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Introduction  

By 2019 the European Center for Disease Control (ECDC) and the European Regional Office of World Health 

Organization (WHO) estimated that more than 140.000 persons, corresponding to 16 per 100.000 persons, 

tested positive for HIV in the WHO European Region (53 countries) with an increasing  incidence of 22%  

over the last decade [1]. Within the European Union (EU)/European Economic Area (EEA) (31 countries) the 

incidence is considerately lower with approximately 6 HIV-positive diagnoses per 100.000 persons, and a 

17% decrease in incidence over the last decade [1]. The inter-regional diversity in Europe is also reflected in 

the reported HIV acquisition routes; in the Western and Central Europe almost half of those acquiring HIV 

were men-having-sex-with-men (MSM), while this was reported for only 5% of those in the Eastern Europe 

where the epidemic is driven by heterosexual contact and injecting drug use[1]. The male to female ratio of 

those diagnosed with HIV is 3 to 1, and more than half of those diagnosed were at a late disease stage (CD4 

count <350 cells/µL) [1]. On the global scale almost 38 million persons are estimated to currently be living 

with HIV of which 79% are aware of their status, 62% are on antiretroviral treatment (ART) and 53% are 

virologically suppressed [2]. The clinical management of people living with HIV (PLWH) has undergone 

dramatic changes over the past four decades [3-6]. In the early years of the 1980’s epidemic HIV care was 

centralised around symptomatic treatment with high rates of AIDS-related morbidity and mortality [7]. The 

nucleoside analogue azidothymidine (AZT) was, as the first antiretroviral agent (ARV) for HIV, fast-track 

approved in 1987 based on lower risk of mortality and opportunistic diseases among those using the drug 

vs. placebo [8]. Numerous ARVs from several different drug classes followed consecutively, but it soon 

became apparent that ARV monotherapy gave rise to resistance mutations and in turn virological failure [9-

12]. By 1996 use of combination antiretroviral treatment (cART), which included three ARVs from two 

different drug classes, proved able to control HIV viremia and restore immune function on the longer term 

[12-15]. The early ARVs such as AZT, didanosine (ddI) and stavudine (d4t) carried a relatively high risk of 

adverse drug effects including severe anemia, hyperlactatemia, lipoatrophy and peripheral neuropathy, 

however the need for effective treatment and the limited number of alternatives greatly outweighed such 

detrimental effects [5]. Towards the end of the 1990’ties access to a broader palate of ARVs, more effective 

ARVs, implementation of cART and better means to monitor HIV viral load (VL) initiated a new era in HIV 

management where the improvement in survival led to increased focus on ART tolerability, but also 

revealed higher than expected rates of several non-AIDS events including renal, cardiovascular and liver 

diseases [16-20]. It was also in that era that the Data collection on Adverse events of Anti-HIV Drugs (D:A:D) 

study was founded, the study upon which all of the papers of this dissertation are based [21]. This large 

cohort collaboration was established in 1999 based on a request by the European Medicines Agency (EMA) 

to study potential associations between use of ARVs and cardiovascular disease (CVD) [21]. During the extent 



11 
 

 

of the prospective study follow-up (1999-2016) the focus expanded to include systematic 

pharmacovigilance of all ARVs and several organ diseases using both centrally validated clinical events and 

laboratory defined markers of specific organ impairment. The current wide range of available ARVs exceeds 

more than 30 options in high-income countries and has enabled a greater focus on adverse drug effects to 

better tailor ART to fit the individual risk profile and long term needs of PLWH as discussed in more detail in 

chapter 3 [6]. Systematic post-marketing studies of longer-term outcomes of ART using observational data 

have proven key for HIV care as the randomized clinical trials (RCT) have intrinsic imitations related to the 

often-limited study size, relatively short follow-up time and inclusion of highly selected study populations. 

As such, observational studies have reported drug associations that were not expected based on findings of 

the registrational RCTs, and have generated hypotheses for confirmation in other studies and for 

conducting of mechanistic studies to study biological plausibility [22, 23]. Despite large sizes, substantial 

heterogenicity and the ability to adjust for a large number of potential confounders observational studies 

including D:A:D hold major intrinsic limitations in terms of different types of bias, confounding by indication 

and unmeasured confounders. Great caution is therefore required when designing and interpreting the 

findings of any observational study in terms of causal inference.  The Bradford Hill criteria for causality have 

been routinely considered in D:A:D  when interpreting the study findings [24].  

Table 1, Bradford Hill Criteria, adapted from [24] 

 
 

The comorbidities and adverse drug effects studied in this dissertation are some of the organ diseases 

associated with greatest morbidity and mortality in PLWH; chronic kidney disease (CKD), atherosclerotic 

CVD, end-stage liver disease (ESLD) and hepatocellular carcinoma (HCC). The ten chapters of this 

dissertation include a description of the overall aims for the included work (chapter 1), an overview of the 

main applied methods (chapter 2), an introduction to the key principles of modern HIV care and adverse 
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effect of ART (chapter 3), a short introduction to comorbidities in PLWH (chapter 4) followed by an in depth 

discussion of the findings of the specific papers related to CKD, atherosclerotic CVD and ESLD/HCC 

(chapters 5-7). In chapter 8 management considerations for CKD, atherosclerotic CVD and terminal liver 

failure are discussed, while the final chapters discuss the limitations of the current data and analyses 

(chapter 9), conclude and provide perspectives (chapter 10) for the future-ART era in terms of HIV 

management and pending research questions.   
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Chapter 1 Aims 

The overarching aim of all analysis of the D:A:D study, including all studies of this dissertation, is to improve 

insights into the pathogenesis and risk factors for non-AIDS morbidity and to systematically monitor drug 

safety of ART in order to ultimately improve clinical management of PLWH. 

 

The studies of my 2013 Ph.D. thesis focused on renal impairment in PLWH exclusively (see details in 

chapter 5) [25]. As power in the D:A:D study increased, and our understanding of CKD improved we were 

able to expand our research agenda with studies investigating adverse renal outcomes related to more 

extended use of ART (papers 3-4) and impact of ART discontinuation (paper 5). We also developed a more 

detailed overview of the CKD risk profile in PLWH (papers 1,2 and 6) and of CKD related outcomes (papers 

5, 7-8). We were further able to investigate the impact of use of more contemporary individual ARVs 

(papers 4 and 9) and to assess entirely new key organ diseases with pertinent and unmet reach needs such 

as predictors for atherosclerotic CVD in contemporary treated PLWH (papers 8 and 9) and for terminal liver 

impairment (paper 10). All questions that require a large and heterogenous dataset such as D:A:D. 

 

More specifically the individual studies of this dissertation aimed to  

• Explore associations between immune suppression and CKD in PLWH (papers 1 and 2) 

• Determine if the association between use of individual ARVs with nephrotoxic potentials 

and incident CKD is cumulative in nature (paper 3) 

•  Assess if use of newer PIs is associated with increased incidence of CKD (paper 4) 

• Investigate if the increased CKD risk related to use of ARVs with nephrotoxic potentials is 

reversable upon discontinuation (paper 5) 

• Develop a clinical risk score for CKD prediction in PLWH (paper 6) 

• Evaluate risks of serious clinical events following CKD in PLWH (paper 7) 

• Investigate the relation between renal impairment and incident atherosclerotic CVD in 

PLWH (paper 8) 

• Assess if use of newer PIs is associated with increased incidence of atherosclerotic CVD 

events similar to first generation PIs (paper 9) 

• Establish the incidence, associated risk factors and prognosis of ESLD and HCC in PLWH 

(paper 10) 
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Chapter 2 Main Applied Methods  

This chapter will provide a brief overview of the study population included in the dissertation manuscripts 

and the considerations behind the applied analytical methods, further methodological details of the D:A:D 

study were summarised in my 2013 Ph.D. thesis [25]. 

Study population and endpoints                                                                                                                                         

The D:A:D study was a prospective cohort collaboration following more than 49,000 HIV-1-positive persons 

in 212 clinics in Europe, the United States and Australia in the period 1999-2016 [21].  

In many countries reporting on potential adverse drug effects are based on the volunteered reporting by 

the treating physicians- a system prone to underreporting and lack of systematism. The D:A:D study used 

rigorously defined clinical endpoints collected in real time during routine clinical care blind to the ART 

regimen used. These included end-stage renal (ESRD), ESLD, cancers (AIDS and Non-AIDS defining 

malignancies (ADM and DM), myocardial infarction (MI), stroke, invasive cardiovascular procedures (ICP), 

diabetes (DM) and death. All events were validated using study specific algorithms by a trained medical 

doctor, discussed with external experts blinded to the ART regimen provided and monitored for 

completeness and to limit risks of underreporting. A relatively conservative approach to the endpoint 

definitions were applied to ensure as clean clinical data as possible. This meant that milder cases of disease 

were not accepted e.g. for ischemic heart disease incidences of unstable angina were not accepted nor 

were type II MIs. Likewise, ascites was not accepted as part of the ESLD definition unless it could be verified 

that it was not caused be extra-hepatic causes and the patient had cirrhosis. As a consequence, the 

incidence rates reported in D:A:D have been considerately lower than in other studies [26]. 

In 2002 a prognostic staging for CKD was suggested from the US National Kidney Foundation’s Kidney 

disease outcomes quality initiative (KDOQI) [27]. The definition has been widely implemented internationally 

and undergone several adaptions with the last classification being from 2012 from the Kidney Disease 

Improving Global Outcomes (KDIGO) describing five CKD stages based on confirmed, more than three 

months apart, eGFR levels under the threshold value, and three levels of proteinuria, Figure 1 [28, 29]. 
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Figure 1, CKD classification as per the 2012 KDIGO Guidelines [28]

 

A recent call have suggested to further subdivide these categories according to age, to better capture the 

normal related decline in renal function [30].                                                                                                                           

When using the term “CKD” in this dissertation it will generally refer to moderate CKD (CKD stage G3), 

unless anything else is stated. In some of our paper (SCE after CKD) we expanded the KDIGO definition 

according to the International Network for Strategic Initiatives in Global HIV trials (INSIGHT) CKD definition 

including a 25% decline confirmed (>3 months apart) in eGFR if baseline eGFR <60 mL/min/1.73m2 [31].                                                                                                                                                    

If an individual had more than one eGFR measurements within a given month, the median value of all 

measurements in that calendar month were used and assigned to the mean date of measurement. The 

confirmed definition required that individuals did not have any measurements >60 mL/min/1.73m2 during 

the min. 3 months follow-up period (i.e. if someone had an eGFR <60  mL/min/1.73m2 and then 1 month 

after eGFR >60 mL/min/1.73m2 and one months later eGFR <60 mL/min/1.73m2, the person would be not 

be considered to have CKD in that period, Figure 2,  but could fulfill the criteria later if they then had a 

period of 3 months or more where all eGFRs <60 mL/min/1.73m2). We used the Cockcroft-Galt (CG) 

equation as a surrogate for eGFR, as several cohorts in D:A:D are prohibited from reporting ethnic origin. 

The CG is recommended for calculating drug dosing, and the possible limitations of the equation were 

discussed extensively in my Ph.D. dissertation, but importantly sensitivity analyses in D:A:D and EuroSIDA 

have showed using the CG and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations 

provides similar results [25, 32].  
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Figure 2, Examples of Persons Fulfilling or not Fulling the CKD Definition Within a Given Time period 

 

In addition to the endpoint the study collected additional data electronically at enrolment and every six 

months. This included details on demographics, mode of HIV transmission, key HIV-related variables, viral 

hepatitis status, ART history, laboratory test results (including creatinine, transaminases, bilirubin and 

lipids), use of other drugs (i.e. antihypertensives and lipid lowering drugs), cardiovascular risk factors (such 

as family history, prior cardiovascular disease, body weight and hypertension), tobacco use, and AIDS 

events. For further details see the study manual of operations 

(https://www.chip.dk/Portals/0/files/Study%20documents/DAD_MOOP_revised2013.pdf). All data 

underwent extensive data quality assurance including external monitoring for completeness. The 

prospective data collection, large size and heterogeneity of the study are am unique feature of the study 

and ensured a high level of internal and external validity. 

At the last data collection in 2016 the D:A:D study population was 74% male, 51% Caucasian with 44%, 33% 

and 15% reporting having acquired HIV by MSM, heterosexually or by injecting drug use (IDU) respectively. 

The median age at time of inclusion was 39 years (interquartile range, IQR, 33-46), 22% had an AIDS 

condition and 18% and 5% were HCV and HBV co-infected respectively. During >450.000 person-years of 

follow-up (PYFU) a total of 5,372 deaths, 1,191 MIs (of which 16% were fatal), and 432 ESLD/HCC 

accumulated. The incidence of CKD was close to 1%.  

To validate a prediction model, it is recommended to use at least one external validation cohort.  An 

alternative to external validation is to do bootstrap validation, in which the cohort data in split in two and 

use one part as the derivation cohorts and the other half as the validation cohort, this approach was done 

for the D:A:D CVD model [33]. In paper 6 we used data from the control arms of the Evaluation of 

https://www.chip.dk/Portals/0/files/Study%20documents/DAD_MOOP_revised2013.pdf
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Subcutaneous Proleukin® in a Randomised International Trial (ESPRIT) and Strategies for Management of 

Antiretroviral Therapy (SMART) RCTs and the Royal Free HIV cohort study (RFHCH) to validate the D:A:D 

derived 5-years CKD prediction score [34]. 

 

Statistical methods and responsibilities                                                                                                                            

All statistical analyses included in this dissertation were approved by the D:A:D Steering Committee and 

performed by a team of extensively experienced statisticians/epidemiologists at University College London 

(UCL) based on pre-defined plans of analyses developed by the writing group and lead by the first and last 

author of the manuscript. 

To account for the longitudinal data collection and that individuals in the study were not followed for the 

same periods of time we used predominately survival analyses and Poisson Regression models to assess 

associations between possible predictors including drug use and clinical outcomes, as this model deals well 

with rare outcomes in large studies. 

In one analysis we compared three different eGFR outcomes (improvement, stabilisation and progression) 

at a specific point of time (24-36 months after CRI), and therefore used an ordinal logistic regression (paper 

5) [35]. This model assumes that any change in odds comparing stable to progressive eGFR is the same as the 

change in odds comparing improved to stable eGFR (proportional odds assumption), and we confirmed in a 

sensitivity analysis that this assumption was reasonable.  

Fitting of ARV use                                                                                                                                                           

ARV exposures were modelled based on the presumed mechanistics. More specifically all drug relations 

were evaluated based on existing literature and by evaluating incidence rates (IR) per 1000 PYFU stratified 

by time on the drug in raw unadjusted analyses. As such ARV exposure was fitted as a continuous variable 

(cumulative, per additional year of use) when it was considered plausible that a drug effect increased 

gradually (linearly) with longer exposures. If there was no evidence suggesting that a drug relation was 

gradually increasing, and instead mimicked a current (on/off) effect; depending on ongoing use of the drug 

without continuation of an increased IR after the exposure ends [22], ARV exposure was fitted categorically; 

never used, recently used (currently on or on <6 months), prior use (on >6 months ago) with time since 

cessation to allow for a wash out period. Further, if there was no indication that the drug effect would last 

after exposure ends only the follow-up time spend on the drugs was calculated as exposure. Alternatively, 

if there were indications than an effect would remain even after discontinuation the follow-up time on the 

drug would continue even after the use ended (with calculation of time since cessation, see below). 
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Follow-up time for each participant was divided into consecutive one-week periods with assessment of ART 

status at the beginning of each of these time periods. I.e. before starting a specific ARV, the exposure time 

and time since stopping the drug were zero. If a person then starts using the ARV, the follow-up time spend 

on that drug would start to accrue at the beginning of the following week and continue to accrue until the 

drug was discontinued. If the drug was later restarted the additional time spend on the drug would be 

added to the time that had already accrued earlier. In some of the analyses (i.e. papers 5 and 10) we were 

particularly interested in the reversibility potential of the shown ARV-associations, and  investigated IRs 

with time since stopping the ARV, which accumulated each week the person remained off the drug, but 

was set back to zero if the ARV was subsequently restarted. 

