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Abstract

Objectives: Abacavir’s potential to cause cardiovascular disease (CVD) among people living
with HIV (PLWH) is debated. We conduct a systematic review and meta-analyses to assess CVD
risk from recent and cumulative abacavir exposure.

Methods: We searched Medline, Embase, Web of Science, abstracts from Conference on
Retroviruses and Opportunistic Infections, and International AIDS Society/AIDS Conferences and
bibliographies of review articles to identify research studies published through 2018 on CVD risk
associated with abacavir exposure among PLWH. Studies assessing risk of CVD associated with
recent (exposure within last 6 months) or cumulative abacavir exposure across all age-groups were
eligible. Risks were quantified using fixed- and random-effects models.

Results: Of 378 unique citations, 68 full-text research articles and abstracts were reviewed.
Seventeen studies assessed risk of CVD from recent or cumulative abacavir exposure. Summary
relative risk (SRR) is increased for recent exposure (/=16 studies, SRR=1.61; 95% confidence
interval: 1.48-1.75), higher in antiretroviral-therapy-naive population (/7=5, 1.91; 1.48-2.46) and
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all studies reported RR> 1. The sRR for recent exposure was similarly increased for the outcome
of acute myocardial infarction, and for studies that adjusted for substance abuse, smoking, prior
CVD, traditional CVD risk factors, and CD4 cell-count/HIV viral load. The sRR was increased for
cumulative abacavir exposure (per year) (=4, 1.12; 1.05-1.20) but no increase was seen after
adjusting for recent exposure (/7=5, 1.00; 0.93-1.08).

Conclusions: Our findings suggest an increased risk of CVD from recent abacavir exposure.
The risk remained elevated after adjusting for potential confounders. Further investigations are
needed to understand CVD risk from cumulative exposure.
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1. Introduction

In 2008, the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study groups
first reported that abacavir use is associated with an increased risk of acute myocardial
infarction (AMI) among people living with HIV (PLWH) [1]. Subsequent studies conducted
to investigate this risk have yielded conflicting results [2-10]. Although most recent studies
have shown an increased risk of cardiovascular disease (CVVD) associated with use of
abacavir, many of the results did not reach statistical significance [3,11-14]. The studies that
assessed the risk of CVD associated with exposure to abacavir were mostly observational,
and there is a possibility that the study results are confounded and biased. For instance,
PLWH may be preferentially prescribed abacavir or tenofovir based on the presence or
absence of risk factors for CVD (i.e. hypertension, diabetes mellitus, renal dysfunction,
dyslipidemia, and lipodystrophy), their cardiovascular safety profile, and the safety profile of
companion antiretroviral (ARV) agents used. The results of epidemiologic studies also
differed based on whether the study populations were antiretroviral therapy (ART) -naive or
experienced, and using injection drugs. A previously conducted meta-analysis reported an
increased risk of CVD exposure by pooling results across two studies and no conclusion was
made on CVD risk from cumulative abacavir exposure due to inadequacy of studies [15].
Eight studies investigating the risk of CVD associated with exposure to abacavir have been
published since that meta-analysis [10-14,16-18], one of which assessed the risk from
specific abacavir-based ARV drug combinations. Therefore, we performed an updated
systematic review and meta-analysis to summarize the relationship between recent
(including current exposure) and cumulative exposure to abacavir or abacavir-based drug
combinations and the risk of CVD among HIV-infected individuals. We also discuss the
plausible biological mechanisms underlying the observed risk of CVD associated with
exposure to abacavir. Finally, we address the biases potentially affecting the study results,
the methodological challenges and inconsistencies we observed with regard to study design
and analysis, and interpretation of these results.

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dorjee et al. Page 3

2. Methods

2.1. Literature Search

Two authors (K.D. and T.C.) independently searched Medline, Embase, Web of Science,
abstract books from the 2014-2018 Conference on Retroviruses and Opportunistic
Infections (CROI) and 2014-2017 International AIDS Society (IAS) Conference and
International AIDS Conference, and the bibliographies of five published reviews [15,19-22]
to identify studies published through May 2018 that investigated the risk of CVD associated
with exposure to abacavir. We used the keywords, ‘abacavir’, ‘cardiovascular disease’,
‘myocardial infarction’, and ‘heart disease’ for the search. PRISMA guidelines were
followed in conducting the review.

2.2. Study Selection

We included randomized controlled trials (RCTs), and cohort and case-control studies,
published in peer-reviewed journals or presented in conference proceedings that assessed
abacavir exposure, either as an individual agent or in specific ARV drug combinations, and
provided an estimate of a relative risk and variance. Outcome was defined as a new episode
of CVD after the start of exposure. We required CVD to be defined as an ischemia-driven
cardiac event/procedure such as AMI, angina pectoris, percutaneous coronary intervention
or coronary artery bypass grafting. We included studies across all age-groups that assessed
ischemic stroke as a component of the CVD definition, but excluded results that assessed
only stroke as an outcome. We included conference abstracts if the data were unique (i.e. not
included in the research articles chosen for the meta-analysis). We excluded from the meta-
analysis studies that (1) assessed a class of ARV agents but did not specify abacavir as the
exposure, (2) assessed possible risk factors for CVD including biomarkers as outcome but
did not measure CVD, or (3) that reported only crude estimates and did not adjust for basic
confounders, such as age. Two authors (K.D. and T.C.) independently evaluated each study
and abstracted relative risk estimates. Discrepancies were resolved through open
deliberation.

2.3. Data abstraction and definitions

We reviewed each study in detail and categorized them based on the type of exposure,
outcome, study design, study population, data year, comparator ARV agent/group used, and
adjustment for potential causal mediators and specific covariates. We performed meta-
analyses of the results for the risk of CVD associated with (1) recent exposure to abacavir,
defined as exposure within the last 6 months, including current exposure, and (2) cumulative
exposure, defined as the accumulated sum of the total duration of exposure at pre-specified
time points. CVD risk from cumulative abacavir exposure was calculated separately for
models that did and did not adjust for recent exposure. We performed pertinent sub-group
analyses for the risk of CVD from recent exposure. For studies that reported multiple risk
estimates using marginal structural models and traditional models, we chose the marginal
structural model estimates because of its potential to address channeling bias and difference
in the exposure groups [23]. In a sensitivity analysis, we assessed the risk of C\VVD associated
with recent exposure by excluding the 2008 D:A:D study that initiated the other studies.
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2.4, Statistical analysis and evaluation of bias

We have calculated and reported summary estimates from both fixed- and random-effects
models [24]. We assessed heterogeneity across studies using Cochran’s Q-test (X2 £<0.10)
[25] and # statistics (22 >30%) [26]. Some believe that the random-effects model is more
conservative than the fixed-effects model because it accounts for variance between studies.
However, unlike the fixed- effects model, the random-effects model does not weight studies
directly on precision; it assigns smaller, less precise studies greater relative weight than does
the fixed-effect model. Fixed-effects model weight studies directly on precision while still
incorporating between-study variance. Therefore, we used the fixed-effects model to
calculate the sRRs and then adjusted their 95% confidence intervals (Cls) for between-study
heterogeneity using the method described by Shore et al. [27]. Random effects model may
also be used in the event of heterogeneity [28]. The calculations were performed in
Microsoft Office Excel 2016 (Microsoft corporation, Redmond, WA, USA). The P-values
are two-sided. We analysed publication bias using funnel plots and Begg’s and Egger’s test.
Quality of each cohort and case-control study was assessed using the Newcastle-Ottawa
assessment scales and each RCT using the PRISMA guidelines.

