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Introduction: Recent studies project thousands of additional
AIDS-related deaths because of COVID-19–related disruptions in
HIV care. However, the extent to which disruptions in care have
materialized since the start of the pandemic is not well understood.

Methods: We use electronic health records to investigate how the
pandemic has affected clinic visits, patients’ antiretroviral therapy
(ART) supply, and viral suppression for a cohort of 14,632 HIV
clients from a large HIV clinic in Kampala, Uganda. We comple-
ment this with an analysis of electronically measured longitudinal
ART adherence data from a subcohort of 324 clients.

Results: Clinic visits decreased by more than 50% after a national
lockdown started. The risk of patients running out of ART on a given
day increased from 5% before the lockdown to 25% 3 months later
(Relative Risk Ratio of 5.11, 95% confidence interval: 4.99 to 5.24)
and remained higher than prelockdown 6 months later at 13%
(Relative Risk Ratio of 2.60; 95% confidence interval: 2.52 to 2.70).
There was no statistically significant change in electronically
measured adherence or viral suppression.

Conclusion: We document substantial gaps in HIV care after the
start of the COVID-19 pandemic in Uganda. This suggests that
measures to improve access should be explored as the pandemic
persists. However, ART adherence was unaffected for the subcohort
for whom we measured electronic adherence. This suggests that
some clients may have stockpiles of ART tablets from previous
prescriptions that allowed them to keep taking their medication even
when they could not visit the clinic for ART refills.
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INTRODUCTION
The COVID-19 pandemic creates several barriers to

HIV care globally, which may result in increased AIDS-
related deaths and greater spread of HIV.1–3 People living
with HIV (PLWH) require daily doses of antiretroviral
therapy (ART) to control their illness and reduce risk of
forward transmission. Disruptions in care can hinder PLWH’s
ability to adhere to medication regimens.4 Barriers to HIV
care and ART adherence during the pandemic may be
exacerbated in poor communities with limited access to
health facilities, such as those in sub-Saharan Africa where
most PLWH reside.5–7 The World Health Organization
(WHO) estimates that disruptions from the pandemic could
cause up to half a million additional deaths from AIDS-
related illnesses, mostly in sub-Saharan Africa.8 In addition,
interruptions in ART access and daily pill taking among
PLWH may lead to drug resistance and increased HIV viral
loads, which in turn increase the risk of viral transmission.9,10

However, the extent to which care disruptions have materi-
alized during the COVID-19 pandemic is not
well understood.

The pandemic could reduce access to HIV care and
hinder ART adherence for several reasons. First, many
countries have implemented policies that require quarantining
and social distancing, thus restricting transportation and
limiting people’s ability to travel to obtain their ART refills.
In Uganda, the government implemented a national lockdown
starting on March 25, 2020, that prohibited public trans-
portation and limited private travel to 1 person per vehicle.11

Second, although Uganda eased transport restrictions after 2
months, PLWH may still avoid coming to the clinic because
of fear of COVID-19 infection. A recent survey of PLWH in
Uganda confirmed that 54% of respondents believed that
coming to the clinic increased their risk of acquiring COVID-
19.12 Third, the pandemic limits economic activity because of
restrictions and reduced demand. This could increase food
insecurity. Because most ART medication should be con-
sumed with food to avoid unpleasant side effects, the increase
in food insecurity may reduce ART adherence. Food
insecurity could also affect adherence through other
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mechanisms such as depression and competing priorities. A
recent study from Uganda, where food insecurity among
PLWH was near 20% before the pandemic, found that lack of
food is one of the most important barriers to ART adher-
ence.13 Finally, the pandemic could disrupt daily pill-taking
routines, which are important for consistent adherence, by
changing the structure and schedule of daily life.12

Several recent studies have discussed or modeled the
potential impacts of the COVID-19 pandemic on HIV-related
outcomes.3,4,6,7,14,15 Others have asked PLWH about how
they are faring during the pandemic through surveys or
qualitative interviews.12,16–18 However, studies to date lack
quantitative evidence on the extent to which the pandemic
affects whether people have sufficient personal ART supply
(ie, have medication on a given day), ART adherence, and
clinical outcomes. In this observational cohort study, we used
electronic health records (EHRs) from before and after the
start of lockdown to investigate how the pandemic and
lockdown affected HIV care disruptions (clinic attendance
and personal ART supply) and viral suppression for a cohort
of 14,632 HIV clients from Mildmay Uganda in Kampala,
one of the largest HIV care providers in Uganda (henceforth
the full Mildmay cohort). We complement this with the
analysis of electronically measured, longitudinal ART adher-
ence data from a subcohort of 324 clients enrolled in a study
we conducted at Mildmay collected through electronic
medication event monitoring system (MEMS) pill bottle caps
(henceforth the MEMS cohort) and additional survey data to
contextualize our findings with self-reported experiences
during the pandemic.