Further, all ARV exposures were considered, regardless of when they had accrued– thus, individuals may 

already have accrued several years of exposure to some of the ARVs prior to baseline (baseline differs 

according to the endpoints studied); but continued to accrue after baseline if the individuals continued to 

receive the drugs. 

Fitting of potential confounders and model building                                                                                                                                               

For all analyses it was a priori decided which key variables to consider.                                                                         

Variables were generally fitted at baseline if they were unlikely to change during follow-up (i.e. gender and 

ethnicity) or if there were concerns about adjusting for factors on the potential causal pathway (i.e. CD4 

count or dyslipidemia) between the exposure variable (i.e. ARV use) and the outcome variable (i.e. CKD or 

CVD). Variables subjected to change over time (i.e. age), and not considered to lie on the causal pathway 

between the exposure variable of interest and the outcome, were generally fitted as time-updated 

variables. For the prediction model (paper 6) we used baseline values to obtain a longer-term prediction 

model.                                                                                                                                                                                               

Model fit was assed comparing the Akaike information criterion (AIC) between models (with low values 

indicating a better fit), and by adding/removing possible confounders to determine how this impacted on 

the model fit. 

In paper 7 we also calculated the population attributable risk fraction (PAF) for the key risk factors. PAF 

expresses the proportion of events that would not have occurred had that risk factor not been present and 

considers both the strengths of the associations and the incidence rate of the risk factor. Whilst we found 

this additional data gives a good impression of where to target future interventions calculating PAFs based 

on the effect sizes in multivariate analysis have; however, been criticised for not accounting for any 

potential correlations of the considered risk factors [45]. 
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Due to the rigorous data collection process the annual loss to follow-up rates in D:A:D were less than 3%. 

Some data in D:A:D is missing non-randomly due to local restrictions (i.e. information on ethnicity) whilst 

others were missing randomly (i.e. incomplete records on hypertension, smoking and HCV status). Missing 

data was managed in several ways in the analyses including creation of unknown categories (i.e. for 

ethnicity) and by doing imputations (predominantly multiple imputations and in some instances last value 

carried forward if there were limited variability over time). In some analysis we also excluded those without 

key data available i.e. data on creatinine, VL or CD4 count but ensured a characterization of those excluded 

to assess the risk of selection bias.  

The CKD risk prediction model (paper 6) was built in two steps; first step included development of a non-

ARV prediction model and the second step addressed the added impact of starting ARVs with nephrotoxic 

potentials depending on the risk profile.  We included prior identified demographic, traditional and HIV-

related renal risk factors in a Poisson regression model with CKD as the outcome as tested several different 

model building strategies with similar results [31, 36, 37]. The effect estimate of each individual risk factor were 

then scaled to construct a point-based summed scoring model, in which points were calculated by dividing 

each incidence rate ratio with the lowest incidence rate ratio of the model. In addition to providing a 

continuous risk estimate, we defined low (score <0), medium (0-4) and high CKD risk (>5) strata, based on 

summed points divided in quantiles with three lowest combined into one based on low event numbers. We 

combined these findings with KM estimation to define the proportions developing CKD over 5 years in each 

of these risk strata. To ensure our model could be used widely we also constructed as short model without 

CVD risk factors (hypertension and prior CVD) as some cohorts (i.e. several British cohorts) do not collect 

such data systematically. In the prediction model it is assumed that the impact of each factor is additive 

(rather than multiplicative) in nature, which seems reasonable in this case as we did not find any 

interactions between key risk factors. To address the impact on the absolute CKD risk in each risk strata of 

starting nephrotoxic ARVs, use of TDF, LPV/r, ATV/r, ATV and other PI/r (predominantly older PIs) was then 

subsequently included as time-updated variables. While, at the time, there was growing evidence 

supporting a cumulative effect of TDF use with CKD risk, there were more ambiguity related to use of 

individual PI/r which was the reason for not including ARV use in the actual model. In addition to the 

change in CKD risk we also calculated the numbers-needed to treat to harm (NNTH) for starting each ARV, a 

methodology implemented in 2010 for CVD in PLWH, for each CKD risk stratum [38].                                                             

NNTH were also calculated in paper 9 for CVD risk associated with use of DRV/r in different risk strata. 
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Sensitivity analyses                                                                                                                                                               

To limit risks of misinterpretation of our data we routinely conducted extensive data checks to ensure the 

reported data was as accurate and complete as possible and undertook a meticulous analytical approach to 

the analysis in which several sub- and sensitivity analyses interrogate the robustness of our findings in 

different clinical scenarios. For instance, in the paper investigating use of contemporary PIs and CVD (paper 

9) we investigated if the association between DRV/r and CVD differed according to the individual 

components (stroke and MI) of the composite CVD outcome and the impact of excluding everyone with 

prior CVD. In the same paper we also investigated the impact on fitting potential confounders, and in 

particular dyslipidemia, on the potential causal pathway as time updated as opposed to baseline variables 

and we investigated the effect of excluding everyone without any exposure to the two main drugs in 

question. To address potential confounding by indication we also tested for interactions with the D:A:D 

CVD risk score and assessed if the results differed according to having experienced virological failure. In the 

paper on ESLD/HCC (paper 10) a sensitivity analysis excluded those with HBV co-infection to test if the 

association between TDF and ESLD was confounded by HBV-coinfection not adequately captured by 

adjustment. In the paper on contemporary PIs and CKD (paper 4) we restricted the primarily analysis that 

included all individuals without prevalent CKD stage 3, to include only those with initial normal renal 

function (eGFR >90 mL/min/1.73m2). Whilst in paper 3 on cumulative use of potentially nephrotoxic ARVs 

and CKD we censored any FU on other ARVs used concomitantly (in addition to adjustment hereof) to 

ensure the associations of TDF and PIs LPV/r and ATV/r were independent. In paper 7 to test for competing 

risks of death and ESRD in those with CKD, we conducted an analysis in which we removed all persons with 

more than one serious clinical event during follow-up with consistent results. 
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Chapter 3 Principles of Modern HIV Care and Adverse Effects of ART 

During the past decade there has been a major shift in paradigm for HIV-treatment which has significantly 

impacted everyday clinical management of PLWH [3, 4, 39, 40].  This chapter contains a short overview of the 

latest European recommendations for HIV care including highlights of the studies defining modern ART 

strategies and main adverse drug effects with a focus on the most commonly used ARVs.  

Concerns about ART-related toxicities and resistance lead to suggestions of a drug conservation or 

intermittent ART strategy as opposed to a continuous ART approach for managing HIV. In 2006 the 

randomised SMART study presented evidence that an intermittent ART strategy resulted in higher rates of 

progression to AIDS and death (hazard ratio, HR 2.6 [1.9-3.7]) and thereby a strong recommendation to 

treat continuously once ART is initiated [39]. As part of the secondary endpoints the study also suggested 

that risks of major CVD, renal and liver events were higher in those treated intermittently (HR 1.7 [1.1-2.5]) 

[39].   

For years the best time for starting ART was discussed, some suggested an early start of ART (test and treat 

approach) would lower risks of conditions closely related to ongoing HIV-viremia and immunodeficiency 

and lower risks of onwards transmissions (treatment as prevention, TASP), whereas others were concerned 

about the potentials for accumulating drug toxicities and resistance, as well as the challenges with 

upscaling use by providing ART to everyone. Up to the years around publication of the Strategic Timing of 

ART (START) trial data the common practice was to defer initiation of ART until there was a specific need for 

it i.e. in the presence of an AIDS defining condition, co-infection with viral hepatitis, pregnancy or in 

asymptomatic persons with low CD4 count [41].  The definitive evidence came with the START trial showing 

that those starting ART immediately had lower risk of a combined endpoint of serious AIDS and non-AIDS 

events and all-cause mortality (HR 0.43 [0.30.0.62]) [40]. Treatment guidelines were immediately adapted to 

reflect these findings and now recommend initiation of ART as soon as possible [6]. There are still important 

data coming out on a number of START sub-studies to further investigate if there are added benefits on 

clinical outcomes on starting treatment with a high CD4 count [42, 43].  

In 2016 the results of the PARTNER study further revolutionized HIV care by documenting no risk of HIV 

transmission in sero-discordant couples in case of fully suppressed HIV-VL by ART [44].  In addition to 

treating PLWH ARVs have since release of the first ARVs been used for Post-Exposure Prophylaxis (PEP) [45]. 

The 2016 PROUD and IPERGAY studies showed that ART was effective in reducing risk of HIV transmission in 

persons of high-risk of acquiring HIV and has since been incorporated as a primary prophylaxis measure 

(Pre-Exposure Prophylaxis, PrEP) in many European countries [6, 46, 47].  
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HIV care is organised differently across Europe, for instance in Denmark management is centralised in 

highly specialised university centres, whereas in Finland and United Kingdom specialised HIV nurses 

diagnose and manage most comorbidities, whilst doctors in general practises oversee care in many German 

states [48]. The European AIDS Clinical Society (EACS) is a non-profit organisation which aims to provide easy 

assessable recommendations on all key aspects of modern HIV management [3]. Originally the EACS 

Guidelines aimed at providing unifying guidelines for clinicians involved with HIV care throughout Europe, 

but due to the holistic approach to HIV management, which is unique to EACS, and a request from 

countries without national guidelines, or where guidelines are only updated infrequently, the EACS 

Guidelines are now more widely implemented including in parts of China, Russia and Japan. For the past 

nine years I have been involved with management of the EACS Guidelines; first assisting the chair of the 

comorbidity panel, later as the Guidelines Coordinator. As the studies of this thesis are all based on a 

primarily European population, the below discussed recommendations are primarily based on European 

recommendations from the EACS Guidelines. 

There are four mainly used ART drugs classes; nucleoside reverse transcriptase inhibitors (NRTIs), non-

nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs) and integrase inhibitors 

(INSTIs). The basis for modern initial treatment for ART-naïve persons traditionally include a combination of 

a dual NRTI backbone plus one INSTI (preferred), one PI or one NNRTI [6]. Use of an unboosted INSTI with a 

high genetic barrier (dolutegravir, DTG or bictegravir, BIC) is currently the favored 3rd agent. In 2019 the 

possibility to treat ART-naïve persons with a two drug regimen (2DR) consisting of DTG and lamivudine 

(3TC) was added  based on the GEMINI trials findings of non-inferiority to using a three drug regimen (3DR) 

of tenofovir disoproxil fumarate (TDF), emtricitabine (FTC) and DTG [6, 49]. When deciding on which ART 

regimen to start in an individual there are several points to consider including pregnancy, risk of and 

prevalent comorbidities, use of other medications, addictions, swallowing difficulties, certain HLA types, co-

infections and opportunistic infections. These considerations are all essential parts of modern HIV care to 

tailor ART to the needs of the individual PLWH to increase compliance and limit risks of drug-drug 

interaction and adverse effects. In addition, the presence of resistance mutations, drug availabilities and 

pricing may also impact choices. It may be necessary to adjust the treatment dosing in case of renal and/or 

liver impairment and to switch one or more ARVs in case of i.e. virological failure, pregnancy, serious drug-

drug interactions or toxicities [6]. For INSTIs, the most modern 3rd agent, recent data suggest that 

approximately 10% discontinue use within six months, and most commonly due to toxicities [50].                 

ART may potentially impact organ function in different ways; neutral impact (no effect) which is most 

common, improvement of organ dysfunction (i.e. if related to viremia or immunodeficiency) or 

induction/further impair organ dysfunction (toxic effect) [37, 51]. Therefore, in addition to ensuring virological 
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and immunological control it is recommended to systematically monitor for development of toxicities after 

initiation of ART including asessment of renal, liver and bone marrow function, lipids, glucose and bilirubin 

as clinical symptoms may not arise until a late stage. Once the PLWH is stable on ART how frequently the 

person should be monitored for toxicity depends on several factors including the individual risk profile and 

the ART regimen used, for instance EACS recommends screening for renal impairment every 3-12 months 

for the general PLWH, but more frequently in those with impaired renal function, ongoing CKD risk factors  

and in those using drugs with nephrotoxic potentials [6]. Adverse effects related to ART use are a mixture of 

effects ranging from asymptomatic and mild laboratory abnormalities (i.e. hyperbilirubinemia related to 

use of atazanavir, ATV) to severe chronic or life threatening effects (i.e. lipodystrophy and lactic acidosis 

related to use of d4T) [4]. As discussed in the introduction there have been considerate advances in the 

adverse effect profile of individual ARVs over time moving towards options that have a high level of 

tolerability and where toxicities are most commonly seen only in a subset of those on the drug [6].  

Identifying those that develop toxicities, may however be challenging, but D:A:D and other large studies 

have used the heterogenicity and extended follow-up time of study participants to develop prediction 

scores that may aid the clinical decision making, as will be discussed in more detail below [33, 34, 52]. Further, 

some toxicities are common for all ARVs within a class (class-effect) such as gastrointestinal adverse effects 

related to PIs, whereas other seem specific for only one or more of the ARVs within the class such as 

indinavir (IDV), and ritonavir boosted lopinavir (LPV/r) and darunavir (DRV/r) for CVD and IDV, LPV/r, ATV/r 

for CKD, as discussed in more detail in the below chapters [6, 53, 54]. Whilst some adverse effects appear 

reversible upon discontinuation of the offending ARV i.e. CNS toxicity related to DTG others are not i.e. 

lipodystrophy related to d4T use. For other ARVs, where the adverse effects are cumulative in nature the 

reversibility potentials are less clear, we examine some of these effects in more details in papers 5 and 10 

for renal and liver outcomes [35, 55].                                                                                                                                               

In addition to screening for adverse drug reactions and potential drug-drug interactions, modern HIV care 

include regular screening for a broad range of comorbidities seen at increased frequency in PLWH including 

several cancers, CVD, mental illness, metabolic syndrome and renal, liver and bone impairment [6]. Where 

risk estimations are available these are recommended [4, 33, 34, 52]. In addition to manifest organ diseases,  

use of more dynamic/earlier markers of organ dysfunction, have in recent years been adopted into the 

screening and management guidelines of PLWH i.e. rapid progression (RP) of renal function, for which we in 

D:A:D has developed a formalised definition [6, 56, 57].  Lifestyle factors including exercise, diet and all types of 

abuse should also be regularly assessed, as should social factors and issues related to sexual health. 

Additional regular screening focuses on diagnosing co-infections such as tuberculosis, viral hepatitis and 

sexually transmitted infections [6]. 
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Chapter 4 Comorbidities in PLWH 

This chapter provides a short general introduction to comorbidities in PLWH and is followed by three 

chapters discussing the major disease entities of the kidneys, heart and liver and their relation to ART and 

other risk factors in more detail.                                                                                                                                      

In 2014 the D:A:D study showed that mortality rates declined for most individual underlying causes of 

death over time from 18 per 1000 PYFU in 1999-2000 to 9 per 1000 PYFU in 2009-2011, Figure 3 [16]. 

Figure 3, Temporal Changes in Mortality Rates in PLWH in D:A:D 1999-2011 [16] 

 

AIDS was the most common individual cause contributing 29% of the death, followed by non-AIDS cancers 

(15%), liver related death (13%) and CVD (11%). Because of these significant improvement in survival due to 

ART the age distribution of PLWH also changed significantly, in 2014 10% of all individuals were older than 

60 years, Figure 4. 