3. Results

3.1.

We identified 377 unique articles/abstracts from the searches of Medline, Embase, Web of
Science, and abstract books of 2014-2018 CROI, and 2014-2017 1AS/AIDS conferences.
Of these, we reviewed the full texts of 65 research articles (Fig. 1). Seventeen studies
meeting our inclusion criteria were used for the meta-analysis. Six studies assessed the risk
associated with cumulative exposure to abacavir. There were 13 cohort studies, three case-
control studies, and one RCT. Table 1 summarizes these studies.

Recent exposure

All 16 studies that met our inclusion criteria for recent exposure showed an increased risk of
CVD from recent exposure to abacavir; 13 were statistically significant (Fig. 2). We
obtained an sRR (95% CI) of 1.61 (1.48, 1.75) for recent exposure (Table 2). We excluded
the study by Bedimo et al. [2] in the above analysis because the estimate adjusted only for
chronic kidney disease and not for any other variable including age and gender. In a
sensitivity analysis, the risk continued to be elevated (SRR: 1.56; 95% Cl; 1.40, 1.74) when
Bedimo et al.’s study was included in the meta-analysis (Table 2). In addition to reporting
risk of CVD from abacavir as an individual antiretroviral agent, Desai et al. obtained the
following results (hazard ratio (HR) (95% CI)) for CVD risk from exposure to abacavir-
based ARV drug combinations: abacavir + atazanavir + lamivudine: 2.08 (1.41-3.06);
abacavir + efavirenz + lamivudine: 1.94 (1.34-2.79); abacavir + lamivudine + zidovudine:
1.60 (1.21-2.11); abacavir + lamivudine + lopinavir: 1.44 (0.91-2.28); and abacavir +
lamivudine + nevirapine: 1.49 (0.81-2.73) [11]. We have not included the above results of
Desai et al. into our analyses because each of the abacavir-based combinations represents a
unique exposure, and it would be misleading to pool the study results of specific abacavir-
based drug combinations with studies that assessed abacavir’s risk as an individual agent.
Table 2 lists the results of our group and sub-group analyses for recent and cumulative
exposure to abacavir. The summary estimate for risk of CVD associated with recent abacavir
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exposure remained elevated for ART-naive populations (/=5 studies) (SRR: 1.91; 95% ClI:
1.48, 2.46) and for studies conducted in the pre-2008 (/7=8; sRR:1.77; 95% Cl: 1.51, 2.07)
and post-2008 periods (7=2; sRR: 1.53; 95% Cl: 1.14, 2.06) (Fig. 4). Meta-analysis of two
studies that used tenofovir as the comparator ARV agent showed a greater risk of CVD in
the abacavir groups (sRR: 2.94; 95% ClI: 0.88, 9.76) as compared to the result for all studies,
but the SRR was not statistically significant (Fig. 4). The results for recent exposure in
subgroup analyses based on outcome, study design, adjustment for causal intermediates, and
adjustment of other specific covariates including substance abuse/HIV acquisition through
injection drug use are similar to the result for all studies (Table 2, Fig. 3). In a sensitivity
analysis for recent exposure, the risk remained elevated after excluding the 2008 D:A:D
study (HR: 1.58; 95% CI: 1.45, 1.72). Egger’s (P=0.648) and Begg’s (P=0.153) tests for
publication bias were not statistically significant (funnel plot in Fig. 5). The Newcastle-
Ottawa scores (highest possible score=9) for qualitative bias analyses for cohort and case-
control studies ranged from 6 to 9, with a median score of 9 (Supplementary Tables S1, S2).

3.2. Cumulative exposure

Results for CVD risk from cumulative abacavir exposure have varied across studies based on
whether the model was adjusted for recent exposure. We obtained an increased sRR (95%
Cl) of CVD of 1.12 (1.05, 1.20) from cumulative abacavir exposure (per year) for studies
that did not adjust for recent exposure and no increased risk (SRR: 1.00; 95% CI: 0.93, 1.08)
for studies that adjusted for recent exposure (Fig. 6). The D:A:D study groups reported an
increased risk (RR: 1.14; 95% CI: 1.08, 1.21) of AMI in the cumulative exposure only model
but the risk normalized after adjusting for recent exposure [1]. However, Dorjee et al.
recently reported that the risk of CVVD from abacavir exposure followed a dose-response
pattern, with the risk peaking between 13 and 24 months and leveling off thereafter, after
adjusting for recent exposure [10]. Earlier, Young et al. had also reported an increased risk
of AMI (HR: 1.22; 95% CI: 0.98, 1.52) beyond 6 months from a cumulative exposure for up
to 36 months after adjusting for recent exposure [16]. Findings by Dorjee et al. and Young et
al. highlight the importance of continued investigation into the risk of CVD from a
cumulative abacavir exposure beyond 6 months, despite a pooled estimate showing no risk
for CVD after adjusting for recent exposure.

4. Discussion

We calculated a 61% increased pooled risk of CVD among PLWH who were recently
exposed to abacavir. A higher summary estimate calculated for ART-naive PLWH or
individuals observed to initiate ART (SRR: 1.91), that was not affected by confounding by
prior ART use, may more closely estimate the causal effect from exposure to abacavir.
Earlier, Bavinger et al. had also reported an increased CVD risk (HR: 1.92; 95% CI: 1.50,
2.42) from recent abacavir exposure by pooling results across two studies; however, fewer
studies were available for them to review as part of that meta-analysis. [15] Two studies had
reported results using patient data post-March 2008 when the D:A:D study associating
abacavir with AMI was first published; both the studies observed increased risk with a SRR
of 1.53. This may refute the argument that CVD risk from abacavir exposure could be due to
a channeling bias wherein PLWH having renal dysfunction, a risk factor for CVD, may have
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been preferentially prescribed abacavir as compared to tenofovir, a phenomenon described
as confounding by indication, which we have further discussed below. The prescription of
abacavir declined after March 2008, especially among individuals with moderate to severe
risk factors for CVD [13,18,29], leading to the possibility of a reverse channeling bias.