METHODS

Study Design, Setting, and Participants
We use data from the EHR system of Mildmay Uganda.

Mildmay specializes in the provision of comprehensive HIV
and AIDS prevention, care, and treatment services through
outpatient and inpatient services. The main facility has
modern laboratory infrastructure with ability to do virology
and other tests. Among the more than 15,000 patients served
at the main facility in Kampala, 8% are children younger than
18 years, 64% are female, and 100% of clients receiving HIV
care are on ART. Mildmay serves a large portion of the HIV-
positive population in and around Kampala, and thus their
clients represent a variety of different demographic groups.
The average time to arrive to the clinic in our MEMS cohort
is about 2 hours, which implies that clients come from all over
the central region in Uganda, not just the urban areas near
the clinic.

Mildmay is one of a growing number of facilities in
sub-Saharan Africa with a well-established EHR system. We
restrict our analysis to clients with at least 2 ART prescrip-
tions in the 7 months leading up to the lockdown (14,632
clients) because these clients are likely to have been active
Mildmay clients when the lockdown started on March 25,
2020. Prescriptions are usually for 30, 60, or 90 days, with 90
being most common (52% of all ART prescriptions).

As part of an ongoing study, Behavioral Economics
Incentives to Support HIV Treatment Adherence (BEST,
Clinical Trials Registration Number NCT03494777), we
enrolled adult Mildmay clients to participate in a randomized
controlled trial. These clients constitute our MEMS cohort
and are a subset of the full Mildmay cohort.

The BEST study tests an intervention that promotes
ART adherence through small rewards based on behavioral
economics for high adherence, and is described in detail
elsewhere.19 To recruit the BEST study participants, we used
EHRs to identify patients who were aged 18 years or older,
had been on ART at Mildmay for 2 years or longer, and had
documented adherence problems in the 6 months preceding
recruitment (defined as showing lack of viral suppression,
being sent to adherence counseling, or showing disease stage
3 or 4 as per WHO guidelines).

Between March 2018 and August 2019, we recruited
participants for the BEST study. As part of the BEST study
protocol, clients received MEMS caps that recorded each time
they opened their ART pill container. We excluded clients
who opened their MEMS cap for less than 30% of their
prescribed doses during the first month of the BEST study
because this implies an inability to use the MEMS cap.
Consistent use of the MEMS cap was a requirement for
participating in the BEST study. Of the 376 clients who we
recruited, 24 participants were excluded because they were
not consistently using the MEMS cap. An additional 28 were
lost to follow-up or excluded from the analysis because they
did not meet the inclusion criteria for the EHR data extraction
(ie, did not have at least 2 ART prescriptions between July
2019 and March 2020). We thus included 324 clients in our
analysis; 215 were assigned to 1 of the 2 BEST intervention
arms, and 109 were assigned to the control arm. The
intervention did not moderate any of the results reported in
this article (results available on request).

The BEST study was ongoing in its second year when
the pandemic started to affect life in Uganda around March
2020.20 All intervention activities were paused when the
pandemic began, but clients retained their MEMS caps and
were instructed to continue using them. We used this cohort
of 324 BEST participants to measure how ART adherence
changed after the start of the pandemic. Most of the BEST
participants had MEMS cap data available after the pandemic;
310 participants had a MEMS reading for the period up to
June 2020 or later, and 293 participants had a MEMS reading
in September 2020 or later.

The government implemented a national lockdown on
March 25, 2020.20 Public transportation, taxis, and most
businesses were required to close during this period, and
citizens were told to stay in their homes aside from a few
essential activities. Mildmay remained open during the
lockdown. Although the lockdown officially ended on June
2, several transportation restrictions remained in effect by
September 2020 (eg, use of motorcycle taxis or boda bodas, a
common form of transportation in Uganda, remained
restricted at the time of writing this article). Our study design
uses longitudinal EHRs and adherence data to measure
changes in outcomes after the start of the government-
mandated lockdown.
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We obtained ethics approval from the RAND Corpo-
ration’s Human Subjects Protection Committee
(#2016-0956), the Mildmay Uganda Research Ethics Com-
mittee Institutional Review Board (#02013-2018), and the
Uganda National Council for Science and Technology
(#2394). This study conforms to STROBE guidelines for
observational studies (see Appendix, Supplemental Digital
Content, http://links.lww.com/QAI/B728).

