24]. Length of time on ART was a
continuous variable for the number of months the participant
had been on ART prior to enrollment. Finally, we controlled
for ARV regimen. The most common regimen at enrollment
was the combination of Tenofovir, Lamivudine, and Efavirenz
(TDF + 3TC + EFV). Women could change regimens at any time
during the study period, so we created a dichotomous variable
that included those who only took this TDF combination for
the entire study period vs. those who took any other regimen
at any time.

Statistical analysis

Frequencies and percentages were used to summarize all
the categorical variables and medians with interquartile
ranges (IQR) were used to describe the continuous variables.
Both 24-month outcomes (detectable viral load and virologic
failure) were summarized using frequencies and percentages.
We used logistic regression models to examine the relationship
between interruptions and viral load. For each outcome, we
ran a separate model for each of the 4 interruption variables.
We examined univariate relationships and then adjusted for
potential confounders in multivariate models. All statistical
analyses were conducted in Stata version 15.0.

Results

Of the 566 women in this study who had at least one follow-
up visit, 121 (21%) attended all study visits. The remaining

79% of the cohort had at least one visit interruption. Table 1
shows the characteristics of the study population including
metrics for the entire study population in the first column
(“Total”) followed by the same variables by viral load outcome
(detectable and virological failure) for the 420 women who
had a viral load test conducted at the 24-month visit. The
median age of the cohort was 29 years (IQR 25-34), with a
median of 30 years among those with either detectable viral
load or virological failure at 24 months. The median number
of months on ART at the time of enrollment for all women
was 16 months (IQR: 3-52) and was nearly twice as long for
those with detectable viral load and virological failure (30 and
31 months, respectively) at their 24-month visit. Just over 5%
of the women in the study had advanced HIV disease (AHD)
(CD4 count< 200 cells/mm?3) at enrollment. Six of the 92 (6.5%)
women with detectable viral load and 5 of the 37 (13.5%)
with virological failure at the 24-month visit had AHD at
enrollment. Overall, just over half the cohort (53.7%) received
the standard triple combination regimen of TDF + 3TC + EFV
at every study visit they attended. Roughly 40% of those with
either detectable viral load or virological failure received the
standard regimen throughout the study period.

Nearly half (48.2%) of all the women in the study population
had multiple (more than 1) interruptions during the 2-year
study period. Among women with detectable viral load
or virological failure at 24 months, the percentages who
experienced multiple interruptions were 61% and 73%,
respectively. A similar pattern emerged when examining the
length of interruptions. The percentage of women in the study
population with an interruption lasting 2 or more months was
nearly 29%. Thirty-seven percent of those who had detectable
viral load and more than 51% of those with virological failure
at 24 months experienced interruptions that lasted 2 months
or more.

Table 2 shows odd ratios for detectable viral load and
virologicfailure at24 monthsusing the number of interruptions
and length of the longest interruption as continuous and
categorical variables. Univariate and multivariate estimates
adjusted for age, the number of months previously on ART at
enrollment, CD4 count, and ARV regimen are presented.

Effect of care interruption on virologic failure

Interruption of care was significantly associated with
virologic failure. When examining the effect of interruptions
on viral load using continuous variables, we found that each
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Table 1. Characteristics of participants enrolled in the Kabeho Study, Kigali, Rwanda; 2015-2017.

Toa | PeectableVt | Nordeecstlewt | wicloscl e | e i< 100
copies/ml)

Characteristics at enrollment: | n=566 n=92 n=328 n=37 n=383

Median (IQR) age 29 (25-34) | 30(25-36) 29 (25-34) 30 (25-35) 29 (25-34)

Median (IQR) months on ART | 16 (3-52) 30 (4-77) 10 (5-61) 31 (4-89) 11 (5-60)

CD4 test results (cells/mm?3)

<200 31(5.5) 6 (6.5) 15 (4.6) 5(13.5) 16 (4.2)

=200 470 (83.0) 77 (83.7) 274 (83.5) 29 (78.4) 322 (84.1)

missing 65 (11.5) 9(9.8) 39(11.9) 3(8.1) 45(11.7)