Desai et al. [11] have reported increased risk of CVD associated with three specific abacavir
based ARV drug combinations: abacavir + lamivudine + atazanavir, abacavir + lamivudine +
efavirenz, and abacavir + lamivudine + zidovudine. They observed different CVD risk
estimates for specific drug combinations as compared to the risk calculated for the drugs
individually, suggesting interaction between the drugs. While it is important to understand
CVD risk from ARV drug combinations, especially as ARTs are prescribed in combinations,
all the above three abacavir-based combinations contained lamivudine. Therefore, teasing
apart the individual drug effects is necessary.

We noted that the results across studies for cumulative exposure to abacavir were
inconsistent in terms of magnitude and direction of association. There is ongoing
controversy regarding whether the CVD risk from abacavir is limited to individuals who
were recently exposed in the previous 6 months and studies have reported results for
cumulative exposure by including and not including a recent exposure variable in the
estimating model. As such, we conducted meta-analyses for cumulative exposure risk
separately for models that did and did not adjust for recent exposure. In our pooled analysis,
we observed no increased risk of CVD associated with cumulative exposure after adjusting
for recent exposure, i.e. no increased risk in PLWH exposed to abacavir prior to 6 months
ago and not recently exposed. However, we note that recent studies by Dorjee et al. and
Young et al. found an increased risk of CVD from a cumulative abacavir exposure beyond
the last 6 months in an inverted U-shaped dose-response pattern after adjusting for recent
exposure [10,16]. Dorjee et al. reported that CVD risk peaked between 13 and 24 months of
exposure and leveled off thereafter. Such results could suggest a reversible but more gradual
underlying mechanism with a longer lasting effect that regresses slowly after removal of the
exposure rather than an acute underlying mechanism [10]. We note here, as was previously
explained, that when a model contains both cumulative exposure and recent exposure, the
parameter for cumulative exposure captures the risk only among the exposed group [15].
Additional studies are needed to better understand this relationship.

Three meta-analyses with significant overlap in the data they included, have assessed the
risk of CVD using RCT data and all showed no increase in risk of CVD associated with
abacavir exposure [9,30,31]. However, these studies were of limited duration, lacking in
generalizability because of healthier study populations, and had low power, owing to their
primary objective being to assess the efficacies of various ARV drugs, instead of measuring
CVD as an outcome. Therefore, we did not include the results from these trial data in our
meta-analyses. An RCT conducted by Martin et al. (STEAL trial) assessed the risk of CVD
as a study outcome and reported an increased risk of CVD in the abacavir group [32].
However, it was a small RCT and lacked adequate discriminatory power to detect a
difference in effects [18]. Therefore, we conducted a subgroup analysis of only the
observational studies excluding the study by Martin et al.; the summary estimate did not
change. Lang et al., in a case-control study using a French hospital database, reported a
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significantly increased risk of AMI (HR: 1.62, 95% CI: 0.93, 2.81) associated with exposure
to abacavir; however, they did not see the effect when the study population was restricted to
those not using cocaine or injection drugs (HR: 1.27, 95% CI: 0.64, 2.49) [6]. This finding
by Lang et al. was not re-produced in other studies, which continued to show an increased
risk of CVD in association with abacavir exposure after adjusting for substance use
[4,5,10,16,17]. A recent study conducted in the NA-ACCORD cohort by Elion et al. with
robust ascertainment and adjudication of outcomes has also shown an increased risk of Type
I (adjusted hazard ratio (aHR): 1.62) and Type Il AMI (aHR: 2.11) associated with abacavir
exposure. The risk persisted even after adjusting for injection drug use warranting screening
for not just traditional CVD risk factors associated with Type | M, but also for risk factors
of type Il AMI such as sepsis and illicit substance use including cocaine [17]. In our meta-
analysis, the summary risk pooled from studies that adjusted for substance abuse as a
confounder (/7=12) remained elevated (SRR: 1.64). Elion et al. observed a statistically
significant association between AMI and CD4 cell-count <200 cells/mm3 whereas the 2008
D:A:D study found that CD4 cell-count did not influence the association between abacavir
use and AMI risk. In our analysis, the summary estimate for CVD risk did not significantly
change in the sub-group of studies that adjusted for CD4 cell-count.

In 2011, Bedimo et al. argued that the 2008 D:A:D study results linking abacavir exposure to
AMI could be due to a channeling bias, whereby individuals having renal dysfunction were
preferentially put on abacavir to avoid additional nephrotoxicity from tenofovir. In a study in
a US Veteran population, they reported that renal dysfunction is a significant risk factor for
AMI (HR: 3.85; 95% ClI: 2.74, 5.42) and that the HR for AMI associated with current
exposure to abacavir decreased from 0.73 (P=0.013) to 0.67 (P = 0.07) after adjusting for
renal dysfunction [2]. We note that this is only a slight decrease in risk and, moreover, the
model adjusted for only renal dysfunction as a covariate. The result may be less vulnerable
to confounding if the model had been adjusted for additional covariates including age and
gender, which are two of several important risk factors for CVD. Subsequently, the D:A:D
study groups showed through separate pre- and post-March 2008 analyses that the risk of
CVD continued to remain elevated (HR: 1.98; 95% CI. 1.72-2.29) after adjusting for
pertinent covariates, including chronic kidney disease (CKD) [18,29]. They demonstrated
that individuals at moderate and high risk for CVD were, in fact, channeled away from
abacavir use after 2008. Other studies, including two studies in the veteran population
[4,11], have confirmed elevated risk of CVD associated with abacavir use after adjusting for
renal dysfunction [4,5,7,10-12,16,32].

Although we observed variations across studies in terms of study designs, confounder
adjustment set of confounders, statistical methods, and populations, all 16 studies (100%)
that met our inclusion criteria for recent exposure reported RR>1, suggesting homogeneity
in the data. We explored whether a number of factors were related to heterogeneity,
including difference in study design (observational vs. interventional), outcomes assessed
(AMI only vs. all CVD), study populations (ART naive vs not), year of publication (pre- vs.
post-2008), comparison group (tenofovir vs. other), the extent of adjustment for potential
confounding, and other factors (Table 2). Analysis of all studies combined showed moderate
heterogeneity (12 value =44%, P-value for heterogeneity =0.03). However, when removing
the study by Bedimo [2], or when limiting studies to those that only assessed AMI (vs. all
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CVD combined), heterogeneity was markedly reduced (12 values of 0%). Heterogeneity was
more marked for results from cumulative abacavir exposure. In our analyses, we combined
odds ratios and rate ratios because the former approximate the latter for rare outcomes such
as AMI [33]. We combined rate ratio and hazard ratio because most studies had discrete time
data and the estimate from a logistic or a Poisson model for such data yielding ORs or RRs
is an approximation of a hazard ratio from a Cox model [34,35]. Additionally, we
thoroughly reviewed each study, and where we saw important differences between any two
studies in terms of definition of exposure, study population, covariates, and outcome, we
performed appropriate subgroup analyses and accordingly reported the results. Where
heterogeneity P-values (Table 2) were <0.20, we recommend using the Shore-adjusted
confidence interval for the estimate from the fixed-effects model or the estimates from the
random-effects model.