Data

Prescription Records
We extracted EHR data on ART prescriptions for all

clients who met the eligibility criteria described above
(n = 14,632). These data include the prescription date and
days’ supply of the prescription. We used this to assess the
extent to which clients were likely to have run out of their
medication, which implies that they missed a refill. We used
the prescription duration to record the remaining days’ supply
on each day, assuming clients took their medication as
prescribed (eg, if they get 90 days’ supply on March 1, then
they will have 89 remaining days’ supply on March 2). We
accounted for drug stockpiling by adding days’ supply over
time (eg, if they had 12 days’ supply stockpiled when they get
a new 90-day prescription, this would be coded as 102 days’
supply). This approach is adapted from the “proportion of
days covered” measure, which is a validated measure of
medication adherence.21,22 Importantly, it is possible this
measure underestimates remaining ART supply if clients take
fewer pills than prescribed. This measure could also under-
estimate remaining ART supply if clients switched clinics and
refilled their ART at the new location, in which case they
would not have a prescription in the Mildmay EHR. To
address this, we restricted the analysis to clients with at least 1
clinic visit between September 30, 2020, and August 6, 2021;
that is, after our study period ended, they were observed at
Mildmay and thus are unlikely to have moved or changed
clinics during the pandemic. This excluded 1415 clients
(9.6% of our sample; see Appendix Table S4, Supplemental
Digital Content, http://links.lww.com/QAI/B728).

Mildmay allowed clients to refill their medication at
external locations during the lockdown. Although the records
team made an effort to add external refills to the EHR
retrospectively through client reports, some external refills
might be omitted from the EHR data. Only 7% of our MEMS
cohort reported getting refills at different clinics on the phone
survey (described below). To address this, we conducted
sensitivity analyses where we excluded people who got
external refills (see Appendix Figure S3, Supplemental
Digital Content, http://links.lww.com/QAI/B728).

Clinic Visits and Viral Loads
We extracted data on clinic visits and HIV viral load

measures for the same cohort of clients for whom we
extracted prescription data. We used these data to create
monthly totals of client visits and to estimate the share of
Mildmay clients with a suppressed viral load in each month
(below 200 copies/mL).23 Clients get routine viral load testing

annually, which means monthly suppression numbers are
based on different clients in different months.

Electronically Measured Adherence
All participants enrolled in the BEST study (interven-

tion and control groups) received a MEMS cap that attached
to their pill container on recruitment. MEMS caps house a
microelectronic chip that records the date and time of each
container opening, enabling a precise, objective assessment of
the timing of each dose. Our study team extracted MEMS cap
data using the PowerView software each time participants
visited the clinic. We can only observe adherence data during
the pandemic for individuals who visited the clinic after the
pandemic started. We used the ART regimen in a client’s
medical record, which is composed of up to 3 different
individual medications, to assess how many doses they were
prescribed each day, which accounts for regimen changes.
Clients with a once-a-day medication combined with a twice-
a-day medication were classified as twice a day.

We used the MEMS cap event data to create a client
day data set that records the client’s adherence for each day
that they had the device. We created a variable that captures
the share of prescribed pills that were actually taken each day
by dividing the number of bottle openings on each day
(capped at the prescribed number of doses to prevent
adherence measurements over 100%) by the number of doses
prescribed (based on dosage information in the EHR).

We also assessed the degree to which clients’ daily
ART adherence routines were altered during the pandemic.
We analyzed changes in the daily timing of pill container
openings before and after the government-mandated lock-
down began. We constructed a measure (2 measures for
twice-a-day regimens) that indicated whether each opening
was performed within a 2-hour window (61 hour) from
clients’ typical pill-taking time based on the modal time over
a 60-day window (630 days). Most habitual behaviors are
performed at approximately the same time each day.24,25 We
hypothesized that the pandemic would disrupt pill-taking
routines which could reduce ART adherence.