Figure 4, D:A:D Data Merger 16 Age Distribution of Study Participants, Unpublished data
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Several cohorts in England/Ireland (Pharmacokinetic and clinical Observation in PeoPle over fiftY, POPPY, 

and COmorBidity in Relation to AIDS, COBRA), the Netherlands (AGEhIV and COBRA), Italy (Geriatric 

patients living with HIV, GEPPO) and Denmark (COpenhagen COMObidity in HIV-infection, COCOMO)) are 

dedicated to compare rates and risk factors for non-AIDS comorbidities between PLWH and HIV-negative 

controls and to study the impact of ageing [58-62]. In 2014 the AGEhIV study described that PLWH had higher 

prevalence of several non-AIDS morbidities including hypertension, CKD and CVD compared to matched 

HIV-negative controls [60]. For all age-groups PLWH also had a higher burden of comorbidity i.e. for those 

older than 65 years more than 30% of PLWH had more than three comorbidities compared to 15% of the 

controls, and a mean of 1.3 (standard deviation, SD 1.14) non-AIDS conditions in PLWH vs 1.0 (SD 0.95; p 

<0.001) in controls [60]. Other studies in Europe and the US have reported similar findings of PLWH being 

disproportionally affected by a wide range of comorbidities [58, 63-66].  The reason for the discrepancy 

between persons with and without HIV is multifactorial, as will be discussed in detail in the following 

chapters for CVD, CKD and terminal liver failure. A collaboration between AGEhIV and POPPY described that 

many of these comorbidities in PLWH are seen in non-random disease clusters suggesting a common 

underlying pathogenesis [67]. With increasing age rates of several comorbidities in PLWH increase, although 

this is not specific for PLWH, this is key to acknowledge for the clinical managing [60, 68].  A 2015 study 

estimated that the proportion of PLWH with >1 comorbidity would increase form 29% in 2010 to 84% in 

2030, similarly the proportion with >3 comorbidities would go from 0.3 to 28% [69]. The Swiss HIV Cohort 

Study (SHCS) found that on third of the cohort received at least one non-HIV co-medication, and 14% of 

those older than 65 years received more than four concomitant non-HIV co-medication most commonly a 

lipid-lowering agent, ACE-inhibitor, other antihypertensives and antiplatelets [68]. A recent study by POPPY 

also confirmed high rates of potential drug-drug interactions in older PLWH compared to younger PLWH 

and to HIV-negative controls [70].  The EuroSIDA study showed in 2018 an increase in the overall prevalence 

of several comorbidities including CVD (3.7% to 5.0%) and CKD (4.1% to 6.9%) in PLWH from 2006 to 2014 

[71]. However, in fully adjusted models this increase could largely be attributed to increased age for CVD and 

to age and other CKD risk factors such as diabetes and hypertension for CKD [71].  The extent to which HIV 

may impact on the normal ageing process and increase risks of age‐related comorbidities in PLWH remain 

conflicting with some studies suggesting PLWH develop these conditions at younger ages than HIV-negative 

controls, while others have not found support of an age-accelerated effect of HIV [64-66]. The EACS 

Guidelines have specialised in providing recommendations for a multifaceted approach to comorbidities 

and drug-drug interactions and provide HIV-specific age cut-offs for screening [6].                                                      

As will be discussed in detail in paper 7,  investigating clinical outcomes after CKD, many of the 

comorbidities seen at higher rates in PLWH have closely related risk profiles, suggesting that effective 
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interventions focused against these common predictors such as smoking, diabetes, dyslipidaemia and 

hypertension may have a wide-ranging impact of HIV-related morbidity and mortality [6, 72, 73].  
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Chapter 5 Renal disease in PLWH (papers 1-7) 

Over the past approximately 10-15 years several studies have documented that PLWH in diverse settings 

are at increased risk of developing CKD compared to the general HIV-negative population [58, 60, 74-78]. The 

risk factor profile for CKD in PLWH is complex with an interplay between multiple factors; HIV virus itself, 

immune suppression, genetic predisposition, nephrotoxic ART,  viral hepatitis and traditional risk factors 

such as diabetes and hypertension [25, 31, 36, 37, 42, 57, 79-84]. In a recent analysis from the COCOMO study 

including only Caucasians without illicit drug use or viral hepatitis coinfection and fully virally suppressed on 

ART, we found that PLWH still had a higher CKD prevalence compared to matched HIV-negative controls 

(3.7% (IQR 2.3-5.5) vs 1.7% (1.2-2.2), p=0.001), and HIV status was independently associated with CKD 3.4 

([1.8-6.3]) especially in older persons (p for interaction 0.02) [58].  Renal function declines with age whilst the 

prevalence of several traditional renal risk factors increases with age, as a consequence of an increasing 

proportion of ageing PLWH the incidence of CKD is increasing making it imperative to optimise primary and 

secondary prophylaxis [85].  

The most common HIV-related pathologies include classical HIV-associated nephropathy (HIVAN), non-

collapsing focal segmental glomerulosclerosis and immune-complex kidney disease [86]. Classical HIVAN is 

associated with a high risk of progression to ESRD and mortality, and is predominantly (18-50 times more 

frequently) seen in PLWH of West-African origin due to a genetic predisposition related to high-risk  

variants of apolipoprotein L1 (APOL-1) on chromosome 22  [82, 87, 88]. These genetics variants are thought to 

be an evolutionary remain offering innate protection against Trypanosoma brucei brucei infections [88].The 

lack of such genetic risk alleles in PLWH of East-African origin, has been linked with a low overall 

susceptibility of HIVAN in Ethiopians, although other factors (genetic, viral, or environmental) also 

contribute to HIVAN [86, 89].  While the incidence of HIVAN has declined due to effective and early cART 

other renal pathologies in PLWH are increasing with a heterogenous presentation [86, 90-93]. HIVAN may 

further not be completely reversible despite effective treatment [90]. The APOL1 high-risk genetic variants 

also represent a particular fragile genotype for other types of CKD [89, 94]. The exact mechanisms by which 

APOL1 increases CKD risk in both HIV-positive and negative persons remain under investigation [88].  

The papers of my 2013 Ph.D. thesis [25, 36, 37, 95, 96] focused on describing the incidence of various levels of 

CKD and disentangling the impact of individual traditional renal risk factors, ART and HIV related factors. 

While we found that in the predominantly white and male dominated cohorts of D:A:D and EuroSIDA CKD 

stage 3 (moderate CKD) had an incidence close to 1 per 100 person-years of follow-up (PYFU), more 

advanced levels of CKD (stages 4-5) and ESRD were much rarer with an incidence around 1 per 1000 PYFU 

[25, 37, 96]. We also showed that use of TDF, ATV and lopinavir (LPV) were independently of other factors 
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significantly associated with increased rates of renal impairment. This had already in part been shown in 

the EuroSIDA study a few years earlier, but with only 2 years of cumulative exposure rates, the D:A:D 

supplemented those findings by adding longer exposure time and showing an association in individuals 

with an initially normal renal function, suggesting these adverse drug effects were not depending on pre-

existing renal impairment [37]. We also described that these ARV associations with renal function were 

independent of a combined use with each ARV contributing between 11-19% increased renal risk per 

additional year of use [37]. We were; however not able to show an association between use of these ARVs 

and development of  more advanced levels of CKD and ESRD, most likely due to high rates of switches away 

from these ARVs as renal function declined [36, 37]. Instead we identified diabetes, hypertension, lower 

baseline renal function, smoking, CD4 count and increased CVD risk as main predictors for CKD stages 3-5, 

while female gender, substance abuse as risk of HIV acquisition, CD4 count and prior AIDS most strongly 

predicted progression  from a normal renal function [36, 37]. We also described how progression to advanced 

CKD and ESRD was rare in those without prevalent traditional renal risk factors (2 per 10,000 PYFU)[36].                                                          

With an additional maturation of the D:A:D dataset (systematic creatinine collection was not initiated in 

D:A:D before 2004) we gained adequate power to assess other pertinent questions related to CKD in PLWH 

including impact of immune suppression, use of newer ARVs, reversibility potentials, 5-years prediction of 

CKD and CKD-related complications as described in detail in the following sections.  
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CKD and HIV-related immune suppression (papers 1 and 2)                                                                                                                               

Several studies, including our earlier renal studies from D:A:D, showed that immune suppression, expressed 

as a low CD4 count, is an important predictor for CKD in PLWH independently of AIDS events, HIV viremia 

and use of nephrotoxic ART [34, 36, 37, 52, 82, 84, 97]. Likewise, in the START renal sub-studies we described that 

the prevalence of CKD in PLWH with preserved immune function is relatively low [98], and that immediate 

ART initiation with two years median follow-up was associated with a slightly higher median eGFR and 

lower levels of proteinuria compared to deferring ART [42]. Obviously longer follow-up data in START is 

required to address if this observation will also translate into lower CKD risks on the longer term, or if the 

contribution of nephrotoxic ART will modify this relation over time.   

During a review in 2014 (paper 2) we found that data describing the exact nature of the negative 

association between various measures of immune suppression and CKD was incomplete and focused 

almost exclusive on severity of immune suppression [99]. A study from 2010 based on the control arms of 

the ESPRIT and Subcutaneous Recombinant, Human Interleukin-2 in HIV-infected Patients with Low CD4+ 

Counts Under Active Antiretroviral Therapy (SILCAAT) trails did however find that latest CD4 count over 

other CD4 metrics most strongly predicted serious non-AIDS events (including ESRD), but was limited by 

only 8 renal endpoints [97]. It also remained unclear if immune-related CKD changes had a potential to 

resolve if the immune function was restored. We therefore constructed the study of paper 1 to investigate 

the association between different measures of impaired immune function (severity, duration and recovery) 

and CKD incidence profiting from the large size and heterogeneous composition of the D:A:D study [100].  

Severity, duration and recovery of immune function                                                                                                       

During a median follow-up time exceeding eight years we found that all measures of immune suppression 

severity (CD4 count at baseline, current CD4 count, 6-months’ time-lagged CD4 count and nadir CD4 count) 

and all measures of immune suppression duration (percentage of follow-up time, %FU, with CD4 count 

<200 cells/mm3 and years with CD4 count <200 cells/mm3) showed approximated linear relations with 

declining CD4 count levels and longer time of immune suppression, Figure 5 [100]. For the severity measures 

there were no additional differences in the CKD incidence rates as CD4 counts increased >500 cells/mm3. 

Similarly, the CKD incidence declined linearly with increased levels of recovery (baseline CD4 count <200 

cells/mm3  followed by current CD4 count >500 cells/mm3 (5.3 [3.0-7.6]) compared to those without 

recovery (11.3 [9.1-13.6]), suggesting that immune reconstitution for CKD is around this level, and that the 

immunesupression related impact on CKD may at least in part be reversible. In comparison a 2013 study 

from Collaboration of Observational HIV Epidemiological Research Europe (COHERE) found that immune 
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reconstitution levels for AIDS events was at CD4 counts >750 cells/mm3 [101]. For CKD it now appears this 

threshold is slightly lower [100]. 

Figure 5, CKD Incidence Rates Stratified by Different Measures of Immune suppression [100]

 

In unadjusted analysis we found that all the considered measures of immune suppression were significantly 

associated with increased rates of CKD (all p<0.01). The strongest association (judged by the magnitude of 

the association and the AIC, where a lower values indicates a better model fit) was seen for nadir CD4 

count (>500 vs. <50 cells/mm3, incidence rate ratio 0.43 [0.36-0.51], AIC 40814), %FU CD4 count <200 

cells/mm3 (0% vs. >25%, 0.63 [0.56-0.75], AIC 40921) and latest CD4 count (>750 vs. <50 cells/mm3, 0.56 

[0.48-0.66], AIC 40943).                                                                                                                                                                                                 

After we adjusted for the non-immunological variables included in the D:A:D CKD risk score (see paper 6), 

we found the strongest predictor of CKD was the relative duration of immune suppression expressed as the 

%FU CD4 count <200 cells/mm3  (0% vs. >25%, 0.77 [0.68-0.88], AIC 36262) and immune suppression 

severity with nadir CD4 count (>500 vs. <50 cells/mm3, 0.77 [0.64-0.93], AIC 36304).                                               

Whist this data suggest that immune suppression duration is statistically speaking the strongest CD4 count 

predictor of CKD, you could argue that severity of immune suppression, and nadir CD4 in particular, may be 

easier to use in every day clinical practice [34, 52]. In adjusted analysis, CD4 nadir was only very marginally 

inferior as a predictor of CKD compared to immune suppression duration and may be used as an alternative 

[100]. 

We further described a significant (p = 0.002) interaction between %FU CD4 count <200 cells/mm3 and the 

D:A:D CKD risk score with those at the lowest estimated CKD risk had greater relative impact of a longer 

duration of immune suppression (0.45 [0.24-0.80]) compared to those at highest estimated CKD risk and 

longer duration of immune suppression (0.80 [0.70-0.93]), Figure 6. This finding suggest that immune 
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suppression has the greatest relative impact on renal function in persons at low estimated renal risk such as 

those without comorbid conditions such as diabetes, hypertension, viral hepatitis co-infection or advanced 

age [100].  

Figure 6, CKD Incidence Rate Ratio and % Follow-up Time with CD4 Count <200 cells/mm3             

Stratified By The D:A:D CKD Risk Score [100]

 

Mechanistics                                                                                                                                                                           

In terms of mechanistics, prior studies have suggested a close relation between CKD and several markers of 

HIV-related increased inflammation and coagulation activation [97, 102-107].  ART initiation has been shown to 

decrease both renal and inflammatory biomarkers, while ART disruption in SMART increased such markers 

suggesting that ART-related improvement in immune function, viremia, inflammation and coagulation 

activation is essential as renal protective measures in PLWH [104, 106, 108-110]. Even is the absence of HIV 

infection CKD and progression hereof is closely associated with increased inflammation, which has further 

been linked to the increased risk several CKD-related complications including CVD and mortality (see papers 

7 and 8) [111-116] . Inflammation and increased coagulation activation may theoretically impact several of the 

renal structures including the vascular structure itself and the interstitial space in turn leading to 

diminished renal function [107, 116]. Several trails have investigated impact on use of different anti-

inflammatory immune boosting interventions such as dipeptidyl peptidase-4 (DPP-4) inhibitors, statins and 

interleukin-2 (IL2) in PLWH with somewhat conflicting results, and those with potentially promising 

outcomes have been limited by relatively small size and short FU and require validation in larger settings 

[111, 117-122]. Such trials are pivotal in PLWH where inflammation is already increased and are likely to further 

worsen under progressive CKD [106, 107, 116].    
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Conclusion, limitations and perspectives                                                                                                                                                                                        

Both RCTs and observational studies have described a robust and independent risk of CKD due to HIV-

related immunesupression. Recent data from D:A:D have extended this knowledge by showing that both 

severity and duration of HIV-related immune suppression adversely impacts renal function [100]. The D:A:D 

analysis was limited by the lack of systematic collection of CD8 count, data on proteinuria and genetic 

predisposition to CKD. In future analyses it would be relevant to test if the CD4 association we described 

here differ according to CKD stage, however this analysis was dominated by persons with moderate levels 

of CKD and only 46 ESRD cases. The immune suppression related CKD risk appears to be at least partly 

reversible if the immune function is restored. Early initiation of ART, and maintaining high levels of ART 

adherence therefore appear to be central in diminishing risks of immune-related CKD [40, 42, 102, 106, 109]. 

However, as immune suppression is not the only HIV-related parameter impacting the long-term renal 

prognosis in PLWH the gains of this aggressive treatment strategy on immune function, increased 

inflammation, coagulation activation, viral suppression and AIDS events will in future works be analysed 

against the potential risks of accumulating drug toxicities [42, 99].  
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CKD and adverse effects of ARVs (papers 3 -5) 
 

A very high number of publications have reported findings on potentially nephrotoxic ARVs ranging from 

case reports, over small single center cross-sectional studies, to large prospective cohort studies with 

extended follow-up time and RCTs [57, 78, 123-131]. While initial RCTs reported good overall safety of TDF it soon 

became increasingly evident in real life experience that there was a potential renal safety concern, albeit 

only affecting a smaller proportion of all those exposed [127, 130-142]. In addition to having another primary 

aim, fairly small study sizes and relatively short follow-up time in most drug-discovery RCTs a likely reason 

for this apparent discrepancy is that ART-associated renal impairment is more frequent in individuals 

commonly excluded from such trials e.g. ageing individuals, those with co-morbidities and those using 

concomitant drugs with risk of drug-drug interactions (e.g. NSAID or PI/b) [125, 142-149]. The 2013 SWITCH trial 

supported this assumption by showing that co-morbid persons randomised to switch from ABC to TDF had 

a negative impact on eGFR already throughout the 48 weeks follow-up [150].  