Plausible biological mechanisms

The D:A:D study result showing a reversal of risk of CVD within 6 months of
discontinuation of abacavir prompted investigators to search for a relatively rapidly acting
underlying biological mechanism for the risk of CVD associated with abacavir exposure.
While the SMART/INSIGHT study investigators, Kristoffersen et al. and Hileman et al.
[8,36,37], showed evidence for a possible role of inflammatory biomarkers (e.g. increased
levels of high sensitivity c-reactive protein (hsCRP) and interleukin-6 (IL-6)) in association
with CVD among abacavir users, several other studies showed that levels of biomarkers such
as hsCRP, IL-6, selectin P and E, D-dimer, vascular adhesion molecule-1, intercellular
adhesion molecule-1, and tumor necrosis factor alpha are not elevated in the setting of
abacavir exposure [38-50].

Studies that evaluated abacavir’s role in causing endothelial dysfunction have also yielded
mixed results [46,51,52]. Endothelial dysfunction, induced by both traditional cardiovascular
risk factors and chronic inflammation [53], increases the risk of CVD by promoting
atherosclerosis [54]. Hsue et al. reported that abacavir use independently predicts lower
brachial artery flow mediated vasodilation, a measure of endothelial dysfunction [52]. Sinn
et al. observed lower arterial stiffness and improvement in Framingham risk score when
individuals on abacavir were switched to tenofovir [51]. However, in an RCT, Wohl et al.
found no evidence of endothelial dysfunction from abacavir use as compared to tenofovir
[46].

Baum et al., Satchell et al., and Falcinelli et al. showed that abacavir increases platelet
aggregation and reactivity, that could potentially lead to thrombosis and myocardial
infarction [55-57]. Satchell et al. demonstrated that among abacavir recipients, platelet
aggregation increased upon exposure to various platelet agonists, such as, adenosine
diphosphate (ADP), collagen, epinephrine, and thrombin receptor-activating peptide [57].
Baum et al. further showed that abacavir causes platelet hyper-reactivity by competitive
inhibition of a nitric oxide-induced soluble guanylyl cyclase via its active metabolite,
carbovir-triphosphate, leading to a decreased production of cyclic guanosine
monophosphate, an inhibitor of platelet aggregation and secretion [53,55]. Falcinelli et al.,
confirmed these findings in both in vivo and ex vivo settings [56]. In an RCT, switching
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from abacavir-lamivudine to tenofovir-emtricitabine resulted in decreased platelet reactivity
to thrombin receptor-activating peptide (TRAP), ADP, and collagen, suggesting that the
endothelial-platelet pathway may be a possible underlying mechanism for the AMI risk
associated with abacavir exposure [58].

A recent review has discussed in more detail the existing literature on plausible underlying
biological mechanisms [21]. The review summarizes that results from in vivo and in vitro
experiments and abacavir’s structural similarity to endogenous purines possessing pro-
inflammatory and pro-thrombotic potential may stand to support abacavir’s role as an
inducer of vascular inflammation via leucocyte-endothelia cell interactions with resultant
cardiovascular implications [21,59-61]. It is unclear how such mechanisms and
accompanying effects, which are acute and reversible, may reconcile with recent clinical
findings of CVD risk from cumulative exposure beyond 6 months [10,16]. With the
literature demonstrating that abacavir does not affect lipid profile, insulin sensitivity, limb fat
mass, or traditional cardiovascular risk factors [21,62,63], the search for plausible biological
underpinnings continues.

Recent exposure to abacavir is associated with ~60% increased risk of CVD that was not
attenuated after adjusting for substance use, renal dysfunction, and several other potential
confounders. The finding of an increased risk of CVD associated with abacavir use among
ART-naive individuals may be more suggestive of a causal relationship. We note that
because of the observational nature of most studies in our analysis, the study results may be
subject to confounding from unmeasured risk factors. While this risk appears to be
reversible upon discontinuation of abacavir, further research is necessary to confirm this in
view of recent studies that showed evidence of increased risk from cumulative exposure
beyond 6 months.

5. Conclusion

In view of the increased risk of CVD associated with exposure to abacavir among HIV-
infected individuals, risks and benefits for PLWH must be carefully weighed in prescribing
abacavir-based regimens taking into account existing risk factors for CVD, a detailed history
of prior exposure to ART, the patient’s clinical status, and the availability of other ARV
drugs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Abacavir, a nucleoside reverse transcriptase inhibitor, is a backbone antiretroviral drug
for people living with HIV (PLWH). Its prescription had declined after reports showed
that people receiving abacavir experience increased risk of acute myocardial infarction
(AMI). Most recent studies have shown that abacavir use is associated with an increased
risk of AML. However, it has been strongly argued that this observed risk is due to a
higher prevalence of risk factors for cardiovascular disease (CVD), such as renal
dysfunction and substance abuse, among abacavir recipients. There is ongoing confusion
about whether the risk of CVD is for exposure to abacavir within the recent time (~last 6
months) only or if there is cumulative risk beyond 6 months of exposure. Inability to
identify an underlying biological mechanism for such a risk has added to the dilemma.

Added value of this study

To our knowledge, this is the first systematic review and meta-analyses to investigate and
summarize all existing evidence to date on the CVD risk associated with recent and
cumulative abacavir exposure. We found an approximately 60% increased risk of CVD
from recent exposure to abacavir as compared to PLWH not receiving abacavir. We found
a higher summary risk among antiretroviral therapy naive PLWH who were recently
exposed to abacavir. The pooled risk remained significantly elevated after studies
adjusted for risk factors of CVD including renal dysfunction and substance abuse. The
risk remained similarly elevated when studies adjusted for smoking, prior CVD, CD4
cell-count, and HIV viral load. Summary risk for cumulative exposure to abacavir was
elevated for studies that did not adjust for recent exposure, but no increased cumulative
risk was seen when the studies adjusted for recent exposure. This may suggest a
reversible acute underlying biological mechanism. However, there are fewer studies that
have investigated the CVD risk from cumulative abacavir exposure and two recent studies
have argued with findings that risk of CVD from abacavir exposure may persist beyond 6
months of exposure.