Surveys
Between March 2018 and August 2019, participants in

the MEMS cohort completed a baseline survey on enrollment
in the BEST study. The MEMS cohort also completed
surveys at 6 months and 12 months after the start of the
BEST study. We use the month 12 survey to assess changes
in food security after the lockdown. Starting June 12, 2020,
the team implementing the BEST study conducted phone
surveys designed to understand clients’ perceptions about the
pandemic and how it affects their HIV care and adherence
behavior. The survey collected quantitative data, which we
report on in this article, and qualitative data, which has been
reported elsewhere.12 The team called all 324 study partici-
pants and was able to implement the survey for 314
participants (10 clients could not be reached). During the
call, the team also informed participants that the BEST study
would continue after the lockdown ended and reminded them
to continue using their MEMS caps.
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Statistical Analysis
We analyzed ART adherence (percent of doses taken),

client days without personal ART supply, number of clinic
visits per month, and share of clients showing viral suppres-
sion from May 2018 to September 2020. We used linear
regression models to compare these outcomes before the
national lockdown and after the start of national lockdown. In
addition, we used interrupted time series models to adjust for
prelockdown trends in outcomes.26 We analyzed adherence
and ART supply data at the client day level and viral
suppression at the viral load test result level. We clustered
standard errors by client using Huber–White cluster-robust
standard errors to account for autocorrelation over time within
client.27 We also conducted sensitivity analyses using mixed-
effects models with random intercepts for each client (see
Appendix Tables S3 and S5, Supplemental Digital Content,
http://links.lww.com/QAI/B728). We do not have postlock-
down MEMS cap readings for all study participants, which
could introduce selection bias if the probability of coming to
the clinic after the lockdown started is correlated with
adherence. To address this, we split our MEMS cohort into
different cohorts based on when the most recent MEMS cap
data download occurred: (1) full sample (n = 324), (2) MEMS
cap reading in June 2020 or later (n = 310), and (3) MEMS
cap reading in September 2020 or later (n = 293). Options (2)
and (3) have better internal validity because the same sample
is used before and after the lockdown starts. We conducted
our analysis separately for these 3 cohorts to assess whether
changes in cohort composition over time affect our estimates.
We conducted all analyses using Stata/SE 15.

Role of the Funding Source
The funder of the study had no role in study design,

data collection, analysis, and interpretation or writing of the
article. The corresponding author had full access to all the
data in the study and had final responsibility for the decision
to submit for publication.

RESULTS
Table 1 shows demographics of the full Mildmay

cohort and the MEMS cohort. The full Mildmay cohort was

39 years old on average, 34% male, had been taking ART for
an average of 7.3 years, and 87.5% were virally suppressed in
their most recent viral load test before the lockdown. The
MEMS cohort was older (average aged 41 years), had been
on ART for nearly 3 years longer on average than the full
Mildmay cohort (9.8 years), and had a slightly lower
proportion with a suppressed viral load. Table S1, Supple-
mental Digital Content, http://links.lww.com/QAI/B728,
shows more detailed summary statistics about the MEMS
cohort using data collected from the BEST study
baseline survey.

Figure S1, Supplemental Digital Content, http://links.
lww.com/QAI/B728, shows the number of recorded visits at
Mildmay (that typically coincide with drug refills) in each
month. In April 2018, there were 6054 client visits, and in
April 2019, there were 7093. There was a stark drop in April
2020 after the onset of the lockdown, with only 3837 clients
visiting the clinic (only 54% of total visits in April 2019). In
May 2020, total visits were 45% of what they were in May
2019. Visits rebounded in June 2020 after the lockdown was
partially lifted but remained substantially lower in July and
August relative to previous years.

Figure 1 shows the share of days with personal ART
supply for the full Mildmay cohort and our MEMS cohort in
each month from May 2018 to September 2020. Mildmay
clients would have run out of medication on about 5% of days
(1.5 days) per month on average before the lockdown if they
took all doses as prescribed. By June 2020, clients would
have had no ART on 26% of days (7.8 days) on average. By
September 2020 when the lockdown had been mostly lifted,
the share of days without personal ART supply still remained
higher than the prelockdown period at 14% of days (4.2
days). This suggests that clients were less likely to refill their
medication on time after the start of the lockdown and
continued to forgo refills for several months after the
lockdown was mostly lifted. Results are similar but slightly
less pronounced for the MEMS cohort (Fig. 1, dashed line).