ART-associated renal impairment has been estimated to constitute 0.5–14% of all cases of renal 

impairment in PLWH, depending on the presence of other renal risk factors and the ARVs used, and 

therefore an important factor to consider in the prospects of early and life-long ART [86, 142, 143, 151, 152].  

Depending on the initial renal function and the type and burden of renal risk factors CKD may take several 

years to develop [153] . As such studies investigating ARV-related nephrotoxicity without considerations of 

being adequately powered in terms of size and follow-up time must be interpreted with caution as the risk 

of type II errors are increased [142] . 

As discussed in the renal introduction above in 2011 we showed that longer use of TDF, ATV/r and LPV/r 

were independently associated with development of chronic renal impairment, CRI (confirmed, >3 months 

apart, eGFR <70 mL/min/1.73m2) in individuals with an initial normal renal function (eGFR >90 

mL/min/1.73m2) [99]. As a large proportion of individuals were; however, actively switched away from these 

ARVs as their renal function declined, we were at the time not able to fully determine if longer use of these 

drugs would be also be associated with progression to CKD (confirmed eGFR <60 mL/min/1.73m2) from 

initial normal function. Furthermore, particularly RCTs with limited follow-up suggested that TDF-related 

decline in eGFR was limited to the first month’s use (suggesting one-hit phenomenon seen only in those 

genetically predisposed), while several, primarily observational studies, suggested that TDF and PI-related 

renal effects were cumulative in nature [57, 130, 154-157]. However, it was not understood if this cumulative 

association would remain also after several years of use, or if levels would ultimately be reached upon 

which additional use would not cause further decline in renal function.             
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Current and cumulative use of ART and risk of CKD (paper 3)                                                                                                                                                                                

To help clarify the nature of the relationship between longer treatment duration with nephrotoxic ARVs on 

risk of incident CKD in 2016 we reassessed our prior 2013 D:A:D analysis in which persons with an initial 

normal renal function progressed to chronic levels of renal impairment (CRI: eGFR<70 and CKD: eGFR<60 

mL/min/1.73m2, confirmed > 3 months apart) [37, 85]. In this updated analysis an additional 1,302 persons 

(23,905 vs. 22,603 persons in the original publication) were included with an increase in median follow-up 

from 4.5 (IQR 2.7-6.1) to 7.2 (IQR 5.1-8.9) years [37, 85]. The absolute number of incident CKD endpoints more 

than doubled from 131 (0,6%, Incidence rate 1.33/1000 PYFU [1.10-1.56]) in the initial publication to 285 

(1%, 1.76/1000 PYFU [1.56–1.97]) in the updated analysis, wherefor CKD was made the primary outcome. 

With this additional power we were able to show that the association between more extended use of TDF, 

ATV/r and LPV/r and CKD was indeed cumulative in nature with a year-on-year steadily increase in 

incidence with longer follow-up time for all the ARVs, Figure 7. As such we found no indications that the 

drug-associated renal impairment levels off with more extended use, and confirmed a robust drug 

association compared to that originally shown for progression to the milder CRI endpoint (TDF-CKD 1.14 

[1.10-1.19] vs TDF-CRI 1.18 [1.12-1.25], ATV/r-CKD 1.20 [1.13-1.26] vs ATV/r-CRI 1.19 [1.09-1.32] and LPV/r-

CKD 1.11 [2.06-1.16]) vs LPV/r-CRI 1.11 [1.05-1.17] per additional year use). These associations further 

remained unchanged after censoring any exposure to the other nephrotoxic ARVs used (i.e. any follow-up 

time spend on ATV/r was censored for the TDF analysis and vice versa) confirming incident CKD is not co-

dependent on exposure to both the PI and NRTI drug class.  

The finding of a steadily increasing CKD incidence in individuals under prospective follow-up in D:A:D with 

an initial normal renal function from 0.11% [0·07–0·15] at 2 years to 1.46% [1.26-1.66] at 8 years underlines 

the importance of systematic screening [6]. Over a five-year period, risks of CKD will almost double (IRR 

1.94) if individuals stay on TDF, increase 2.44 times if on ATV/r and 1.66 times if on LPV/r independently of 

any other factor. If an underlying absolute CKD risk is low (i.e. in a young persons without co-morbidities or 

co-infections) a doubling in CKD risk due to TDF may still be a low overall risk, but these data illustrate the 

importance of weighting potential risks and benefits of individual ARVs based on the individual risk profile, 

(see paper 6) [34]. The reported effect size of TDF on CKD risk in other large studies such as the veterans 

affair (VA) cohort was higher than in D:A:D (33% per years use), likely reflecting progression from different 

levels of initial renal function and including earlier time periods where TDF discontinuations were possibly 

somewhat lower due to less knowledge of the nephrotoxic properties [57]. In the same study the VA cohort 

also found increased risk of proteinuria (34% per years use) and RP of eGFR (11% per years use) in PLWH 

exposed to TDF [57]. 
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Figure 7, Crude Incidence Rate of CKD per Longer use of ARVs with Nephrotoxic Potentials [85] 

 

 

We did not find an association between CKD and other PI/r after adjustment, suggesting there was no 

effect of the ritonavir (RTV) boosting itself on CKD risk. RTV has been shown to inhibit creatinine secretion 

and may artifactually decrease eGFR, but the renal function declines investigated in this analysis (per 

definition a delta of minimum 30 mL/min/1.73m2 going from eGFR >90 to <60 mL/min/1.73m2) were of a 

such a magnitude that minor artifactual increase related to RTV did not in itself impact CKD risk. Since, we 

have shown that use of RTV in boosting doses does not significantly impact use of creatinine based eGFR 

equations [158] .  

The other PI/r group consisted of both older and newer PIs in whom follow-up was too limited to 

investigate CKD associations independently at the time.                                                                                                                                                                                       

In the 2013 analysis we saw trends of an association with ABC, which was possibly related to channeling 

reflecting those changing from TDF to ABC with declining eGFR levels. In the updated analysis there were 

no significant association with ABC.           
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Use of contemporary PIs and risk of CKD (paper 4) 

In 2017 we had accrued additional power to reliably investigate impact on ritonavir boosted darunavir/r 

(DRV/r) on CKD risk [54]. As DRV/r was not widely implemented as part of routine clinical care in Europe 

before 2009 there is considerately less data on potential nephrotoxic properties and only few case reports 

of DRV/r related urolithiasis compared to other PI/r [159-163]. A switch study did however suggested DRV/r 

effects on eGFR trajectories were better compared to other PIs [160]. Recent data comparing outcomes on 2 

drug regimens (2DR) have also indicated favorable impact on renal outcomes on DRV-containing regimens, 

how much this effect is related to exclusion of the TDF component in a 3DR is however not clear[164].  

 

We included 27,675 persons in the analysis of which 28.7% were at low, 35.6% at median and 35.7% at high 

estimated risk of CKD according to the 5 year D:A:D CKD risk score (see paper 6). Median follow-up was 6.8 

years (IQR 5.4-7.1) during which 1,642 persons (5.9%) developed CKD (incidence rate 10.0 [9.5-10.4] per 

1000 PYFU). 

 

Whilst we found the raw CKD incidence increased gradually with longer exposure to ATV/r, the incidence 

with longer DRV/r exposure was more variable, and in adjusted models we saw no significant relation with 

longer DRV/r use (adjusted incidence rate ration 1.0 [0.8-1.3] after >4 years use vs. never exposed), Figure 8 

[54]. In contrast, ATV/r remained associated with increased CKD despite increased rates of discontinuing 

ATV/r at declining eGFR levels and increased estimated CKD risks. Discontinuation of DRV/r use was in 

contrast largely unaffected by eGFR levels and CKD risks. This lack of a gradual or equally strong association 

between DRV/ and other PI/b after almost seven years median follow-up argues against a PI group effect 

on CKD risk. As DRV/r has a propensity to precipitate in urine (see below regarding potential mechanisms), 

it is however not possible to exclude the possibility that there is an association between DRV/r and CKD, 

but that this only emerges with very extended drug use, although our data did not indicate any gradual 

year on year relation [163].                                                 
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  Figure 8, Use of ATV/r and DRV/r and crude incidence of CKD [54]

 

The strength of the ATV/r related CKD risk shown in 2017 was smaller than previously shown [37, 85]. This 

decrease is likely related to the greater awareness of the nephrotoxic potential of ATV/r in more recent 

years, which are highlighted in international guidelines, and supported by high rates of switching away from 

ATV/r in PLWH with high predicted CKD risks and/or declining eGFR levels [34, 85, 144, 160]. 

 

Proposed mechanistics of ARV-related nephrotoxicity 

Adverse renal effects of ARVs may arise in a number of different ways as schematically illustrated in Figure  
9 [99] 
 

Figure 9, Schematic drawing of a nephron with presumed points of attack for ARVs [99] 
 

 
Some PI/b may cause renal impairment by precipitation in urine and cause crystalluria, urolithiasis and 

interstitial nephritis [86, 99, 123, 124, 129, 153, 165]. Interstitial nephritis is a common finding in biopsies of PLWH and 

can be related to use of several different drugs [86, 166]. The proportion of a PI/b that is renally excreted differ 
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for the individual PIs, and may reflect some of the differences in the propensity to cause renal impairment 

[99, 163].  

TDF may also directly impact renal function by accumulation in proximal tubular cells causing mitochondrial 

toxicity and tubular dysfunction [95, 99, 167-170]. Several studies have further suggested that certain single-

nucleotide polymorphisms (SNPs) in the renal tubular drug efflux transporters are associated with 

increased risk of TDF tubulopathy [171-174]. While these findings still need external validation in other studies 

these findings may contribute to determining why only some individuals develop TDF-associated CKD. 

Investigations of the interplay between such genetic pre-dispositions and comorbid conditions such as 

diabetes, hypertension, immune suppression and viral hepatitis co-infection are starting to be undertaken, 

i.e. in a recent study based on the Swiss HIV cohort we found that the genetic profile seems to play a large 

role of CKD development in PLWH (see discussion on paper 6) [175]. In time if commercial test become 

available this may become an important contributor to help tailor ART also according to the genetic risk 

profile. In addition to an impact on genetic pre-disposition, an animal study suggested gradual 

accumulation of TDF within the renal cortex with longer use [155], which may explain the cumulative 

relations observed.  

Several studies have shown that individuals exposed to a combinations of TDF and PI/b experience greater 

declines in renal function compared to those on a combinations with a NNRTI[145, 176, 177]. We and others 

have as described above; however, shown that concomitant PI/b and TDF use is not prerequisite for 

nephrotoxicity [85, 163, 178]. 

Some ARVs may also cause renal impairment more indirectly mediated by other adverse effect such as 

diabetes and dyslipidemia[179-181]. 

 
Several ARVs (DTG, rilpivirine, RTV and cobicistat) inhibits tubular creatinine secretion (acting via the OCT2 

and MATE 1 +2 transporters) and can cause artifactual increases in plasma creatinine as also described for 

trimethoprim [144, 182]. As discussed above for RTV boosting doses this is less of a practical issue [158]. For the 

other drugs this may, however, be a challenge when co-administered with drugs with nephrotoxic 

properties. The artifactual eGFR increase is approximately 10-15 mL/min/m2 and seen early after the drugs 

are started, wherefore a new renal baseline set-point is recommended after 1-2 months [144]. Changes in 

muscles mass (i.e. due to wasting or intense body building) or intake of creatinine may also artificially 

impact plasma creatinine and are important to consider as potential causes of measurement bias. If there 

are concerns about using a creatine-based eGFR estimation an alternative may be to use a cystatin C based 

eGFR estimation. 
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Whilst the majority of publications on ART-related nephrotoxicity is derived from Europe, North USA and 

Australia consistent and primarily observational data have in recent years also been reported from Asia and 

South America [136, 183-185]. Studies investigating ART-related nephrotoxicity in African and particularly sub-

Saharan Africa setting, which is one of the epicenters of the infection, are generally more heterogenous 

than in many other regions [77, 178, 186-192]. While some of these African studies are well-designed and of an 

adequate size to allow for reliable conclusion, many suffer from considerate methodological issues [77, 178, 

186-192]. In addition, there are considerate challenges related to use of standard creatinine based eGFR 

equations (e.g. CG, MDRD, CKD-EPI) in Africa settings as these, due to a significantly different body 

compositions of PLWH in Africa, are ill-fitted and underestimate CKD risks [193, 194]. In two large studies in 

Zambia and South Africa eGFR outcomes differed significantly according to baseline eGFR, in that those 

with pre-existing renal impairment improved on TDF based ART (by reverting HIV-related impairment) 

whereas those with normal to mild renal function experience an eGFR decline over time (toxicity, see figure 

2 in chapter 3) [178, 186], but neither formally assessed interactions between TDF and baseline eGFR. Such 

competing pathologies may be particularly relevant in west-Africa due to the genetic pre-disposition to HIV-

related CKD and may account for some of these inter-study differences [82]. A recent French study showed a 

significant interaction between TDF use and ethnicity (p = 0.03) for risk of proximal tubular dysfunction 

(PTD) in which TDF was only associated with PTD in those of non-Africans origin [195]. A large British study 

from 2017 also found white ethnicity to be major risk for TDF related tubulopathy. These findings are 

intriguing and needs further investigation in large studies of PLWH with diverse ethnic background. Further, 

it remains unclear if similar ethnic differences may apply to ATV/r and LPV/r. 
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           eGFR Outcomes After Chronic Renal Impairment and relation to nephrotoxic ARVs (paper 5)                                 

 Having seen increasing CKD incidence over time with higher CKD incidence in PLWH, and having identified 

potential predictors hereof including use of several ARVs, the natural next pertinent step is to analyse what 

happens to renal function after chronic impairment has developed [58, 60, 85]. In particular, understanding the 

potential impact of discontinuation of the ARVs with nephrotoxic properties on subsequent renal prognosis 

is crucial for clinical management and monitoring recommendations [99]. 

Experience from studies of non-ARV nephrotoxicity including aminoglycosides have shown that drug-

induced tubular or interstitial renal damage is reversible when recognised early, the causative drug is 

discontinued, low cumulative doses are administered and the exposed individual has no/few comorbidities 

[35, 196-201].  

There are; however, several methodological challenges related to investigating potentials of “reversibility” 

of renal impairment. The lack of a unifying definition of reversibility is evident from the literature which is 

dominated by case reports and several different analytical approaches [152, 196, 202-208]. A small FDA study 

based on volunteer adverse event reporting found that everyone discontinuing ATV due to acute renal 

impairment and urolithiasis subsequently improved renal function [209].  A British study investigated eGFR 

slopes before initiation, under and six months after discontinuing TDF, and has the advantage of using all 

available eGFRs and not requiring a lot of power [210]. They found that discontinuation of TDF caused 

significant improving in mean changes in eGFR slope. However, in addition they reported that 39% did not 

experience full eGFR recovery at six months. An issue with analysing reversibility/recovery of renal function 

is that increasing age and declining renal function are closely related [211]. Further, several co-morbidities 

causing progressive renal impairment (i.e. diabetes and hypertension) are common in PLWH with chronic 

renal impairment. When analysing longitudinal data on renal function the effect of age and comorbidities 

needs to be taken into consideration, as it will be unlikely regardless of any drug discontinuation for the 

renal function to return to earlier pre-treatment levels. Despite this important limitation several studies 

have still concluded incomplete recovery after TDF discontinuation as only some subsequently reached 

their pre-exposure eGFR levels [152, 156, 204, 207, 210].                                                                                              

Additionally, many studies reporting on renal outcomes after ARV discontinuation have only been small in 

size, with limited follow-up and many have focused on acute and/or mild impairment [152, 196, 202-209].                                                                                                                                                     

When looking at outcomes after chronic renal impairment another challenge is the duration of the 

impairment, as such longstanding chronic disease is less likely to improve (due to formation of 

nephrofibrosis) than those with a shorter disease course. In our 2017 analysis on renal outcomes (paper 7) 

we therefore only included individuals with initial progressive renal disease [37, 56, 152]. Related to the 

challenges of high ARV discontinuation rates already before eGFR declined below 70 mL/min/1.73m2, we 
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further decided to re-use the CRI endpoint from our 2013 JID paper as the primary outcome, but ART status 

was estimated at 24 months after the CRI diagnosis to allow for assessment of drug switches at and around 

the time of CRI [35, 154]. We compared the median of all eGFRs measured 24-36 months post-CRI to the 

median eGFR defining CRI, and grouped eGFR outcomes into improvement (>+10 mL/min/1.73m2), 

stabilisation (-10 to +10 mL/min/1.73m2) and progression (<-10 mL/min/1.73m2). Our study therefore has a 

clear advantage of being the only study to date with longer term renal outcomes and using confirmed renal 

measures of renal outcomes in a large diverse population.  