Implications of all the available evidence

Risk and benefits should be weighed in prescribing abacavir-based antiretroviral
regimens to PLWH. Research is needed to identify a clear underlying biological
mechanism that corroborates the clinical evidence. The majority of evidence on CVD risk
from abacavir exposure to date is among PLWH in the high-income countries.
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Flow diagram showing the search strategy and algorithm for identification of studies. ART,
antiretroviral therapy; CVD, cardiovascular disease (See Refs. [64-72]).
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Fig. 2.

Pooled risk of cardiovascular disease and acute myocardial infarction from recent exposure

to abacavir.
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Risk of CVD From Recent abacavir exposure
(adjusted for substance abuse)

>

Relative Risk

Risk of CVD From Recent abacavir exposure
(adjusted for traditional CVD risk factors (table 2)

First Author, Year
(Reference No.)
D:AD Study , 2008 (1)
Choi, 2011 (4)

Obel, 2010 (7)

Young, 2015 (16)
Dorjee, 2017 (10)
Palella, 2015 (13)
Marcus, 2015 (12)

Martin, 2009 (32)
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190 (1.47, 2.45) 154
1.48 (1.08, 2.04) 99
2.00(1.10, 3.64) 28
1.63(1.14,2.32) 80
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Durand, 2011 (5) 172(1.10,2.71) 33
Lang, 2010 (6) 1.62(0.93,2.81) 22
Rotger, 2013 (14) 1.56(1.17,2.07) 83
D:AD, 2016 (18) 2.03 (1.45, 2.84) 6.1
Elion, 2018 (17) 1.84(1.17,2.91) 33
Overall (1=0%, P=0.46)  1.56(144,1.70)  100.0
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Risk of CVD From Recent abacavir exposure First Author, Year Relative Risk
(adjusted for smoking) (Reference No.) (95%C1)
o, D:AD Study, 2008 (1)  1.90 (1.47, 2.45)
. ] Choi, 2011 (4) 1.48(1.08,2.04)
—— Desai, 2015 (11) 1.34(1.13, 1.60)
———— Young, 2015 (16) 163(1.14,2.32)
- Dorjee, 2017 (10) 1.40(1.15, 1.69)
& ‘ Palella, 2015 (13) 1.34(0.95, 1.88)
I Lundgren, 2008 (8) 1.80(1.04, 3.11)
—,——— Marcus, 2015 (12) 2.20(1.40, 3.50)
R, Lang, 2010 (6) 1.62(0.93,2.81)
[ Sl Rotger, 2013 (14) 1.56 (117, 2.07)
————— D:AD, 2016 (18) 197 (1.43,2.72)
& Elion, 2018 (17) 1.84(117,2.91)
" (12=11%, P=0.34 155 (1.41, 1.69)
1 2 3 4
Relative Risk
Risk of CVD From Recent abacavir exposure Author, Year Relative Risk
(adjusted for CD4 count and HIV viral load) (Reference No.) (95% C1)
[ — D:AD, 2008 (1) 1.90 (1.47, 2.45)
e Choi, 2011 (4) 1.48 (1.08, 2.04)
——— Obel, 2010 (7) 2.00(1.10, 3.64)
o Desai, 2015 (11) 1.34(1.13,1.60)
[EEER. S Young, 2015 (16) 1.63(1.14,2.32)
—o— Palella, 2015 (13) 1.34(0.96,1.88)
T Lundgren, 2008 (8) 1.80(1.04, 3.11)
. S Marcus, 2015 (12) 2.20(1.40, 3.50)
. Lang, 2010 (6) 1.62(0.93,2.81)
—— Rotger, 2013 (14) 1.56 (117, 2.07)
e Elion, 2018 (17) 1.84(1.17,2.91)
‘, Overall (1=0%, P=0.46)  1.56 (1.42,1.72)
0 1 2 3
Relative Risk

Pooled risk of cardiovascular disease from recent exposure to abacavir in various sub-groups

of HIV-infected

individuals.
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First Author, Year
(Reference No.)

Brouwer, 2014 (3)
Palella, 2015 (13)
Lang, 2010 (6)

Marcus, 2015 (12)
Elion, 2018 (17)

Overall (17=0, P=0.86)

Author, Year
(Reference No.)

Brouwer, 2014 (3)

Martin, 2009 (32)

Relative Risk
(95% C1)

2.05(0.72,5.86)
1.95 (1.18, 3.45)
1.62(0.93, 2.81)
2,30 (1.30, 4.10)
1.84(1.17,2.91)

1.91(1.48, 2.46)

Relative Risk
(95%Cl)

2,05 (0.72, 5.86)

8.33 (1.40, 49.58)

Overall (1%=43%, P=0.18)  2.94 (0.8, 9.76)
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Risk of CVD from recent exposure First Author, Year Relative Risk % Weight
to abacavir in pre-2008 data (Reference No.) (95% C1)
o D:A:D Study, 2008 (1)  1.90(1.47, 2.45) 376
}e Choi, 2011 (4) 1.48(1.08, 2.04) 243
o Obel, 2010 (7) 2.00 (1.10, 3.64) 69
H—— Brouwer, 2014 (3) 2.05(0.72, 5.86) 22
I & Lundgren, 2008 (8) 1.80(1.04, 3.11) 8.2
* Martin, 2009 (32) 8.33(1.40,49.58) 0.8
o — Durand, 2011 (5) 1.72(1.10,2.71) 128
R Lang, 2010 (6) 1.62 (0.93, 2.81) 80
‘ Overall (12=0, P=0.69) 1.77(1.51, 2.07) 100.0
0 1 2 3 4 5 6 7 8 9 10
Relative Risk
Risk of CVD from recent exposure First Author, Year Relative Risk % Weight
to abacavir in post-2008 data (Reference No.) (95% C1)
— D:A:D, 2016 (18) 1.97 (1.43,2.72) 6.9
& Dorjee, 2017 (10) 1.40(1.15, 1.69) 271
,_‘_4 Overall (=69, P=0.07) 1.53 (1.14, 2.06) 100.0

Relative Risk

Pooled risk of cardiovascular disease from recent exposure to abacavir in sub-groups of

HIV-infected individuals.
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Fig. 5.

Funnel plot of 16 observational studies to assess publication bias for risk of CVD associated
with recent exposure to abacavir.
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Pooled risk of cardiovascular disease from cumulative exposure to abacavir.

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



Page 21

Dorjee et al.