Regression results in Table 2 show that the risk of
having no personal ART supply on a given day increased by
0.21 by June 2020 compared with a prelockdown average of
0.05 [Relative Risk Ratio (RRR) of 5.29, 95% confidence
interval (CI): 5.16 to 5.42] and remained 0.089 higher by
September 2020 (RRR of 2.82; 95% CI: 2.72 to 2.92). After
adjusting for the pre-existing trend (column 2 of Table 2), the
risk of no personal ART supply was 0.20 higher in June
(RRR of 5.11, 95% CI: 4.99 to 5.24) and 0.078 higher in
September (RRR of 2.60; 95% CI: 2.52 to 2.70) compared
with the prelockdown average. Results are similar when we
use a mixed-effects model (see Appendix Table S3, Supple-
mental Digital Content, http://links.lww.com/QAI/B728) and
when we restrict to clients with a visit after our study period
ended (ie, clients who we are certain did not leave the clinic;
see Table S4, Supplemental Digital Content, http://links.lww.
com/QAI/B728).

Before March 2020, monthly adherence for our MEMS
cohort was consistently around 80%, with a slight decline
over time (Fig. 1). There was no change in adherence after the
lockdown started or at any point during the pandemic. The
effect of the lockdown on adherence looks similar when we

TABLE 1. Demographic and Clinical Characteristics of Full
Mildmay Cohort and MEMS Cohort as of June 2019

Full Mildmay Cohort MEMS Cohort

N 14,308 324

Age (yr) 38.7 (0.116) 41.1 (0.717)

Male (%) 34.8 (0.398) 36.4 (2.670)

Years at Mildmay 8.1 (0.042) 11.0 (0.212)

Years on ART 7.4 (0.038) 9.9 (0.198)

Viral load (copies/mL) 4821 (1019) 1850 (765)

Undetectable viral load (%) 87.5 (0.276) 86.7 (1.880)

Data are from electronic health records as of June 2019. Viral load measures are
based on the most recent viral load test. Standard errors in parentheses.

N, number.
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restrict to those with a reading in June 2020 or later and
September 2020 or later (see Figure S2, Supplemental Digital
Content, http://links.lww.com/QAI/B728). Column 5 of
Table 2 shows that MEMS cap measured adherence was
not significantly different in any month after March 2020
compared with the prelockdown average. After adjusting for
pre-existing trends, adherence was slightly higher in the
postlockdown months and significantly higher in August
2020. Although there was no decrease in adherence after the
lockdown, the MEMS cohort demonstrated a similar increase
in the risk of running out of personal ART supply as the
overall clinic population (columns 3 and 4 of Table 2).

We find that pill-taking routines may have been
disrupted by the pandemic. Before the pandemic, participants
were taking 68.9% of their daily pills consistently within a 2-
hour time window, but this percentage was declining by
roughly 0.3 percentage points per week of the pandemic. The
government lockdown in April 2020 did not significantly affect
the consistency of daily pill-taking timing, but the timing of pill
taking became significantly less consistent during the later
months of the pandemic (see Table S6, Supplemental Digital
Content, http://links.lww.com/QAI/B728).

We do not find a reduction in viral suppression. Figure 2
plots the share of clients with a suppressed viral load in each
month (of all clients who had a viral load test that month) for the
full Mildmay cohort, and Table 3 shows regression results
estimating the change in viral suppression after the start of the
lockdown. Nearly 90% of clients had a suppressed viral load in
each month, and this number went up slightly after the
lockdown. Regression results show a modest but statistically
significant increase in viral suppression after March 2020;
between a 1.8 and 5.7 percentage point increase depending on
the month. Although fewer clients had viral load tests during the
lockdown (average of 325 in April and May 2020), the months
after the lockdown eased had more viral load tests conducted

than the average in the months before the lockdown (average of
1323 in June to September 2020 compared with an average of
1285 between May 2018 and March 2020). The risk of running
out of ART before the lockdown was similar for clients with a
viral load test after the lockdown (6.2% of client days) compared
with those with no postlockdown viral load test (6.9% of client
days). Results were similar when we restrict only to clients with
a test both before and after the start of the lockdown (columns 3
and 4 of Table 3) and Table S2, Supplemental Digital Content,
http://links.lww.com/QAI/B728, shows that these groups had
similar characteristics.