Of those with CRI the majority (67%) stabilised renal function, a large proportion (21%) improved, and the 

smallest proportion (12%) progressed. Individuals remaining on TDF or ATV/r after a diagnosis of CRI had 

worse long term eGFR outcomes compared to those unexposed to these ARVs (TDF: 0.47 [0.35-0.63], 

ATV/r: 0.63 [0.48-0.82]). However, individuals who discontinued these ARVs, and had been off TDF for 12-

24 months (0.75 [0.50-1.13]) or off ATV/r for more than 12 months (1.17 [0.87-1.57]) had similar eGFR 

outcomes as those unexposed to these ARVs, Figure 10. Results for LPV/r did not reach statistical 

significance.  

This data suggests that the eGFR declines observed for TDF and ATV/r may not represent irreversible renal 

tissue damage as the ARV-related impairment may be halted or reversed after their cessation. As our data 

suggest the TDF related nephrotoxicity takes time (>12 months) a too short follow-up may therefore in 

addition to the methodological issues discussed above be some part of the explanation for the large 

proportion with incomplete eGFR recovery at 6 months in the British study [210]. Since our publication only a 

small single center Polish study has studied TDF reversibility. Using a less rigorous definition of reversibility 

after CKD they confirmed a large proportion subsequently improved renal function after TDF 

discontinuation [212].  While the bulk of data suggests that with appropriate monitoring and management at 

least some of the excess renal risk among PLWH can be modified [34, 52]. However, we did find a concerning 

interaction between TDF and age, suggesting that odds of a better eGFR outcomes associated with 

discontinuing TDF were decreased for individuals older than 50 years. This finding emphasises the need for 

focusing on declining renal function in particular in those on TDF older than 50 years due to a lower 

regenerative potential.  
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Figure 10, Adjusted Odds of better renal outcomes after CRI  

according to use of TDF and ATV/r [35] 

 

 

 

We were, however, unfortunately not able to clarify if there is a threshold nadir eGFR level in PLWH, below 

which better renal outcomes after discontinuation of ARVs will no longer be possible. Evidence from the 

general population points to having lost a critical number of nephrons will initiate an irreversible 

progressive process with accelerated loss of nephrons resulting in needs of renal replacement therapy [213]. 

The British study in PLWH indicated that such a level may exist for ART-nephrotoxicity as lower eGFR levels 

after TDF discontinuation were associated with higher risks of incomplete renal function recovery at six 

months, but were also not able to specify any nadir value [210]. While this question is key, it will not be 

ethically to study impact of nadir eGFR levels in prospective studies, and with guidelines recommending to 

consider changing away from ARVs with nephrotoxic properties in case of increasing levels of urine protein 

to creatinine levels, rapidly decreasing eGFR levels, high CKD risk, low body weight and eGFR <60 

mL/min/1.73m2 it is unlikely to be addressed systematically in future studies [86, 144].  

We were unable to reliably evaluate if the impact of longer cumulative duration of TDF and ATV/r exposure 

on the odds of better renal outcome, but a small Australian have suggest those with shorter TDF duration 

were more likely to improve median renal function [152]. Likewise the British study suggested more-

prolonged exposure to TDF were associated with an increased risk of incomplete renal recovery 6 months 
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after discontinuation of TDF [210]. It will be relevant to reassess this question in adequately powered studies 

with long follow-up 

As the D:A:D study does not collect data on proteinuria or other tubular markers we were unable to assess 

the reversibility potential related to tubulopathy, but a small US case-control study by Gupta and 

colleagues have suggested that TDF-related tubulopathy is easier to resolve than TDF associated eGFR 

decline [214].                                                                                                                                                                                     

The impact of the eGFR slope (fast vs slow) before CRI was not found to be associated with renal outcomes 

in our study, which contrasts findings from the small Australian study, were a faster eGFR decline had 

better (median) eGFR outcomes [152]. The requirement of an active progression to CRI in our analysis may 

have impacted the slope asessment.                                                                                                                                      

As expected, we showed that progressive co-morbid condition like older age, diabetes and hypertension to 

be independently associated with a worse renal prognosis.                                                                                       

We did not find an association with CD4 count, which may be related to the relatively high CD4 count of 

those included (median 520 cells/mm3), and the interaction between immune suppression and CKD, in 

which immunesupression has a greater impact in those at low CKD risk, and in this analysis everyone per 

definition had progressed to CRI [100]. 

It is a positive finding that more than 20% with CRI had a potential to subsequently improve in renal 

function, similar observations have been done in the general population where reports have suggested that 

up to 15% may improve renal function after CKD stage 3 [213].                                                                                          

While, based on current evidence, it seems plausible that better eGFR outcomes are possible after 

discontinuation of TDF and ATV/r, even after more chronic level of renal impairment have developed, 

additional studies are urgently needed to determine which renal interventions are the most effective for 

PLWH, and at which level of renal impairment they should be initiated (see paper 7). 

 

Conclusions, limitations and perspectives on use of ARVs with nephrotoxic properties and CKD in PLWH 

As observational data continue to dominate the literature of ART-related nephrotoxicity causality cannot be 

inferred. However, several of the Bradford Hill criteria are met supporting a likely causal relation. Firstly, 

the findings have been reproduced in several diverse study settings over more than a decade and in very 

different geographical regions [57, 136, 146, 160, 183, 185, 187].                                                                                                                                             

Further, the drug signals have been confirmed using various different types of renal function measures [57, 

160, 187, 195] and of different types of statistical modelling including marginal structural models [57, 146].                                                                                                                                   

Furthermore studies have also showed an effect of TDF on renal function in other study populations than 

those living with HIV such as HBV mono-infected persons [215] and HIV-negative persons on PrEP [216].                                                                                                                                                                                               
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We have further showed that the ART associations have a cumulative dose-response relationship of a 

significant effect size and that discontinuations of the suspected offending drugs have a positive impact on 

renal function [35, 85, 157, 160, 212, 217].                                                                                                                                                                                                 

Additionally, we have showed specificity of these toxicities, as only use of some PIs and NRTIs were related 

to CKD, and the different ARVs considered have different risks of CKD and different NNTH [34, 54].                                                                                                                                              

Finally, there are in part biological plausible mechanisms described for both the ATV/r, LPV/r and TDF 

associations, although a better understanding including the role of genetic variations in drug-efflux 

transporters, mitochondrial toxicity, interstitial inflammation and impact of ethnicity is warranted  [86, 155, 161, 

168, 218-221].           

Our analyses were limited by not having systematic data available on proteinuria or other tubular markers 

(see chapter on limitations), which may likely have underestimated the true incidence of ARV-associated 

nephrotoxicity. Further, due to the observational nature of the analyses we are unable to capture the 

impact of unmeasured and unknown confounders such as concomitant use of other drugs with nephrotoxic 

potentials, impact of diet including intake of creatinine and of genetic predispositions, as discussed below 

(paper 6) 

In currently years PI/b are becoming less frequently used due to a greater potential of drug-drug 

interactions and adverse drug effects, and several other effective treatment options [144]. Further DRV/r, 

which is currently the only recommended first line PI/b in EACS Guidelines, has not consistently or strongly 

been associations with CKD risks (see paper 4) [54, 144]. This may result in decreased PI-related renal 

impairment in PLWH. For TDF (as for ATV/r and LPV/r) clinicians are, in accordance with current 

recommendations from i.e. EACS and KDIGO switching away in case of emerging signs of renal impairment 

as there are often other viable options including switching to a NRTI-sparing regimen or use of more renal 

friendly options like TAF [86, 144, 222-226]. In addition guidelines provide recommendations how to reduce ARV 

dosing in individuals with different levels of renal impairment, which may theoretically better prognosis in 

those unable to change to other ARVs [86, 144]. 

As discussed in the renal introduction section an association between nephrotoxic ART and ESRD has never 

been established; either due to ART-related renal effects only being moderate in size, due to too limited 

follow-up for rare events and/or due to clinician driven active avoidance of ARVs with nephrotoxic 

properties and switching away from these as renal function declines [35-37, 227].  

In resource limited settings, such as sub-Saharan Africa, the possibilities to monitor renal function are often 

none to limited [76]. The 2010 DART trial argued that routine laboratory monitoring did not have a net 

benefit on mortality, WHO stage 4 events and serious adverse effects in ART-naïve individuals starting 

treatment in Zimbabwe and Uganda [192]. The WHO further underlined that the ability to monitor for 
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markers of toxicity, although desirable, should not be a precondition to starting ART, as benefits are 

believed to greatly outweigh risks of adverse events with current ART regimens [228]. In 2009 The WHO 

recommended implementing TDF-containing regimens in resource limiting setting [229]. However, the higher 

costs of TDF at the time meant that wide uptake of TDF occurred years later, and as such we may to date 

still not have seen the full spectrum of potential long-term consequences related to lack of systemic 

monitoring in a population of increased CKD risks. The approximate median 5 years follow-up and little 

more than 3300 persons in DART may further not have been adequately long to assess such accumulating 

renal impact in a young population (median 36 years).  Conversely, as will be discussed below there may, in 

resource limited settings be some rational in prioritising monitoring in those at high renal risks, as the 

NNTH on TDF is high in low-risk individuals- at least in western study settings [34]. 

To date longer term renal outcomes related to use of TAF, which has significantly lower plasma levels of 

tenofovir, and of INSTIs that are being used increasingly common in persons at high renal risks or with drug-

toxicity are still pending. A recent pooled analysis of 26 RCTs suggested lower risk of proximal tubulopathy 

and lower rates of drug discontinuation related to TAF vs TDF use[222]. It is essential to continue to study 

real life drug safety related to more extended use of TAF, INSTIs and other new ARVs to ensure a fuller 

picture of renal safety in PLWH and to ensure rational treatment strategies. 
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CKD prediction model in PLWH (paper 6) 

Having gained insights into the natural history of incident CKD in PLWH and associated risk factors we 

developed a model in 2014 to help predict risks of developing CKD over a five year period [34, 230]. The D:A:D 

study has previously engaged in developing risk scores for accurate CVD prediction in PLWH [33].  

The increased risks of CKD in PLWH are of great concern as undiagnosed and untreated CKD may progress 

to ESRD, CVD and death (see paper 7) [72, 154, 213]. The prediction tool aims to assist clinicians in identifying 

those at highest risk of CKD with needs of intensified monitoring and targeted interventions, and to aid 

evidence-based and individualised decision-making balancing the pros and cons of starting ARVs with 

nephrotoxic potentials. Such personalised approaches to HIV-management is strongly advocated by 

international HIV societies including the EACS Guidelines and WHO [4, 231].  

 

CKD is a concern worldwide and difficulties in identifying high risk individuals has led to development of 

numerous CKD prediction models in the general HIV-indeterminate population [232].  

In 2007 the US SCORED study found age, female sex, diabetes, hypertension, peripheral vascular disease, 

history of CVD, congestive heart failure, proteinuria and anemia to be key predictors for CKD (stage 3) [233]. 

A 2010 Chinese study also identified age and diabetes as key predictors, but additionally included diastolic 

blood pressure, body mass index  (BMI) and stroke in their model [234]. A 2011 Thai study similarly identified 

age, diabetes and hypertension as CKD stage 1-5 predictors but also identified kidney stones as a predictor 

[235], while the Dutch PREVEND study additionally included baseline eGFR, urinary albumin excretion and C-

reactive protein [236]. A 2012 review concluded that most CKD prediction models in the general HIV-

indeterminate population were poorly executed, of small size, cross-sectional, without external validation 

and without good discrimination of CKD risk (see below) [232]. While there are several overlapping key 

predictive factors in these studies, there are also several differences which may reflect genuine differences 

between study population and/or differences in the methodological approach [213].  In 2019 a large and 

geographically diverse collaboration with more than 5 million individuals from 34 cohorts and 28 countries 

contributed to development of a CKD scores in persons with and without diabetes [237]. The study follow-up 

ranged from 1990 to 2017 and the score was externally validated in nine additional cohorts. Over five years 

the main CKD predictors were age, sex, ethnicity, baseline eGFR, history of CVD, smoking, hypertension, 

BMI, albuminuria, diabetes treatment and, hemoglobin A1c with a discrimination of 0.85. 

Nevertheless none of these prediction models have been widely implemented in PLWH as their utility is 

limited by the lack of data on key renal risk factors for PLWH [213, 233-236]. A 2011 Japanese study was the first 

to developed a CKD prediction score designated for PLWH [238]. The study included age, CD4 count, 

diabetes, proteinuria and baseline eGFR as the main score component with a discrimination of 0.84. The 
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study was, however significantly limited by only being able to predict short-term (within one-year) CKD risk, 

included a relatively limited number of persons and CKD events (620 persons with 18 CKD events) and was 

only partly externally validated. 

In 2014 two large studies of PLWH with extended follow-up both published a 5-year CKD-prediction score. 

The US Veterans Affair (VA) study had a clear advantage of including data on proteinuria, and an ethnic 

diverse population, but was limited by only including men living with HIV, not being externally validated 

and focused on TDF use [52]. In addition to use of TDF the VA prediction model included age, glucose, 

systolic blood pressure, hypertension, triglycerides, proteinuria and CD4 count. The NNTH for persons on 

TDF depended on the risk profile with 108 for those at low risk (0 points) to 20 for persons at higher risk (>9 

points). The other CKD prediction model was based on the D:A:D study, dominated by European and 

Australian men and women living with HIV, and discussed below [34]. 

 

Over a long median follow-up (exceeding 6 years), with a high number of persons and CKD events (almost 

18.000 persons and 641 events) we found that the best fitting CKD model included 9 key variables, Figure 

11; age, female gender, IDU, HCV-coinfection, baseline eGFR, hypertension, diabetes, prior CVD and nadir 

CD4 count. 

Figure 11, Components of the D:A:D CKD Risk Score [34] 

 

Based on prior analyses and the literature these were all expected, and with good agreement with that of 

the US VA study [52]. Similarly, to the US CKD sore neither of the models found prior AIDS, HIV-VL or HBV as 

key CKD predictors.                         
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We did exclude a substantial proportion of the cohort due to prevalent CKD, lack of adequate prospective 

follow-up, eGFR, CD4 count and VL measurements and due to prior expose to drugs with nephrotoxic 

potentials. This led to some concern about selection bias, as the incidence of CKD was higher in those 

excluded. To get an adequately clean study population these actions were; however, considered necessary 

and the external validation (see below) suggest this was not a major issue.  

The median estimated CKD risk in the overall included D:A:D population was low (-2, IQR -4 to 2) as also 

reflected in the high median baseline eGFR (105 mL/min/1.73m2, IQR 90-120, and 75% with eGFR >90 

mL/min/1.73m2). The proportion estimated to progress to CKD at low estimated CKD risk was 1 in 393 

increasing to 1 in 6 at those at high estimated CKD risk. The median estimated CKD risk in those developing 

CKD was 10 (IQR 5-14). 