ART regimen

TDF + 3TC + EFV 304 (53.7) 37 (40.2) 182 (55.5) 15 (40.5) 204 (53.3)

Other 262 (46.3) 55 (59.8) 146 (44.5) 22 (59.5) 179 (46.7)

Interruption variables:

Number of interruptions

<2 293 (51.8) 36 (39.1) 174 (53.0) 10 (27.0) 200 (52.2)

22 273 (48.2) 56 (60.9) 154 (47.0) 27 (73.0) 183 (47.8)

Length of the longest interruption (months)

<2 403 (71.2) 58 (63.0) 253 (77.1) 18 (48.6) 293 (76.5)

=2 163 (28.8) 34 (37.0) 75 (22.9) 19(51.4) 90 (23.5)

Table 2. Association of visit interruptions with viral load at 24 months among 420 participants in the Kabeho Study; Kigali, Rwanda;
2015-2017.

Detectable Viral Load Virological Failure

Unadjusted Adjusted* Unadjusted Adjusted*
Continuous variables: OR (95%ClI) p aOR (95%Cl) p OR (95%Cl) p aOR (95%Cl) p
Number of interruptions | 1.17 (1.00, 1.37) | <0.05 | 1.06 (0.87, 1.29) 0.58 1.33(1.08, 1.65) | 0.01 1.28 (0.97, 1.68) 0.08
Length ofthe longest | 4 51 (1 57 138) | <0.01 | 1.28(1.09,150) | <0.01 | 1.34(1.15,1.56) | <0.01 | 139(1.15,1.67) | <0.01
interruption (months)
Categorical variables: OR (95%Cl) p aOR (95%Cl) p OR (95%Cl) p aOR (95%Cl) p
Number of interruptions
<2 Reference Reference Reference Reference
>2 1.76 (1.10, 2.82) | 0.02 1.41(0.81, 2.44) 0.22 2.95(1.39, 6.26) | 0.01 2.72(1.09, 6.77) 0.03
Length of the longest interruption (months)
<2 Reference Reference Reference Reference
>2 1.98(1.20,3.25) | 0.01 2.11(1.18,3.75) 0.01 3.44(1.73,6.83) | <0.01 | 3.47(1.59,7.66) <0.01

*Adjusted for age, ART regimen, length of time on ART, and CD4 count
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additional interruption during the study period resulted in a
33% increase in the odds of virologic failure in the univariate
model (OR=1.33, 95%CI=1.08, 1.65). After adjusting for
covariates as well as the length of the longest interruption,
we observed a similar effect (aOR=1.28, 95%C|=0.97, 1.68),
however, it was not statistically significant at the 0.05 a-level
(p=0.08). In the multivariate model which also controlled
for the number of interruptions, each additional month in
the length of the longest interruption increased the odds of
virologic failure by nearly 40% (aOR=1.39, 95%Cl=1.15, 1.67).

The unadjusted odds of virologic failure for women who
experienced multiple interruptions throughout the study
period were nearly three times higher than the odds of
virologic failure for women with a single or no interruptions
(OR=2.95, 95%Cl=1.39, 6.26). Results were similar after
adjusting the longest length of interruptions as well as the
covariates (aOR=2.72, 95%Cl=1.09, 6.77). Likewise, adjusting
for covariates and the number of interruptions, the odds of
virologic failure among women who had an interruption of 2
months or longer were nearly 3.5 times higher than women
with shorter interruptions (aOR=3.47, 95%Cl=1.59, 7.66).

Detectable viral load

The series of regression models were repeated using
detectable viral load as the outcome (rather than virologic
failure) and resulted in similar patterns although while all
the univariate models were statistically significant, only the
results in the multivariate models examining the length of
interruptions were significant. Specifically, after adjusting for
covariates and the number of interruptions, each one-month
increase in the length of the longest interruption increased the
odds of having detectable viral load at 24 months (aOR=1.28,
95%Cl=1.09, 1.50). Similarly, the odds of detectable viral load
among women who had an interruption of at least 2 months
were more than twice as high as those who had shorter
interruptions (aOR=2.11, 95%Cl=1.18, 3.75).