Table 4 shows results from our phone survey. 41.8% of
clients reported that the pandemic affects their ability to come
to the clinic, but only 9.3% indicated they did not have
enough ART at some point during the lockdown. Only 11.2%
of respondents said that the pandemic decreases their ability
to adhere to their medication, and only 8.3% reported worse
adherence during the lockdown. Larger fractions of respon-
dents reported an increased ability to adhere (12.5%) and
better adherence (30.0%) during the lockdown. Finally,
23.9% of respondents reported high levels of food insecurity
as measured by an adapted version of the Food Insecurity
Experience Scale.28 This is a 19% increase in food insecurity
levels compared with the month 12 survey which was
conducted as part of the BEST study before the lockdown.
Similarly, during the lockdown, 12.1% of respondents
reported having missed a dose of ART in the past month
because they did not have enough food compared with only
4.4% in the month 12 survey before the lockdown.

DISCUSSION
This study documents substantial disruptions in clinic

attendance and personal ART supply after the COVID-
19–induced lockdown in Uganda. This is despite the fact

FIGURE 1. ART adherence and days
without personal ART supply over time.
Numbers above the adherence line rep-
resent sample sizes for each month for
the MEMS cohort. % of days without
ART reflects the share of client days in a
given month where ART supply was 0.
This measure is based on pharmacy refill
records and assumes clients took their
pills as prescribed. The full Mildmay
cohort includes all clients with at least 2
ART prescriptions between July 2019 and
March 2020. The MEMS cohort is the
subset for which we have MEMS cap
data. Although the “lockdown” in Kam-
pala was eased in June 2020, several
restrictions were still in place by Sep-
tember 2020.
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that Mildmay remained open for drug refills during the
lockdown, had sufficient ART supply to fulfill all prescrip-
tions, and allowed patients to get their refills from other
clinics and community distribution points. Personal ART
supply took several months to rebound after the lockdown
was lifted and remained lower through the end of the obser-
vation period (September 2020). However, among the sub-
sample with MEMS caps, we do not observe a substantive
change in electronically measured adherence and we find an
increase in self-reported adherence after the lockdown.
Although we cannot exclude the possibility that this sub-
sample behaved differently either because they were part of a
study or because they had different demographic and clinical
characteristics at baseline, but regardless, this suggests that
some Mildmay clients had sufficient ART supply stockpiled
to keep adhering for several months without needing to visit
the clinic. As a result, most clients who received a viral load
test after the lockdown started were able to maintain viral
suppression and we do not observe a reduction in suppres-
sion. These results highlight the challenges PLWH face in
accessing HIV care during a pandemic but call into question
the notion that this will result in PLWH not adhering to their
medication.3,4,8,15 However, the longer the pandemic and
accompanying restrictions continue, the less likely personal
stockpiles from previous prescriptions will work to maintain
sufficient ART drug supply. Additional strategies specifically
adapted to the pandemic may be required to assure sufficient
drug supply for PLWH.

Stockpiling of medication is likely to occur for several
reasons. First, people are scheduled for refills before their

previous prescription runs out, and the duration of the pre-
scription is not adjusted for this overlap. This means that the
stockpile of tablets grows with each new prescription. While we
account for this starting in May 2018, some clients had
stockpiles built up before May 2018 that could have carried
over to the lockdown period. Second, most people do not adhere
to all of their medication, which means they have extra tablets in
addition to the surplus from overlapping prescriptions. When we
adjust our ART supply measure with the assumption of 80%
adherence (rather than perfect adherence), we find that on
average people have enough supply to last for more than 2
months on any given day compared with only 1 month with the
assumption of perfect adherence. Moreover, there are very few
client days without ART after the lockdown when we assume
80% adherence (see Appendix Figure S4, Supplemental Digital
Content, http://links.lww.com/QAI/B728).

The subsample for which we measured adherence
electronically may not be representative of the Mildmay clinic
population, and it is possible this group’s adherence was less
affected by the lockdown than the general population. This
group was older and had been on ART for longer (Table 1) and
both of these factors are positively associated with
adherence.29–31 Moreover, this group was enrolled in a study
specifically focused on measuring ART adherence and had
fewer days without ART pill supply before the lockdown (Fig.
1). Thus, it remains unclear whether ART adherence of the
general Mildmay population was affected by the lockdown.