The NNTH for ARVs with nephrotoxic potentials are shown in Figure 12. For TDF and ATV/r estimated CKD 

risk increased from 1 in 603 persons in those at low estimated CKD risk to 1 in 9 for high risk persons. This 

suggests TDF may be used as safe ART backbone for the large proportion of PLWH without renal risks and 

illustrates how using a prediction tool may aid in determining rational needs for monitoring and balancing 

risks and benefits for each individual.  

Figure 12, Number-Needed to Treat to Harm (NNTH) for Starting ARVs With Nephrotoxic Potentials                      

in Different CKD Risk Strata [34] 

 

 

 

 

 

 

 

 

 

We assess the model’s utility by calculating the discrimination (using Harrell’s c statistics = area under the 

ROC curve), which expresses how well the model identifies those developing an event vs. those that do not. 

A value of 0.5 expresses a bad ability to discriminate between cases and non-cases (like flipping a coin), the 

closer the estimate is to 1.0 the better. In the D:A:D derivation cohort the discrimination was very good 

(0.92), which is substantially higher than in the CKD prediction models of the general population described 

CKD risk  Score NNTH for 

LPV/r, ATV 

NNTH for               

TDF, ATV/r, PI/r 

Low <0 1395 603 

Medium 0-4 142 61 

High >5 20 9 
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above. While the short CKD model also had good discrimination (0.91), it was significantly worse than the 

full model, and with a higher Akaike information criteria suggestion poorer model fit it should be reserved 

for the cases where CVD-related data cannot be assessed reliably.  

To validate the model, we tested the performance in two very different independent cohorts, the British 

RFHCH (n=2500) and the control (non-interventional) arms of the ESPRIT and SMART studies (n= 2000).  To 

assess the validity, we compared the IRRs for individual factors and the KM estimates for progression to 

CKD, which we found to be similar for each risk strata in-between derivation and validation cohorts. We 

further calculated the discrimination in the validation cohorts were also good (0.86 and 0.87), suggesting 

the model is appropriate and accurate also in other settings. 

 
Our model has since also been validated by other independent research groups. An Australian study found 

the score to be well calibrated (good agreement between the predicted and observed rates of CKD), with 

superior discrimination to the VA CKD score [239]. A 2016 French study found the model classification useful 

for clinicians when making decisions on ART regimens depending on the risk profile [240]. Finally the US 

Observational Pharmaco‐Epidemiology Research and Analysis (OPERA) study showed, in very recent 

analysis, that the adjusted IRRs were similar to those of the D:A:D cohort, the median score was -3,  CKD 

rates increased by risk stratum and the model had good discrimination (0.87 to 0.92) [241]. This is an 

important observation given the large size and considerate difference of the study populations (OPREA 

population was younger, had more men, less co-infections and AIDS, but more with unsuppressed viremia) 

and shows the model can also be used by US clinicians.                                                                                                         

 

A major aim related to developing the risk score in D:A:D was to produce an easy assessable risk score that 

could be used in everyday clinical practice as well as research settings. An online tool was therefore 

developed  in which you simply enter the key patient characteristics, and based on the CKD probability 

equation the 5 years risk of progression to CKD is provided (https://www.chip.dk/Tools-Standards/Clinical-

risk-scores). 

 

Conclusions, limitations and perspectives 
 
Currently there are at least two different CKD predictions models available for everyday clinical use for 

PLWH, one derived from European and Australian populations, but externally validated in several 

independent studies, and one US model. Each model has advantages and limitations. As recommended in 

the 2019 EACS Guidelines and the 2018 KDIGO HIV consensus report It is probably less essential which CKD 

model you use,  the importance is to have a tool to allow for reliable identification of those at risk to 

https://www.chip.dk/Tools-Standards/Clinical-risk-scores
https://www.chip.dk/Tools-Standards/Clinical-risk-scores
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facilitate appropriate risk management and to have open, evidence-based and individualised discussions of 

pros- and cons of using specific ARVs depending on the underlying risk profile [86, 144].  

All risk estimation tools have inherent limitations that should be acknowledged when interpreting the 

estimates. As such no CKD prediction tool will be equally appropriate for all PLWH. Whilst current data 

support reasonable agreement between the estimated and observed CKD rates (calibration) in several very 

diverse cohorts as described above, it is key to get insight into its accuracy (how well the model is 

calibrated in subgroups), i.e. particular relevant for our model will be to test the performance in women 

and in persons with proteinuria as these may both have been somewhat underrepresented in the 

derivation cohort. It is likely that the model will be less adequate in PLWH in sub-Saharan Africa as all 

current eGFR equations are based on western populations, and studies have found this leads to systematic 

overestimation of eGFR levels and underestimation of CKD risks [193].  As age and baseline eGFR are the 

main drivers of CKD in the model a commentary was published urging caution about the comparatively 

smaller impact of ARVs with nephrotoxic potentials and concerns about confounding by indication [242]. In a 

reply we stressed the importance of evaluating the potential impact of nephrotoxic ARVs in relation to the 

renal risk profile, as highlighted by the high NNTH for those a low CKD risk, and low number for those 

already at high renal risks and the cumulative nature of the association [242]. Further, while it is correct that 

in earlier years declining eGFR could be an independent indication for starting ART, i.e. in those with 

HIVAN, this indication was infrequent in the D:A:D population due to the low proportion of ART-naïve 

persons of African origin. Additionally, we only included specific ARVs previously described to be associated 

with increased CKD incidence, and any confounding due to this indication would actually work in the other 

direction as rates of discontinuing these ARVs increase as eGFR declines [154].                                                           

Whilst these data provide some evidence to suggest that regular monitoring of renal function for persons 

starting ARVs with nephrotoxic potentials is most cost-effective in those at high estimated renal risk (lowest 

NNTH), it should be underlined again that these data are derived in resource rich settings of primarily non-

African men. Whilst the DART trial reached similar conclusions it should not be overlooked that the renal 

risk profile in PLWH changes over time, and hence future tools should also account for risk re-evaluation 

during ongoing ART [192].  

Whether these equations over time will lead to the intended improvement in clinical outcomes with lower 

incidence of CKD and CKD-related outcomes should be the focus of future studies.  

We aim to update the D:A:D CKD model to include more recent data, use of modern ARVs including TAF 

and INSTIs, cumulative use and discontinuation of individual nephrotoxic ARVs directly in the prediction 

model and to assess performance in key subgroups. A 2017 D:A:D study further suggested that risks of CVD 
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and CKD may advantageously be assessed concomitantly [243]. Further, the current D:A:D CKD model, as 

most prediction models of the general population, has risk variables fitted at baseline to obtain longer-term 

prediction. However, this approach has the disadvantage of not taking into account that risks may well 

change over the 5-year prediction period [33]. Therefore, when updating the model, we also intend to fit 

risks that may vary over time as time-updated rather than as time fixed variables.                                                                                

In a recent study published in CID in 2020 based on the Swiss HIV cohort, we investigated the impact of 

more than 86,000 single nucleotide polymorphisms for a poly-genetic CKD risk score [175]. In models 

adjusted for the D:A:D CKD risk score and use of nephrotoxic ARVs an unfavorable genetic profile 

independently doubled the risk of progression from an initial normal renal function to CKD. The study 

further revealed an interaction between the genetic and clinical risk factor, suggesting that the most 

favorable genetic profile may protect against incident CKD even with several ongoing clinical risk factors 

(high D:A:D score), on the contrary those with the most unfavorable genetic profile will not develop CKD 

without clinical risk factors (low D:A:D score) [175]. The major limitation of this finding in modern 

management of PLWH is, however, that such genetic profiling is not broadly available as part for routine 

screening and therefore identifying those with a genetic vulnerable phenotype is currently only possible in 

research settings. The study, however, contributes with important information of a strong complementary 

effect of genetic predisposition for CKD in PLWH and future studies should investigate if clinical 

management stratified according to the genetic profile may improve long term renal outcomes.                      

Having others studies build on the evidence on CKD prediction by adding additional predictive CKD data 

sources such as proteinuria, other (early) renal biomarkers and genetic profile will continue to be essential 

to limit the impact residual confound factors and to allow for as precise individual morbidity prediction as 

possible [175, 244].  
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Serious clinical events (SCE) after CKD in PLWH (paper 7) 

Having spent considerable efforts on uncovering predictors of CKD in PLWH, we found that the  

insights into the morbidity burden after acquiring CKD, and the potential role of modifiable risk  

factors (i.e. diabetes and smoking), were relatively limited in PLWH. In the general population CKD  

has been associated with a wide range of complications including anemia, bone disorder, cancer,  

ESRD, CVD and death [245-251]. These heterogenous outcomes are believed to be related to the  

disequilibrium caused by disruption of the many endogen and exogen functions of the kidneys  

including derangement of fluid-, electrolyte- and pH balance, accumulation of toxins, impaired  

immune function, increased inflammation, oxidative stress, hormonal imbalance, hypertension and  

accelerated atherosclerosis [112, 213, 252]. In 2012 data from seven UK HIV-cohorts showed a 

U-shaped relation between eGFR and death over a median 5-year follow-up period [253]. Several  

other studies in PLWH have more formally investigated individual outcomes after CKD including  

ESRD, CVD and mortality, but many were carried out during an era where the prevalence of  

HIVAN was high, and lacked the broader overview of the spectrum of CKD-related outcomes as  

well as insights into possible preventive targets [36, 74, 154, 230, 253-257] 

In our 2019 AIDS paper (paper 7) we included almost 2500 persons with CKD and found that those  

living with both HIV and CKD had a high burden of SCE, with almost one in three experiencing a  

SCE within five years of their CKD diagnosis [72]. The most common SCE was death (incidence 

32.2/1,000 PYFU [28.6-35.8] and a five-year post-CKD mortality rate exceeding 15%), followed by  

NADM (15.2/1,000 PYFU [12.7-17.7]), CVD (14.6/1,000 PYFU [12.1-17.0]) and non- 

malignant AIDS events (13.0/1,000 PYFU [10.7-15.3]), Figure 13. With the relatively short median follow- 

up (less than three years) there were relatively few incident cases of ESRD, ESLD and ADM  

events after CKD. A large Canadian community cohort of HIV-indeterminate showed in 2010 that  

for a given eGFR level rates of MI, ESRD and death were independently increased in  

those with proteinuria, similarly data from the veteran’s affair (VA) study showed higher ESRD risk  

in PLWH when combining eGFR with proteinuria, suggesting that the already high burden of  

disease described in D:A:D may be even higher due to lack of access to proteinuria data [84, 245]. 
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Figure 13, Kaplan Meier Estimation of Cumulative Incidence of SCE After CKD [72]

 

Several modifiable risk factors strongly predict CKD-related SCE including smoking, poor HIV-status and 

diabetes. Each of the considered CKD-related SCE had a distinctive risk profile, as also shown for CVD, ESRD 

and mortality among HIV-indeterminant persons with CKD in the diverse US CRIC cohort [258], Figure 14.  

Figure 14, Population Attributable Fraction (PAF) of Risk Factors for Individual SCE after CKD [72]

 

Smoking was; however, as the one factor consistently associated with all the CKD-related SCE, suggesting 

that had people not been current smokers between 6.1 and 11% of the complications may not have 

occurred. The small British CRIB study and several US studies have also identified smoking as a key risk 

factor for CKD-related death in the general HIV-negative population [246, 248]. In our study smoking was 
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somewhat more broadly associated with SCE after CKD, which may be related to both a higher proportion 

of smoking PLWH and the interaction between HIV-status and smoking in increasing inflammation and 

worsening immune impairment [259].  In the CKD-indeterminate D:A:D study population we’ve showed a 

major impact of smoking cessation on lowering incidence of several cancers [260] and CVD [261]. However, it 

remains to be explored if an effect of smoking cessation may be even more beneficial in those with CKD 

where even more pathological pathways may be activated concomitantly.  

Of those with CKD a high proportion (47.9%) had experienced a prior SCE, most commonly a non-malignant 

AIDS event. Poor HIV-status further predicted non-malignant AIDS, as also described in a small Kenyan 

study [254], and death after CKD, underlying the close relation between HIV and both incident CKD [34, 100] and 

CKD disease burden [74, 253]. That non-malignant AIDS events were one of the most frequent SCEs after CKD 

may in addition to HIV-status be related to the exacerbated impairment of immune function in persons 

with CKD [262]. In 2007 Choi and colleges further described that people living with CKD and HIV in the US, 

regardless of ethnic origin, had higher risk of death than HIV-negative with CKD and diabetes, again 

emphasizing the strong potential impact of HIV, and the importance of timely and continuous ART to for a 

better renal prognosis (see section on immunesupression and CKD) [74, 98, 100, 102].  

Diabetes is a very common and strong CKD predictors in PLWH and the general population [34, 74, 263, 264]. As 

in a large meta-analysis of the general population in 2018, we documented that in PLWH and CKD, diabetes 

independently predicts several SCE [248]. Hallan and colleagues also described how a high national diabetes 

prevalence increase the proportion of individuals with progression ESRD [263]. These findings are of great 

concern as the prevalence of diabetes continues to increase in PLWH, and efforts should therefor go into 

how to we can optimise DM management [71, 265]. 

Death was as the only SCE associated with all considered modifiable risk factors (apart from dyslipidemia) 

likely reflective of the heterogenous underlying causes of death. ESRD and death have consistently been 

described as competition outcomes in people with CKD, with ESRD being more common in younger 

individuals [248, 266, 267]. However, with the relatively short median follow-up and moderate levels of CKD we 

did not find indications that competing risks played a major role, although we were limited by only 72 ESRD 

events and a relatively high median age of those with CKD (60 years). 

The relation between low eGFR and CVD will be discussed in more detail in the section below (paper 8) [154]. 

Cancers and CKD have a complex interplay; CKD may be an adverse outcome of cancer-treatment and 

paraneoplastic manifestations, Inversely, cancers may arise as a complication to CKD, perhaps due to 

shared risk factors (i.e. smoking and diabetes as shown in our analysis), accumulations of toxins and higher 
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occurrence infections [230, 249, 250].  The CKD-related cancer risk in the general population is particularly high 

in those with ESRD, but several observational studies have also described increased incidence of several 

cancers (including non-genitourethral cancers)  in persons  with   more moderate levels of CKD [249, 268-270]   

 Our findings suggest that several of the factors which has previously been shown contribute to CKD 

development (initiators) are also instrumental in driving major CKD complications (perpetuators) [34, 52, 72, 

213]. We did not consider the potential role of nephrotoxic ART on post-CKD SCE rates as such analyses 

would be highly confounded by indication due to frequent discontinuations of these drugs already before 

incident CKD [35, 37].To our knowledge no other study has undertaken such analyses for a wide range of non-

renal SCE.  

In our analysis SCE rates were significantly elevated already within a few years after the CKD diagnosis, 

which may suggest some level of reverse causality (especially relevant for cancers and ESLD), and renal 

function as a marker of general health deterioration. Importantly; however, time-lagging SCE and 

accounting for prior SCE did not impact the high complication rates after CKD [230].  

We further described that those living with both CKD and HIV had an almost three-times higher disease 

burden than those without CKD (crude incidence of any SCE 23.0 per 1000 PYFU [22.4-23.6] vs 63.7/1000 

PYFU [57.9-69.6]), despite median follow-up in those without CKD was four-times longer and without 

indication of surveillance bias in those with CKD. While we could compare SCE rates in those with and 

without CKD, in D:A:D we did not have a comparative HIV-negative cohort. However, judging by prior 

studies rates of several CKD-related complications in PLWH appear consistently higher [74, 246, 255]. Studies 

with access to renal biopsies in persons with CKD have described that a multifactorial genesis of CKD/CKD 

progression is in fact very common [247, 271]. The combination of ongoing CKD risk factors, the direct CKD-

related disequilibrium and HIV will activate several different pathological pathways, but also have several 

pathways in in common such as impaired immune function and increased inflammation, which may explain 

why this group represents a particularly vulnerable group for developing SCE, although we and others have 

not formally been able to shown any interactions [112, 248, 262].  