Discussion

Our analyses demonstrated that postpartum women
enrolled in the Kabeho study and followed for 24 months
frequently missed visits but then returned to care at some
point afterward. This finding is consistent with similar studies
including one by Mills et al. who found that more than 11% of
the cohort studied returned to care following an interruption
ofatleast 12 months[25].InRwanda, Nsanzimana etal. suggest
that re-engagement after a 3-month interruption may be as
high as 40% [26]. Traditional methods of measuring retention
fail to capture this more fluid nature of engagement in care
that we observed. Further, by measuring retention at one
point in time, women may be classified as “not retained” even
though they were simply in the middle of an “interruption”
and eventually returned to care. Better identification of how
women engage, interrupt, and re-engage in care may lead to
more effective interventions and keep women continuously in

care receiving their treatment.

Regardless of how we classified interruptions, there was a
clear relationship between missed visits and virologic failure.
Our study suggests that multiple interruptions are associated
with virologic failure regardless of the length of those
interruptions. The same is true for women who experience
an interruption longer than one month, regardless of the
number of interruptions they experience. It is important to
note that retention in the Kabeho study may be higher
than in a non-study environment as the protocol included
procedures for study nurses to take following missed visits.
These included efforts to contact women who were late for
their visits beyond what would otherwise happen as part of
routine care. Therefore, the interruptions we observed may be
an underestimate of the true nature of interruptions outside
of a study environment where women may have more and
longer interruptions. In this study, missing only 2 consecutive
visits more than tripled the likelihood of virologic failure. Our
study period was only two years, therefore the number of
interruptions we observed is likely to be just a fraction of what
one would expect in a lifetime, and therefore the impact on
viral load could be even worse than what we observed.

The different measurements of interruptions used in our
study yielded similar results. PMTCT and ART programs vary
dramatically in terms of staff availability, staff skills, and data
systems. It therefore may be difficult to anticipate which type
of interruption measurement is most feasible. Given the lack
of a gold standard and the similar results found across the
different measurements used in this study, using the most
practical method of measurement given the resources and
systems available may still be valuable in identifying women
at risk of virologic failure. It may be easier for one clinic, for
example, to flag any women who miss multiple visits as a risk.
Another clinic may have systems in place that make it easier
to monitor the length of an interruption. This study did not
attempt to evaluate or compare the different methods of
measurement.

Our study did have some limitations. Our results may be
confounded by the fact that those with more interruptions
(and longer interruptions) are more likely to experience an
interruption just before the 24-month visit in which viral load
was tested. In other words, it is possible that the virologic
failure we observed was due to stopping ART just before being
tested, as opposed to the frequency or length of interruptions
throughout the study period.To test this potential confounding
factor, we ran the same regression models adjusting for the
time between the last interruption and the viral load test at 24
months. This resulted in similar associations suggesting that
the timing of interruptions relative to the viral load test date
did not confound our results.

Furthermore, we did not explore reasons for missed visits.
To develop interventions aimed at reducing treatment
interruptions, it would be helpful to understand the factors
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that contribute to the patterns most likely to lead to viral
failure. Gill et al. examined attitudes and norms related to
treatment in the Kabeho study and found potential barriers to
continuity of treatment such as stigma, drug side effects, lack of
social support, and lack of understanding or non-belief in ART
benefits [27]. These barriers were also described in a systematic
review of 34 studies to explore health system, individual, and
contextual factors associated with retention among pregnant
and postpartum women with HIV by Hodgson et al. [16].
Results from both studies are worth exploring as potential
opportunities for interventions aimed at improving retention
among women with frequent interruptions in care.

Despite these limitations, our analyses add to the existing
research focused on the retention of postpartum women
in PMTCT care in resource-limited settings. By looking at
patterns of interruption rather than an overall outcome at one
point in time, we were able to better capture the fluid nature
of lifetime health-seeking behavior. We demonstrated that
most women have interruptions in care and that multiple and
long interruptions are associated with both virologic failure
and detectable viral load. PMTCT programs could benefit from
developing interventions targeted at women at risk of missing
frequent visits.
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