ART refills are not the only reason for visiting the
clinic, and barriers to access could cause harm without
affecting adherence. Clinic visits include monitoring of

TABLE 2. Change in Personal ART Stockouts and ART Adherence After the Start of the Lockdown (Regression Results)

Change in Risk of Personal ART Stockout
on a Given Day

(Full Mildmay Cohort)

Change in Risk of Personal ART
Stockout on a Given Day

(MEMS Cohort)
Change in % Adherence

(MEMS Cohort)

(1) (2) (3) (4) (5) (6)

Unadjusted
Interrupted
Time Series Unadjusted

Interrupted
Time Series Unadjusted

Interrupted
Time Series

Prelockdown trend (d) 2.27e-05*** (3.08e-06) 1.50e-05 (1.17e-05) 20.00418 (0.00309)

April 2020 0.0555*** (0.00203) 0.0484*** (0.00179) 0.0349*** (0.00970) 0.0300*** (0.00885) 1.032 (1.172) 2.278* (1.172)

May 2020 0.161*** (0.00294) 0.153*** (0.00280) 0.118*** (0.0167) 0.113*** (0.0158) 0.329 (1.238) 1.702 (1.267)

June 2020 0.209*** (0.00324) 0.201*** (0.00312) 0.170*** (0.0196) 0.164*** (0.0189) 20.927 (1.315) 0.573 (1.405)

July 2020 0.146*** (0.00293) 0.136*** (0.00277) 0.0896*** (0.0155) 0.0834*** (0.0146) 20.279 (1.195) 1.349 (1.383)

August 2020 0.105*** (0.00268) 0.0951*** (0.00245) 0.0691*** (0.0144) 0.0624*** (0.0131) 1.998 (1.244) 3.755** (1.494)

September 2020 0.0888*** (0.00253) 0.0783*** (0.00223) 0.0592*** (0.0131) 0.0521*** (0.0116) 0.824 (1.289) 2.709* (1.596)

Observations (client days) 11,550,530 11,550,530 271,836 271,836 230,498 230,498

R-squared 0.047 0.047 0.049 0.049 0.000 0.000

No. of clients 14,632 14,632 324 324 324 324

Average before lockdown 0.0487 0.0487 0.0170 0.0170 79.37 79.37

Data were analyzed at the client day level. Columns (1) and (2) include all clients with at least 2 ART prescriptions between July 2019 and March 2020. Columns (3)–(6) include
the sample for which we had MEMS cap adherence data. The stockout variable is set to 1 if the client did not have ART on a given day based on pharmacy refill records and assumes
they took their pills as prescribed. Coefficients in columns (1) through (4) can be interpreted as the change in the risk of running out of ART on a given day in each month compared
with before the pandemic (if pills were taken as prescribed). Adherence is the % of prescribed doses taken on a given day based on MEMS cap openings. Adherence coefficients in
columns (5) and (6) can be interpreted as the percentage point change in ART adherence in each month compared with before the pandemic. Coefficients in columns (2), (4), and (6)
adjust for the prelockdown trend in the outcome. The government-mandated lockdown started on March 25 and ended on June 2, 2020. There are more client day observations in
columns (3) and (4) than in columns (5) and (6) because we have up-to-date pharmaceutical records for all 324 clients, but we are missing MEMS cap data for some clients in later
months. See Figure 1 for sample sizes with adherence data in each month. Standard errors, which are clustered by individual, are in parentheses.

***P , 0.01, **P , 0.05, *P , 0.1.

Impact of the COVID-19 PandemicJ Acquir Immune Defic Syndr � Volume 88, Number 5, December 15, 2021

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. www.jaids.com | 453

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/QAI/B728


comorbidities, laboratory tests, support services such as
adherence counseling and depression care, and monitoring
of ART resistance. Thus, although we do not find that the
pandemic substantively affected adherence (at least in our
subsample provided with electronic pill caps) or viral
suppression, it is possible that there were other harmful
effects that are beyond the scope of this article, such as failure
to detect opportunistic infections, failure to identify the need
for a regimen change, failure to identify viral rebound, and
generally missing opportunity to monitor health status.

One concerning finding from this study is increased
levels of food insecurity compared with the BEST study survey

conducted before the start of the pandemic. Previous work
suggests that food availability is one the most important factors
for adhering to ART regimens because most ART medications
should be consumed with food to avoid side effects.13,32 Some
other recent work from Africa found an increase in food
insecurity during the pandemic.33,34 If food insecurity con-
tinues to increase, this could deter some people from taking
their medication or result in other adherence barriers.