Conclusion, limitations and perspectives                                                                                                                                                   

This and other studies have shown that in an era where many PLWH require less monitoring due to 

effective and well-tolerated ART, those living with even moderate levels of CKD have a high morbidity and 

mortality burden[72, 74, 154, 253] . The D:A:D analysis was primarily limited by only having three years median 

follow-up after CKD, and by not having assess to proteinuria data or genetic predispositions. We identified 

several modifiable risk factors to be closely associated with the detrimental outcomes of CKD. In the 
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general population, and particularly amongst PLWH, there are; however, still substantial gaps in knowledge 

of optimal management of CKD [29, 86, 213, 272].  In RxEACH trial as mentioned above (paper 7) targeted 

intervention for dyslipidaemia, hypertension and smoking proved effective in reducing CKD-related CVD 

risks in the general population [273]. However, no study to date has adequately assessed impact of 

interventions on such factors on CKD prognosis in PLWH. As concluded during the 2018 KDIGO HIV/CKD 

consensus conference until more evidence becomes available it does seem rational to follow efficacy 

studies on interventions in the general population, despite these also remain incomplete [86]. The increasing 

CKD incidence in PLWH; however, makes it imperative to gain better understanding on were to focus 

interventions to guide development of a more personalised approach. 
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Chapter 6 Atherosclerotic CVD in PLWH (papers 8 and 9) 

As described in the introduction excess risk of MI in young men living with HIV was one of the first non-AIDS 

events that came to the attention of both clinicians involved in HIV care and the authorities overlooking 

drug safety. In 2007 data from Triant and colleagues suggested US PLWH under care between 1996 and 

2004 had up to 75% increased risk of MI compared to HIV-negative age-matched controls [274].  In more 

recent years ambiguity has been raised whether PLWH using modern and more CVD friendly ART, starting 

ART earlier, alongside increased awareness of potential adverse drug effects and increased use of primary 

prophylaxis had levelled out the differences in CVD among PLWH and the general HIV-negative population 

[60, 274-276]. A 2015 study by Klein and colleagues in the large (>24,000 PLWH) and well-described Californian 

Kaiser-Permanente (KP) cohorts found that rates of MI declined between 1999 and 2011 in PLWH, and in 

2010-2011 reached similar levels compared to matched HIV-negative individuals (adjusted RR 1.0 [0.7-1.4]) 

[276]. In contrast, a recent large (>82,000 PLWH) US study by Rosenson and colleagues found that between 

2011 and 2016 insured US PLWH remained at approximately 30% increased risk of atherosclerotic CVD 

when compared to the general HIV-negative background population [277].  The Roenson study was based on 

the MarketScan database, which contains data from different healthcare insurance sources. There are 

substantial differences in methodology and study population, the KP cohort i.e. is renowned for a highly 

reliable data capture and had a long average follow-up time (4.8 vs 1.6 years in the Roenson study). Given 

the increased focus and systematic approach applied to management of CVD risks in PLWH in the KP 

population the difference in findings may also represent difference in management in the KP and general 

US population living with HIV. The KP also showed that in the time period use of lipid lowering drugs, anti-

hypertensives and other atherosclerotic preventive strategies increased in KP, whilst PLWH were also 

started on ART earlier and the use of PIs declined [277]. The AGEhIV cohort study also suggested increasing 

CVD rates in PLWH in recent years and related this to increased frequency and severity of common CVD risk 

factors such as hypertension and dyslipidemia in the aging population living with HIV [60]. 

Mechanisms of atherosclerotic CVD and associated risk factors in PLWH                                                                  

Traditional major atherosclerotic CVD risk factors include diabetes, hypertension, dyslipidemia and 

smoking, all of which are highly prevalent in PLWH [60, 277, 278]. Applying standard atherosclerotic CVD 

preventional strategies in PLWH therefore remain essential [4, 279-281]. However, a higher prevalence of these 

CVD risk factors has proven inadequate to explain the increased MI incidence in PLWH [274, 282]. As such CVD 

prediction models developed in the general population i.e. Framingham, QRISK and ASCVD have been 

shown to systemically underestimate CVD risk in PLWH, whereas the D:A:D CVD risk equation which also 

includes HIV-relevant variables, generally has a better calibration in PLWH [33, 283-288].  
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The mechanisms of HIV-related atherosclerotic CVD involve multiple pathways with a complex interplay 

and are to date still not fully understood [281, 289, 290] .                                                                                                      

There is substantial evidence suggesting that HIV itself induce a pro-atherogenic state with persistent 

inflammation, coagulation and immune activation, CMV reactivation, microbial translocation and changes 

in high-density lipoprotein (HDL) function [289-296]. Even in fully virally suppressed PLWH without CVD, ex 

vivo studies have shown an increase propensity to form lipid-laden foam cells known to promote 

atherosclerosis more than in HIV-negative controls [292, 297].  Data linking HIV-related immune suppression 

and CVD are conflicting; some studies have showed an association, while others have not, and 

misclassification i.e. type II MIs (see below) and space occupying diseases mimicking stroke have been 

suggested as concerns for those suggesting an association without using rigorously defined atherosclerotic 

CVD endpoints [275, 298, 299]. In the START study participants were relatively young, and the number of CVD 

events too limited to determine the impact of immediate vs. deferred ART start, but in a START sub-study 

using arterial elasticity as a proxy for CVD there were no indication that immediate vs. deferred start of ART 

impacted outcomes [300]. In the SMART study intermittent vs. continuous ART was associated with a 57% 

increased CVD risk, but the effect was only borderline significant (p=0.05), and potentially partly related to 

a poorer lipid profile, enhanced inflammation and coagulation activation [102, 295, 301]. In 2003 Friis-Moeller et 

al. in D:A:D showed that the risk of CVD was lowest in ART-naïve PLWH and increased linearly with longer 

duration of first generation ART [21].  A recent review and metanalysis suggested that the association 

between longer cumulative use of ARVs and CVD was simply a proxy for longer duration on the HIV 

infection [275]. However, if that was the case, you would expect to see a similar relation between use all 

ARVs and CVD risk, which is not the case. Several different studies have specifically for certain PI/b showed 

a gradually increasing CVD risk related to longer use hand with recent use of ABC [21-23, 53, 302-307].  CVD 

outcomes with specific ARVs have predominantly been examined in observational studies as drug discovery 

trials are not adequately powered to analyse such hard clinical outcomes [308]. In paper 9, discussed below, 

we explored impact of more contemporary PIs ATV/r and DRV/r on atherosclerotic CVD risk [53]. Recent data 

has suggested that use of INSTI with TAF may lead to weight gain and increased lipid levels, however it is 

unclear if such trends on the longer term may translate into increased risks of CVD, although a recent RCT 

with 96 weeks of follow-up did not suggest any changes in CVD risk [309-311]. To date there is no published 

data on CVD risks related to use of INSTIs, but such analyses are being undertaken by the new RESPOND 

cohort collaboration.                                                                         

 Relations between viral hepatitis, and HCV in particular, and atherosclerotic CVD are conflicting; some 

reporting increased inflammation related to untreated HCV causing accelerated atherosclerosis and 
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increased risk of stroke, whilst other report no association with type I MI, but doubling of risk of type II MIs 

[312-314]. 

Characteristics of Atherosclerotic lesions in PLWH                                                                                                                                 

Several studies have reported higher rates of subclinical atherosclerotic CVD in PLWH compared to the 

general HIV-negative population [296, 315]. There is also evidence suggesting that the atherosclerotic lesions 

seen in PLWH differ from the lesion patterns seen in the general HIV-negative population with CVD, 

supporting a different atherosclerotic pathogenesis [316-318]. A recent US study found that PLWH 

experiencing MI more commonly have single-vessel disease than HIV-negative persons that more 

commonly present with multi-vessel disease [316]. A somewhat smaller Danish study did not find differences 

in the number of vessel involvement between PLWH and controls with MI, but observed less complex 

atherosclerotic lesions in PLWH [318]. A 2016 Australian study described a lower overall plaque burden in 

PLWH than HIV-negative controls and suggested that the higher MI rates in PLWH could be related to 

having more vulnerable plaques than a large burden of atherosclerotic changes [317]. Before the era of drug-

eluding stents one study also reported a larger risk of restenosis in PLWH than in controls [289].  

CVD management and outcomes                                                                                                                                 

Outcomes after CVD and the current recommendations for screening and treating CVD in PLWH is 

described in more details in chapters 3 and 8. 

In the sections below two key pending questions regarding relations between CKD and CVD, and on CVD 

risks related to use of contemporary PIs in PLWH are described.  
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Renal function & CVD (paper 8) 

While, CVD is among the leading causes of non-AIDS death in PLWH, CVD is the most common cause of 

death in persons with renal failure [16, 319].  Studying renal impairment and CVD in PLWH is therefore crucial 

to increase our understanding of the inter-disease relation. In the general population, there is solid data 

suggesting an association between renal impairment and CVD; a 2004 US study described that more than 

half of those admitted with an MI had CKD (stage 3), and those with CKD further experienced more post-MI 

morbidity and mortality than those without CKD [320].  

We hypothesised that the generally higher burden of traditional shared CKD-CVD risk factors in PLWH and 

the contribution of HIV-related pro-atherogenic state the association between renal impairment and CVD 

may be even stronger. At the time of our 2015 analysis most studies in PLWH investigating this relation 

were limited by using single measures of renal impairment, very broad and sometimes less well-defined 

CVD endpoints, of relatively limited size or of cross-sectional design  [154, 252, 256, 321-326].  

 

The association between CKD and CVD is in the background population is especially strong for persons with 

ESRD, however we did not have adequate number of ESRD events to reliably assess this association in dept 

[324, 327-329]. Also, at the time we were limited by a limited number of persons with CKD with adequately long 

prospective follow-up, and hence required just that the eGFR measurements were confirmed, but not 

necessarily > 3 months apart. However, by definition based on the D:A:D data collection, a confirmed 

measurement will be min 1 months apart. When we gained sufficient PYFU after CKD we reassess the 

association between CKD and CVD as part of the analysis on SCE after CKD, as discussed above with overall 

similar findings [72]. 

 

During 8.0 years median follow-up 1,357 individuals in D:A:D developed an incident CVD event (Incidence 

5.2 /1000 PYFU (5.0–5.5]). Among those with normal baseline renal function (eGFR >90 mL/min/1.73m2) 

less than 2% were estimated to develop CVD at 5 years, Figure 15. This proportion was ten times higher 

(20%) in those with severe renal impairment (eGFR ≤30 mL/min/1.73 m2). Among those with confirmed 

eGFR <60 mL/min/1.73 m2 the median time to CVD was 45 months (IQR, 21–76 months), without 

differences for the individual events of the composite endpoint. Whilst only 4% of those with a normal 

confirmed renal function experienced a fatal CVD event as many as 25% of those with confirmed current 

eGFR ≤30 mL/min/1.73 m2 died (<28 days) from their CVD event. This finding may both reflect a more 

severe CVD event and less ability to recover after the CVD event in those with severely impaired renal 

function. Coronary by-pass was the only event more commonly observed at lower eGFR levels possible 

reflecting more advanced atherosclerotic disease.  
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Figure 15, Kaplan-Meier Estimation of Progression to CVD by Confirmed Baseline eGFR Levels [154] 

 

 

As also reported in the general HIV-negative population particularly high CVD rates (incidence rate ratio 

3.08 [2.04–4.65]) were seen for those with severely impaired renal function [330]. The VA cohort reported 

similar findings of a gradual increase at low eGFR levels in PLWH in 2010, but also included cardiac failure 

and peripheral artery disease [256]. 

Increased age accounted for much of the inverse linearly increased risk between lower eGFR and CVD for 

eGFR levels >30mL/min/1.73m2, although everyone with eGFR levels just below the normal range (eGFR 

<80 mL/min/1.73m2) remained at 30%–40% increased CVD rates, Figure 16 [330]. In the literature some 

ambiguity does, however, still remain today about when the effect of renal impairment starts to 

significantly impact CVD risk. For PLWH a British study from 2012 using single eGFR measures, also 

described increased CVD rates in in PLWH with only mildly impaired renal function, after adjusting for age, 

with more than four-fold higher rates in individuals with eGFR <75 mL/min/1.73m2 compared those without 

any eGFR impairment [326]. A small nested, matched, case-control in the US described that per 10 

mL/min/1.73m2 lower eGFR odds of CVD increased with 20% in PLWH [325] . Several studies in PLWH have 

also looked at CKD and subclinical or early stages of CVD. As such a small Spanish study in PLWH found that 

mild renal impairment predicted prevalent subclinical atherosclerosis by assessing carotid intima-medial 

thickness (cIMT) [331]. Using CT angiography a 2019 study also described than even mildly impaired eGFR, 

independently of other risk factors, predicted calcified coronary plaques and a higher Agatston score 

(indicating the extent of coronary artery calcification) in PLWH, but not in HIV-negative controls [332]. In 

contrast, a cross-section subanalysis of approximately 500 PLWH of the FRAM study did, in 2011, not find 

that lower eGFR or albuminuria predicted cIMT, using high-resolution B-mode ultrasound [252]. In the 
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general population the data on milder levels of renal impairment and CVD are also conflicting ranging from 

studies clearly demonstrating excess CVD risk while others fail to demonstrate a significant relation at eGFR 

levels above 60 mL/min/1.73m2 [245, 321, 322, 330, 333]. Incorporating renal function in CVD prediction models are 

debated, and CKD is not formally included in the Fragminham, 2019 ASCVD nor the 2014 D:A:D CVD score, 

but is included in the QRISK 2-3 scores (in 2017 CKD stage 3 included), and is planned for the next update of 

the next D:A:D CVD score [33, 243, 284-286, 334]. It is however commonly noted that CKD status should be taking 

into consideration when evaluating CVD risk especially when evaluating benefits of different interventions 

[283, 284]. 

There are several methodological differences between the studies investigating renocardiac relations, 

including considerate heterogenicity in study sizes, study design, median renal function of those included 

and how broadly and rigorously CVD was defined. In our analysis we didn’t see any strong evidence that the 

associations between renal impairment and CVD differed for the individual components of the composite 

CVD endpoint, so this inter-study difference does not appear to be an explanation for the different findings. 

Whilst the D:A:D study has the clear advantage of substantial geographical heterogenicity, large size and 

long prospective follow-up in addition to rigorously defined severe CVD endpoints we did not have access 

to proteinuria data which has been shown to provide important complementary prognostic information, 

and which may likely have further strengthen the associations seen also for milder levels of eGFR 

impairment [245, 256]. 

Figure 16, Incidence Rate Ratio of CVD by Confirmed Current eGFR Levels [154] 

 

 

Interestingly we found that adjusting for other potential confounders than age, including hypertension, 

diabetes and ART use, did not greatly impact the association suggesting other underlying mechanisms may 

be driving the association. 
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The mechanistics linking CKD and CVD remain a hot topic and is sometimes referred to as the renocardiac 

or cardiorenal syndrome and may be driven by several distinct pathways [114, 213, 335-338]. CVD and CKD share 

common risk factors (i.e. diabetes and hypertension) and may drive both diseases concomitantly, and we 

have previously shown an inverse relation, in which CVD predicted CKD [34, 36, 319, 330]. However, there are 

also several more direct pathways leading from CKD to CVD [339]. Persons with CKD have higher levels of 

circulating uremic toxins, more oxidative stress, activated inflammation, impaired immune function,  and 

hyperphosphatemia which may all accelerate atherosclerosis and increase CVD risk [114, 335-338, 340, 341]. 

Increased levels of renin release in CKD cause vasoconstriction and hypertension and in turn CVD [342]. In 

addition to these atherosclerotic pathways, persons with CKD more commonly have atrial fibrillation which 

predisposes to stroke, congestive heart failure and severe electrolyte derangements predisposing to 

malignant arrythmias [328, 333, 335, 343, 344].  