SNIIA O pue g siireday ‘asnge Bnup ‘Bunjows €6°0 :4H weoey  (SN) INY vsn
‘A0 uslensid “elwaptdifsAp ‘uoisusiiadAy (¥0°Z '80'T) ueu Jayio aneinwnd - (T0S) AAD Hoyod ‘Ansifay ased 1002 1102
‘salaqelp ‘1eak Jepus|ed ‘aoel ‘xes ‘8by 8y'T *dH syusbe AYY wedsd  (T0S) AAD TE60T  8AIRdadsonay [e21U1[D AIH VA -166T “[e 319 104D
"95easIp AsUpIX pue ‘aseasip Janl|
‘uoisuauadAy ‘q102 ‘wisijoyodle ‘saagelp
‘sBnip AYV 48410 40 asn ‘asn Bnup uonoalui
‘80eJ ‘PEOJ [BJIA JUN0J |[83 ¥@J ‘uoleIul (#9°€ '0T'T) linedeqe 1oyod Apms §002 0102
LHVVH 0 Jeak ‘sisoubelp o Jeak ‘xas ‘aby 007 :dH 01 pasodxa 10N waund  (29) IV 2562 anedsold  MOYoD AIH Usiued  —G66T “[e19 1340
'sBnip AYYV 4810 0] ainsodxa pue
‘o1l 1180 8A0:¥AD ‘PeO| [BAIA AIH ‘NAAI
10 8U1B209 ‘aseasip Alale Aleuolod ainyewsaid (0T'T '28°0) JinedeQR
10 A10is1y Ajiwrey ‘Buiyows ‘uoisusuiadAy 16'0:40O 01 pasodxa 10N
10y pasnipe a1am S|apow ay} pue xas (18'2‘€6°0) linedeqe anlze|nWIND aseqereq 9002 0102
pue abe 10} payoTewW a1am S|0JIU0D pUe SaseD) 29'T:HdO 01 pasodxa 1oN waosy  (682) INV [YAn ]0J)U02-358D) [endsoH youai -0002 “le 1o Bue
(85'6¥9T
‘or'T) Jigendiwg |eL} p3[j03u0d eljensny 800¢ 600¢
€€'8 ‘dH -1IN0JOURL Jusdsy (6) ano 1G€ paziwopuey ‘Apnis Y3 1S —G00¢ “[e 1 ueN
‘Id pue | LYNN 0 3sh aul|aseq ‘Uoioajul (TT°€ '70'T)
snIIA O Jo g snireday ‘sbnip Butiamol 08'T ‘dH
-dg ‘se¥8qeIp ‘aAD Jond ‘Buryows unod |0 (€1 '6€'T) SILYN 1Yo wassy (04 ANAD Hoyod (Apms 1YVINS) L002 800¢ “Ie
¥AD pue peo| [elIA auljaseq ‘8oel ‘xas ‘aby Ge'v *dH SILYN 1810 229y (67) INV 2414 8A11080ds0.d [euoneuninAl -2002 18 UalBpun
uonouny €107
[euas pue yBram Apoq ‘alods weybulwels  (z;:z-e4°T) sjuebe sreak-uosiad Hoyoo uoyoo @'v:a  -8002
'2500n|b poojq ‘sbrup ansualiadAynue 16T Y AHV 13410 wauny  (692) INV 60€/GT  aAnadsoid UoIeIN
‘ainssald poojq ‘sap1iaoA|Bia ‘|olalsajoyd
urajoudodi] Ansuap-ybiy pue [ejo} ‘snijjaw 8002
salaqgelp :slojelpaw [esned [enuslod Bunsnlpe (e€'2-89'T) sjuabe sleak-uosiad 110402 10Yyod a:v:a iEE|
N0 paLed Ajaleredas sasAeue ANAIISUSS 16T -9 YV 18y10 wauny  (229) INV 052012 an19adsold JeuoneURINIA -666T
‘SILIN
13U30 0} 8Ins0dxa JUaLIND pue aAlze|NWND
pue ‘s|LYN-UoU pue sioNqiyul aseajold
urew ay} 0} ainsodxa aAleINWND ‘|G ‘JUaAd
anD snoinaid ‘gAD 1o Aloisiy Ajiwey ‘snyers
Burjows ‘abe :sajerrenod parepdn-awi :110yod
[eatut}o Buredioned ‘Anaiuyse ‘uonisinboe (62°2-2LT) sjuabe uoyod Hoyod @:v:a €10z 910¢ ‘sdnoio
AIH J0 dpowl ‘13puab :sajeren0d paxy-swi| 86'T :¥Y AV 18410 wauny  (Tv6) INVY LTL6Y 8A11080ds0.d —-666T  Apms @:v:Q
"}INSaJ 8y} 01 JUBIBYIP B[] Spew
AydoaisApodi| pue ‘saiaqelp ‘ainssaid poojq
‘sjana] asoon|b pue pidi| ‘peoj [ediA ‘unod
1189 @2 104 Juswnsnipe Jayind 'sbnip AYY (TZ'1'80°T) sjusbe
13430 0} 81nsodxa aAIRINWND ‘IINF ‘AAD YT'T dd NGV 13U10
Joud ‘and Jo Aioisiy Ajiwey ‘Bupjows ‘Loyod (Cradia)! sjushe aneinwny - (LTS) LAV uoyod 1oyod @:v:a L00Z 800z ‘sdnoi
‘Teak Jepusajed ‘A1o1uyia ‘dnoib ysu ‘Xas ‘aby 06°T :4Y AV 18Y10 Wwaoey  (L19) INV V€ €€ annoadsold leuoneunIN —666T Apnis @:v:a
(enire|nwino uoirealjgnd
S)UBWIWIOD (1D %S6) dno b 10 JUB38 ) (u) (u) polsed jo
puUe PO 8y} Ul pepNn[oul Salelieno) soIsiiels 20U oY aInsodx3 awooiNnO azsaoldurs  ubseqg Apnis uo11e207/140YyoD Apnis Teak ‘loyiny

“JINRIROR 0] 3Insodxa aAIIRINWIND 10 JUuadal wod) (QAD) 9Seasip Je|naseAclped 1o (JINY) uonalejul [eIpJedoAw ainde Jo sl ayl Buissasse saipnis

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



Page 22

Dorjee et al.