We also find that the pandemic has begun to disrupt
pre-existing pill-taking routines (eg, always taking medication
right after coming home from work), which raises additional
concerns about the future rates of meditation adherence. Both

FIGURE 2. Share of clients with sup-
pressed viral load by month. Data are
from all viral load tests conducted for the
full Mildmay cohort from May 2018 to
September 2020 (36,356 tests for
14,632 unique clients). The full Mildmay
cohort includes all clients with an ART
prescription between July 2019 and
March 2020. This figure plots the share
of viral load tests in each month that
recorded a suppressed viral load (,200
copies/mL). We are not sure why there is
a dip in September 2019, but this could
be because one of the viral load
machines was down and the remaining
machine could have had higher sensi-
tivity. Although the “lockdown” in
Kampala was eased in June 2020, several
restrictions were still in place by Sep-
tember 2020.

TABLE 3. Change in Share of Viral Load Tests That Show Viral Suppression After the Start of the Lockdown (Regression Results)

Full Mildmay Cohort
Mildmay Cohort With a Viral Load Measure Before and After the Start of

the Lockdown

(1) (2) (3) (4)

Unadjusted Interrupted Time Series Unadjusted Interrupted Time Series

Prelockdown trend (d) 0.00106 (0.000844) 20.0113*** (0.00165)

April 2020 5.683*** (1.190) 5.307*** (1.232) 7.198*** (1.236) 11.75*** (1.450)

May 2020 4.616*** (1.142) 4.207*** (1.190) 6.770*** (1.159) 11.68*** (1.403)

June 2020 3.172*** (0.820) 2.731*** (0.888) 4.970*** (0.858) 10.22*** (1.185)

July 2020 1.755** (0.759) 1.281 (0.837) 3.003*** (0.806) 8.597*** (1.155)

August 2020 1.798*** (0.688) 1.292* (0.785) 3.177*** (0.725) 9.114*** (1.142)

September 2020 3.639*** (0.610) 3.101*** (0.732) 5.267*** (0.647) 11.55*** (1.143)

Observations (number of tests) 34,438 34,438 16,552 16,552

R-squared 0.002 0.002 0.006 0.009

No. of clients 14,199 14,199 5575 5575

Average before lockdown 90.37 90.37 89.06 89.06

Data were analyzed at the viral load test level. Columns (1) and (2) include all clients with a viral load test at Mildmay clinic as of May 2018. Columns (3) and (4) include only
clients with at least 1 test before the lockdown on March 25, 2020, and 1 test after the lockdown. Viral suppression is set to 1 if viral load measure was,200 copies/mL. Coefficients in
columns (2) and (4) adjust for the prelockdown trend in the viral suppression. The government-mandated lockdown started on March 25 and ended on June 2, 2020. Standard errors,
which are clustered by individual, are in parentheses.

***P , 0.01, **P , 0.05, *P , 0.1.
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food insecurity and disruptions in daily routines are likely to
persist until the pandemic is under control, which suggests
that ART adherence may be negatively affected as the
pandemic drags on.

This study is the first we are aware of to examine
electronically measured ART adherence data and HIV clinic
records during the COVID-19 pandemic. However, in
addition to the limitations mentioned above, this work should
be interpreted in light of several other limitations. First, we do
not know the extent to which study participants continued to
use their MEMS caps after the lockdown started. At least 1
participant reported not putting the MEMS cap on a pill bottle
that was refilled from an external clinic. External refills were
rare, however, and results are similar when we exclude
participants who reported external refills (see Appendix
Figure S3, Supplemental Digital Content, http://links.lww.
com/QAI/B728). Second, there may be selection bias in who
received viral load tests after the lockdown. If healthier clients
were more likely to come into the clinic after March, this
could make viral suppression seem more common than it was
in actuality. Third, we were unable to ask clients directly
about stockpiling, which would have added validity to our
theory for why the MEMS cohort was able to adhere without
visiting the clinic. Fourth, we only have complete adherence
data for a subset of the sample who visited the clinic after
September 2020. Finally, as in any observational study, we do
not have a control group to accurately benchmark what
outcomes would look like in the absence of the pandemic.

This study documents reduced access to HIV care after
the onset of the COVID-19 pandemic in Uganda. The EHR

data show that the lockdown reduced access to vital ART
medication. Although this does not seem to have affected
electronically measured ART adherence for a small sub-
sample, the pandemic does not have a clear end in sight in
low-income and middle-income countries, and the well-being
of PLWH around the world should continue to be monitored.
Policy makers and health care providers must come up with
creative ways to continue providing essential HIV care to
avoid disease progression, increased transmission, and
unnecessary mortality.
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