‘sisouBelp SAIV [ealul|o 4o

A101s1y pue uondsyul O siyeday Joy pasnipe
SeM (8Areu-14y) uoneindod Apnis paioLisal

10} |apouw 8y} ‘se1elieA0d aA0Ge 0] UORIppE U]
"10Yo2

pue ‘asn |d snoiAaid ‘peoj [ediA JUNod a0

‘asn UI1e1s ‘s|ana| ap1adA|BLi pue [01a1sajoyd (anreu
“Juawuredwi [euas ‘sajaqgelp ‘uoisusuadAy (Sv''8T'T) pasodxa -14V) S879
‘Bujows ‘1eak Jepuafed ‘dnoib xsii ‘a3el ‘Xas G6'T ‘8H Apuadal 10N (uonejndod
‘abe 10y paisnlpe sem (paousiiadxe-14Yy pue (88'T '96°0) pasodxa TEREN| (e6) INV Apms uoyod ©ILIBWY YHON 0102 GT0C
anleU-1¥Y) uonejndod Apnis [|ny 10} |9POIN T MH Apusdal 10N wa0ey  (T0€) INY 1Y) €€29T an119adsold ‘A4022V-¥YN —-G66T N LRER[EI R
"PeO] [BJIA PUB JUNOJ [139 ¥AD
‘sa110681e9 81098 Ys1I Weybulwel ‘salage1p
‘uoisualadAy ‘sbnip AYY Jay1o 0] ainsodxa (25’1 '86°0)
aAIze|NWNd ‘1eak Jepuafed ‘|INg ‘Bupjows 22T '4H linedIRqR
‘aAD Joud ‘v Jo Aoisiy Ajiwey “Anotue (zez2'v1T) 03 pasodxe anleInWND uoyod Apmis A4 ST0Z
uelseane) ‘asn Bnup uondsfu ‘xss ‘afy €9°T :4H 10N wedvy  (S9€) AAD 95817 an119adsold HOYoD AIH SSIMS -0002 ““e 18 BunoA
vsn
‘a1 dn MojJ|0} pue ‘sullels 03 ainsodxa ‘unod (62T '92'T) sjuabe AV 110402 ‘Ansibay aseD 6002 G102
1199 @D ‘PeO] [eJIA ‘8insodxa Jo Jeak ‘aby 05T :¥H Jayio I wauny  (¥€6) AAD 0TS 2 an1joadsoey [ealund AIH VA -966T “le1s 1esag
*ad A1 uswiBal-1 4y pue ‘aseasip
Jejnasen [esaydiiad ‘aseasip Jejnaseniqala
‘aseasip [eual ‘sajaqelp ‘ain|ie} Leay Buipnjoul
SaNIpIgJowod ‘uoriezijendsoy ‘(sunels ‘g0 saLieIoauag
‘ayV ‘1I30V 's18400|0-g) 8sn uonedIpaw (98'5 ‘22°0) 1oyod predipain 8002 ¥102 "'[e
1e|nasenoIpled ‘Jeak Jepualed ‘adel ‘Xas ‘aby S0°Z :9H l1nojous | JUEREN] (88) INV 18VE an1joadsoey BUIj0JBD YHON -2002 19 Jamnoig
"PeO| [BJIA AIH PUE JUN0J [132 ¥ ‘lIAeUIpUL
pue Jineurdo] 03 ainsodxa aAlre|NWND
‘aInsodxa 1 ¥V 1UaLInd ‘uonealpaw
2139RIP-1UE pUE SN}ijjaW S8)3geIp
‘sanisualiadAy-1ue 10 uoisuauadAy ‘sjans)
10431$9]0Y9 ‘@D J0 Aloisiy Ajiwey ‘Burows
‘afe 10y paisnlpy ‘@D Jowid Inoynm (TT2'L17) wiNIJosuo) 6002 €102
ajdoad 03 pajorsal pue Apnis payoreLu-xes 9G'T :HO pai193ds JON wauny  (1.5) Avo G871 101)u02-858D 1N3DIHINDVIN -0002 “|e 18 Jeb10y
*asn Bnup 11|11 ‘uondagul O siueday ‘asn
urleyiem 1o 1919re]d-nue ‘asn Bnip Buriamol BELENTe}
-pdif *asn Bnup onagelp-1iue ‘aseasip Asupiy (122'01T) Jineoeqe ‘saseqereq 0yo3 1002 1102
21U04Yd ‘8x01s I1sed ‘[N 1sed ‘xas ‘aby 2. T:dO 01 pasodxa 10N wedey  (S2T) INY 6027 ]0JJU02-858D) -paN pue DINVY -Gg6T  “[e18 pueing
lineRgR
01 pasodxa
‘Bunjows pue 10N
‘sajaqelp ‘uoisusladAy ‘elwa|olaisajoydladAy (0S'T '26°0) Jinedeqe
‘abe 10} paisnipe sem ainsodxa anlre|nwNd 8T'T ‘dH pue J1A0J0US) vsn
10} [9POIA “aseasip Aaupiy d1uolyd Ajuo (€0'T ‘sv'0) uey) Jayio aneinwn)d  (822) IINVY 110yod ‘Ansibay ased %002 1102
1o} paisnipe sem ainsodxa JuaLInd 10} |SPOIN 19°0 ‘9H sjuabe AV waund  (292) INVY ey 6T anoadsolay [ea1und AIH VA -966T ‘|19 owipag
'sBnip AYY 4810 0} ainsodxa (80°€ '88°0)
SAIJe|NWIND pUe ‘PeO] [BJIA ‘JUNOJ 183 ¥AD 9T MH linedeqe
‘IING ‘eldnu1aloid ‘Y499 ‘J3dued ‘uondaul (0T'T ‘62°0) pUE J1A0JOUR)
(ealre|Inwno uolealjgnd
SIUBIWIOD (1D %S6) dno 6 10 JUBB ) (u) (u) poised 0
puUe PPOW 8y} Ul pPapN[oUl SaTelienod SoIsIels 30U BPRY aJnsodx3 awooINnQ azsadures  ubseqg Apnis uo17e207/140Yy0D Apnis Teak ‘loyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 January 08.

Int J Antimicrob Agents. Author manuscript



Page 23

"J0)1q1yut asealold ‘|d ‘101qIyul aseldiIdsuRI) 851884 3PISO8|aNU ‘| 1YN ‘10)qIyul aseldiIasuel) 851981 apIsos|onu
uou ‘| IYNN :‘8sn Bnup snouanenul ‘NAAI ‘Juabe [esinonaliue aAde Alubly ‘LYVYH ‘8les uonesl|y Jejnsawolb pajewnss ‘Y499 ‘aseasip Bun| aA1dNIISAo d1UoIY ‘10D {[eAI8IUl 8dUSPIUOD ‘D H18Xd0|q
JauuRyd WNI9RD ‘gDY ‘aseasip Alalle A1euolod ‘QyD ainssald poojq ‘dg ‘xapul ssew Apog ‘NG [edinoalaliue ‘AYY -18x00]q Joidadal uisuslolbue ‘g ‘1ouqgiyul awAzus BuiieAuod uisusiolbue |30V

Salv [eawund jo Aoisty ‘peoj

[e4IA AIH ‘WUNOI 132 £ ‘8Sh UITelS ‘S|ans|

pidi] ‘uonouny Jeuas ‘sajaqelp ‘uoisusadAy
‘uonosyul O sijeday ‘Buryows yesk  (16°Z 'LT'T) sabe AV Hoyod e3LBWY YHON €102 810C
Tepuayed ‘uonisinboe ‘Ajd1uyIa/a0el ‘X3S 9By ¥8'T :uH 18U10 |1 weosy  (€2T) INVY 5928 anoadsold ‘Q4000V-YN  -T00Z “le1a uol3

'sbnip AV 214193ds 01 ainsodxa
pue ‘aseasIp-AlH 21rewo)dwAs ‘Jadued ‘8)olis
‘(uindse ‘suness ‘s19%20q-¢ ‘900 ‘gUV
‘130V) suolealpaw Iejnasenolpled ‘syusbe
21Wd2A|B1adAy-nue ‘eiwsapidiisAp ‘saaqelp
‘uoisuaadAy ‘aseasip Asupiy o1u0Iyd (0€'T '68°0) syuabe AMY
‘dAD Joud ‘uonoayul O pue g snieday 80T -dH Jaylo |V
‘asnge |oyod|e ‘asnge souelsans ‘JyBrom (69T '9T'T) safe AV sneinwny - (yT2) AAD Hoyod eleq swre|d ¥102 L102
Apoq ‘Bunjows ‘reak repusjed ‘xas ‘aby or'T ‘dH J8Y10 || Wwesy  (¥T2) AAD cel 2l annoadsonay 2ouRINSU| SN -6002 “le 18 98liog

"800z-1s0d pue gooz-81d oy
Jojeaipul pue ‘uonouny feuas ‘Adesayy Buriamol
-pidi] ‘sa1aqelp ‘A11saqo/ybiamiano ‘Buiyows
‘asn [oyodJe ‘aoualiadxe | Hy snoinsid

‘dnoub xs1 ‘peoy [elIA AIH UN09 |39 ¥AD BlUIO}I[RD

Dorjee et al.

‘Ao1uya/a0e) ‘UoEIIUL | XY 18 PRO3JUI-AIH (g€ syuafe AYY Hoyod “(OSdMBONG) 1102 9102
30 0} UMOUY| SIeaA ‘eJd Jepuafed ‘xas ‘aby  ‘v'T) 22 ‘dH J8Y10 ||V us0ay  (82T) AAD $G18 annoadsoliey ENN -866T ““le 18 snale
(ealre|Inwno uolealjgnd

SIUBIWIOD (1D %S6) dno 6 10 JUBB ) (u) (u) poised 0

pue jppow ayl ul pepnoulsarelfenod SOIISIRIS 20U oRY ainsodx3 awooinO azsadwes  ublseq Apnis uo17e207/1404oD Apnis Jeak ‘loyiny

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



Page 24

Dorjee et al.

"AAD 0 3S1 pue 3Insodxa JIAeIege Usamiag

Aemuyred Jesned ayy uo a1 Aew reyy (AydonsApodi] pue ‘erwapidijsAp ‘UonouNySAp [euas ‘sniijjaw salaqelp ‘uoisusladAy) si01oe) [enusiod aAly JO 8aiy) Ises)] Je oy paisnipe dnolb siy) ul papnjoul saipnis
x

"YSU BAITR[3] AJBWIWINS “HYS ‘[eAIS1UI 90UBPIU0D ‘1D ‘Adeiay) [BIIA0IIBINUE ‘| MY ‘UONIIBIUI [RIPIBI0AW 8INJE ‘[N

T S10 69 0TT'260 00T 80T'€60 90T'¥6'0 00T S aInsodxa J1neaRQe Jusda4 104 palsnipe [3poN
GS 800 1.9 TCT'20T ITT 02T'G0T 8TT'L0T 2TT 14 ainsodxa Juadal 1o} pajsnipe jou [3pON
(4eaA Jad) ainsodxa anle|nWND

0 9v0 8L'6 VN VN VN 2LT2vT  9ST 7 PEO] [BJIA AIH pUB JUNO0D |39 ¥AD

9z 610 /8T /ST'9CT T¥'T SLT'TVT TLT'SVT  LGT 1) dAn9 Jold

TT v€0 2€el TIST'GCT LET 69T'TV'T 89T'CrT GST 4% snjels Bupjows

IT €0 6£CT TYT'eTT 927 €8T'8r'T 28T'6V'T 9T 4 asnqge soueISqns

0 970 v8ET VN VN VN OLT'vwT 9ST GT , SI010B) XSH QAD [EUONIPEL] JO SIOJRIP3LU [ESNed [eluslod
Jswisnipe Japunoyuod

g 810 9T 9.CT'T60 TveE 9/'6'88°0 GC'L'6TT 1v6¢C 4 Jinojous ]
juabe Jojeredwo)

69 .00 6T'€ SCTOTT 29T 90C¥T'T T8T'0ET €57 4 800¢-1s0d

0 890 €9'G VN VN VN 0TZ'€9T G87T 8 800¢-9.d
%hmg eleqg

0 v.0 0€0T VN VN VN $LT°80'T 09T qT S3IpNIs euoneAIasqo
uBisap Apms

0 v60 6.0 VN VN VN 9vz'8yT 16T S ANIBU-1HV
uolreindod Apnis

0 0S50 0€'6 VN VN VN 06T'6VT 897 1T INV
awWoANO
0 /S0 9€¢T VN VN VN SLT'8V'T 19T 9T TTO0Z “'[e 32 owlpag Buipnjox3
¥ €00 682 €ST'0CT GSET vLT'OVT 69T 'wrT 99T LT ss1pnis |1V
aInsodxa Jusday

(%) anren ;| d X 1D %S6 Hs 1D %S6 1D %S6 Hus

KpUsBo P H S10940 Wopuey #uﬁw: [pe-a.loys S04 POXI4  SIIPNIS JO ON (paij0ads ssajun ‘gAD =awodinn) wa:oagsm pue dnolo

#

"S|eNPIAIPUI Pa193JUI-A|H Ul JIABIRGE 0] 21nsodxa wol) (QAD) 8sessip JeJnaseAcIpied JO YSii aU1 J0) SasAjeur-elaw Jo S1nsay

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



Page 25

Dorjee et al.

'slaquinu aduaJagal Buipuodsallod yim g pue ‘v ‘g ‘z sbi4 ays ur umoys aJe sasAjeue dnoibgns pue dnoib ayy ur papnjoul mm_uzymm.

*(T SnuIW SaIPNIS JO Jaquunu) WopaaJy Jo saalfiap ay) uey) Jajeaih sem onsiels Nx 3] UsyM pasn ag Aeww S|apow S108)J8-LIOPUES PUB S[eAISIUI 80USPIJUOD nmm:.—uméo;m\ﬁ

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Int J Antimicrob Agents. Author manuscript; available in PMC 2021 January 08.



	Abstract
	Introduction
	Methods
	Literature Search
	Study Selection
	Data abstraction and definitions
	Statistical analysis and evaluation of bias

	Results
	Recent exposure
	Cumulative exposure

	Discussion
	Plausible biological mechanisms

	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Fig. 6.
	Table 1
	Table 2