 

While current literature doesn’t indicate substantial differences in the renocardiac relation among PLWH 

and HIV-negative populations using hard clinical CVD endpoints, head-to-head comparisons across a wide 

range of renal levels are missing [245, 256, 321, 322, 325, 326, 333, 339]. Especially since a recent US study, as mentioned 

above,  suggested higher prevalence of pre-clinical atherosclerotic coronary changes in PLWH with mildly 

impaired renal function this calls for exploration in larger settings, with a wider range of renal function and 

endpoints including harder clinical endpoints [332].  

 

Conclusion, limitations and perspectives                                                                                                                                             

The high rates of both fatal and non-fatal CVD events in older PLWH with continuously low eGFRs calls for 

increased monitoring and focus on potential modifying factors in this population. Whilst we were able to 

adjust for familiar disposition to CVD in this analysis, we did not have data on genetic factors nor 

proteinuria, which would likely have strengthened the association even further. As also discussed above 

interventions aimed at limiting progression of CKD and reducing the CKD-related CVD burden remain 

suboptimally explored especially in PLWH [273, 342]. In the general population a subanalysis of the randomised 

clinical RxEACH trial showed that already after three months an intensified approach on controlling 

hypertension, hypercholesterolemia and reducing smoking in persons with CKD reduced CVD risks [273]. 

However, given the several other pathways involved in CKD-related CVD development only addressing 

traditional risk factors will likely be insufficient in both PLWH and HIV-negative persons, and research 

efforts should therefore focus on the impact on disrupting various steps of these mechanisms [281, 289, 345].  
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Use of Contemporary PIs and risk of CVD (paper 9) 

As discussed above several earlier observational studies and some mechanistic studies have described an 

association between longer cumulative use of older first generation PIs including LPV/r (incidence rate ratio 

1.54 per 5 years) and IDV (1.47 per 5 years) and CVD [23, 306, 307, 346, 347]. In 2016 our analysis on the D:A:D 

study population was the first to assess potential CVD risk with extended use of the two most frequently 

used contemporary PIs DRV/r and ATV/r [23, 306, 307, 346, 347]. 

ATV/r was first licensed in 2003 by the FDA and in 2004 by the EMA, and has been adversely associated 

with a benign increase in bilirubin levels causing jaundice, renal impairment and, as other PI/r, with 

gastrointestinal symptoms including nausea and diarrhea, and dyslipidemia [6]. DRV/r was licensed 

somewhat later (in 2006 by the FDA and in 2007 by the EMA) and initially, due to a high genetic barrier, 

predominantly used bid (twice daily) as salvage therapy for heavily treatment experienced PLWH. From 

2008/2009 DRV/r qd (once daily) was more widely recommended for use in PLWH and remain today the 

only recommended first line PI/b in Europe [6]. DRV/r has as other PI/r rash, gastrointestinal symptoms and 

dyslipidemia a as most important adverse effects [6].  

 

The underlying mechanism of the association between first-generation PIs and CVD is believed to be, at 

least partly, mediated by PI-induced dyslipidemia, and drugs within the PI drug class are have different 

metabolic profiles [43, 308, 348-350]. The TITAN, ARTEMIS and ATADAR trials have suggested that treatment-

experienced individuals on DRV/r and ATV/r have fairly similar lipid profiles, but superior to first-generation 

LPV/r [180, 351, 352]. A START study analyses further found that immediate ART increased levels of total and 

LDL-cholesterol and use of lipid-lowering drugs[43]. Adjustment for lipids are therefor of particular interest 

in the analysis. To avoid adjusting for factors on the potential causal pathway from ATV/r and DRV/r use to 

CVD in our primary model we keep all such factors (dyslipidemia, CD4 count, BMI, diabetes and CKD) fixed 

at baseline. We did, however conduct, several sub-analyses to limit risk of bias and confounded data as 

much as the observational data allows (details below). 

 

During seven years median follow-up 3.2% (n=1,157) of the study population developed CVD (Incidence 

5.34 per 1000 PYFU [5.03-5.65]). The proportion exposed to ATV/r increased from 18.4% at baseline to 

26.6% at end-of follow-up and from 4.0% to 22.7% for DRV/r. Among those exposed the median exposure 

at time of CVD was 3.1 years for ATV/r and 2.6 years for DRV/r. The crude incidence of CVD increased 

gradually from 4.91 [4.59-5.23] per 1000 PYFU in individuals unexposed to DRV/r to 13.67 [8.51-18.82] per 

1000 PYFU in those exposed more than 6 years. The change in CVD incidence rate ratio over time while on 

ATV/r were less pronounced (5.03 [4.69-5.37] to 6.68 [5.02-8.35] per 1000 PYFU), Figure 17.  



65 
 

 

Figure 17, Crude Incidence of CVD per 1000 PYFU Stratified by Cumulative Use of ATV/r and DRV/r [53]  

 

In adjusted models, longer use of DRV/r, but not ATV/r, was associated with increased risk of CVD (1.59 

[1.33-1.91] and 1.03 [0.90-1.18] per 5 years use, respectively), Figure 18. We also conducted a sub-analysis 

in which we excluded PYFU in individuals without exposure to DRV/r or ATV/r (where the CVD IRR were 

lower) with entirely consistent findings. Age was one of the factors with greatest impact on the drug 

associations. The strengths of this association for DRV/r is of a comparable size and gradient compared to 

the first-generation PIs [23].  

For individuals at high (>10%) estimated CVD risk, five years use of DRV would therefore increase the 

absolute CVD risk to 16%. The NNTH for DRV/r range from 533 in those at low CVD risk to 15 in those at 

high risk.  

Figure 18, Association Between Cumulative use of ATV/r and DRV/r and CVD [53]

 

1. The primary multivariate model was adjusted for cumulative exposure to DRV/r, ATV/r, LPV/r, IDV, on ABC, prior AIDS, HIV VL, 
HBV and HCV status, family history of CVD, hypertension, smoking (all as time-updated covariates), gender, age, race, enrollment 
cohort, HIV risk of acquisition, CD4, CD4 nadir, prior CVD, BMI, diabetes, dyslipidemia (incl. lipid-lowering drugs), CKD and date of 
baseline (all as fixed covariates at baseline).                                                                                                                                                                                             
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Subsequent multivariate models were additionally adjusted for:                                                                                                                                               
2. Variables on the potential causal pathway (BMI, dyslipidaemia, CD4 count, diabetes and CKD) from ATV/r or DRV/r use to CVD 
were all time-updated                                                                                                                                                                                                            
3.Time-updated bilirubin levels                                                                                                                                                                                     
4. Excluding PYFU with no exposure to ATV/r and DRV/r respectively 

Adjustment for time-updated dyslipidemia and other time-updated variables on the potential causal 

pathway (BMI, CD4 count, diabetes and CKD) from ATV/r and DRV/r to CVD did not significantly impact the 

association. This suggests that the relation between DRV/r and CVD is not, in contrast to the first-

generation PIs, mediated by simple changes in the lipid profile, nor by any of the other considered factors. 

However, we cannot rule out that the definitions of dyslipidemia used in this analysis may have been too 

simple to fully capture all the changes PIs may induce in lipid pathways leading to CVD such as increase of 

CD36-dependent cholesteryl ester accumulation in macrophages [43, 307, 349, 353, 354]. We also cannot rule out 

that DRV/r could activate other pro-atherogenic or thrombotic pathways, as described for ABC [303, 304, 346]. 

 

As ATV/r is known to increase plasma levels of bilirubin, and hyperbilirubinemia has been associated with a 

cardioprotective effect related to reduced oxidative stress, we investigated if adjustment for bilirubin levels 

could explain the lack of an association between ATV/r and CVD, but did not observe an impact hereof, 

neither did we find evidence of an interaction between ATV/r and bilirubin levels on CVD risk [355, 356]. 

The lack of an association between ATV/r and CVD confirmed a prior 2013 D:A:D analysis, where we were 

limited by less power [347]. LaFleur and colleagues based on the VA cohort also found that PLWH on ATV/r 

had between 36-41% lower risk of MI and stroke than those on non-ATV treatment (including other PIs, 

NNRTIs and INSTIs) [357]. In addition,  Stein and colleagues based on the AIDS Clinical Trial Group Study 

(ACTG) A5260 found that ART-naïve PLWH randomised to an ATV/r containing regimen had slower 

progressing of cIMT than those randomised to DRV/r (or RAL) [358].   

In secondary analyses we assessed MI and stroke outcomes separately rather than CVD as a composite 

endpoint and found no evidence of a differentiated association for each main component.  

Appreciating DRV/r was used as salvage therapy in early years and use therefore likely confounded by 

indication we chose a 2009 baseline for our analyses where use of DRV/r was much broader. While D:A:D 

does not collect information on dosage and therefore unable to address if DRV/r was prescribed qd or bid, 

as a proxy we conducted a sensitivity analyses in which we investigated impact on DRV use in persons with 

an without persons with ongoing HIV viral control. In another analysis we restricted the study population to 

those using DRV/r as their first ever PI regimen (which to some extent would limit heavily treated 

experienced persons). All these sensitivity analyses provided entirely robust results and therefore did not 

provide strong arguments that the CVD association was confounded by DRV use as part of salvage therapy. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571277/
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Results were also robust after excluding those with prior CVD (before baseline). Likewise, accounting for 

the estimated CVD risk in those starting DRV/r vs ATV/r, provided robust results suggesting that a higher 

CVD risk in those starting DRV/r was explaining the subsequent higher CVD rates compared to those 

starting ATV/r. Finally, adjustment for use of antiplatelets, which are indicted in individuals with prior CVD 

or at >10% estimated CVD risk, did not alter the association. Recent use of ABC has consistently in D:A:D 

been associated with increased CVD incidence, however in this analysis we did account for the backbone 

used with DRV/r and ATV/r, and adjusting for ABC use did not remove the seen association between DRV/r 

and CVD [359]. 

 

The association between use of PIs and CVD has only been described in observational and mechanistics 

studies, whereas no RCT has, or likely will be, adequately powered [308]. We did not find evidence to suggest 

PIs as a group increase CVD risk, but rather observed an association only related to use of DRV/r. Specificity 

is an important finding supporting potential causality. Importantly, as with the first-generation PIs, we also 

observed a small, but gradually increasing gradient in the association between DRV/r and CVD indicating a 

dose-response relation with longer use. The observed association was further of a magnitude, that make it 

relevant to consider in clinical practice, especially for those at high underlying CVD risks.  

The association between PI use and CVD was somewhat stronger in earlier years, this may be related to 

more aggressive management of CVD risk factors and more selection in who are offered these ARVs based 

on their underlying risk profile as advocated in guidelines [6, 21, 23, 53, 276, 306, 308].  

 

Other studies assessing the association between DRV/r use and CVD risk, reproducibility?  

Whilst none of the DRV/r development trials reported increased CVD rates, the European, but not US 

product information does however mention both angina pectoris and MI as potential adverse effect (in up 

to 1 per 100 and 1 per 1000 respectively [351, 352, 360-362].  These original studies were however designed to 

assess virological efficacy and laboratory defined outcomes and not longer-term adverse effects in 

heterogenous populations of PLWH. 

Janssen, the company behind DRV/r, were the first to respond to our findings by publishing merged post-

marketing data that did not show an association between DRV/r and incident CVD [363]. However, none of 

those studies had CVD as their study primary aim, used un-validated endpoints and where considerately 

less powered in terms of follow-up time (1.9 vs 7.0 years) and number of included persons and CVD 

endpoints (5,721 persons with 66 CVD events vs 35,711 persons with 1,157 CVD events).  
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A recent French case-control study by Costagliola and colleagues did not find a significant association 

between use of DRV/r and CVD, but was also limited by less power (as indicated in the wide confidence 

intervals) with 408 CVD cases of whom only 10% (40 events) were in persons ever exposed to DRV/r (vs 249 

events in D:A:D) [364]. Whilst we included follow-up time between 2009 and 2016 in the D:A:D analysis, they 

included a somewhat earlier time period between 2006 and 2012, where DRV/r use, in particular in the 

earlier years, was highly selected.  

Also an Italian study by Antinori and colleagues has assessed the association, but was even smaller with 

only 23 CVD events in total, and did therefore not surprisingly not find an association [365]. 

 

Triant and Siedner reviewed this data in a 2020 commentary published in JID, and also noted the 

differences in power [366]. They considered reproducing the finding in other large studies and a mechanistic 

explanation would support the D:A:D findings- and recommended a cautioned approach to DRV/r use in 

high risk individuals where possible until additional large studies have investigated the association.  

 

Conclusions, limitations and perspectives                                                                                                                                                                                  

As the population living with HIV ages and with that follows an increased prevalence of several age-related 

complications it becomes increasingly important to tailor ART to fit the individual risk profile, as already 

discussed for CKD in the above, but certainly not any less relevant for CVD [33, 60].                                                     

For the first time we described that longer use of DRV/r but not ATV/r, is associated with higher incidence 

of CVD. The NNTH for DRV/r varied from 533 persons in those at low CVD risk to 15 persons in those at high 

risk suggesting that DRV/r is safe treatment option for a large group of PLWH without considerate CVD 

risks. It is key to appreciate the general limitations related to observational data including risks of 

unmeasured confounders and the lack of causal inference. However, as DRV/r remain among 

recommended first line therapies, and it is unlikely that adequately powered RCT of CVD risk with DRV/r 

will ever be carried out, considering safety signals from observational studies should play a role in every day 

clinical management, especially if the data comes from well-powered studies with extended follow-up, are 

based on rigorously defined hard clinical endpoints,  and the association is specific to certain drugs, of a 

considerate size (almost 60% per 5 years use), with a biological gradient and is robust [6, 308, 366]. For this 

reason our data on DRV/r and CVD has since been included in the overview table of potential adverse effect 

table of individual ARVs in the EACS Guidelines [6] .                                                                                                                                                                              

Few other studies have since we published our findings not been able to reproduce a significant association 

between DRV/r and CVD, however these were likely considerately underpowered, and hence investigation 

in other large well-powered studies with extended follow-up time on DRV/r remain essential. It also 



69 
 

 

pertinent to investigate possible mechanisms, as in contrast to the first-generation PIs, there is no satisfying 

explanation for the association seen. Assessing if the association between DRV/r and CVD declines once use 

of DRV/r is discontinued is another key analysis, which however, requires substantial follow-up time and 

power, and no study to date including D:A:D, have been sufficiently powered to do test this hypothesis 

reliably.   

 

The perspectives for CVD prevention and management in PLWH seem increasingly bright. Whilst risks of 

CVD in PLWH remain plentiful and highly prevalent, the improved insights into key CVD predictors, 

mechanistics and effectiveness of interventions such as smoking cessation and treatment of dyslipidaemia 

have significantly improved both primary and secondary prophylaxis, and have in certain setting completely 

removed the excess risk of CVD in PLWH and in others lowered CVD-related mortality significantly [6, 33, 60, 261, 

276, 279]. However, there are still substantial regional and gender inequalities in CVD care, and much more 

needs to be done to increase our understanding  of systematic anti-inflammatory and anti-coagulant 

treatment on CVD risks in PLWH [280, 367]. Meanwhile, systematic screening and management of modifiable 

risk factors and tailored ART remain a cornerstone for CVD care in PLWH [6]. 
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Chapter 7 Terminal liver failure in PLWH (paper 10) 

In 2016 we published the first large, prospective and long-term analysis to investigate incidence, outcomes 

and impact of ART on clinically defined ESLD and HCC in HIV-mono and viral hepatitis co-infected persons 

[55].   

ESLD is the terminal symptomatic stage of chronic liver disease in which the normal structure and function 

of the liver is disrupted, replaced by fibrosis and nodular architecture. The clinical symptoms of ESLD are 

closely related to these changes with reduced detoxification (hepatic encephalopathy), portal hypertension 

(variceal bleeding, ascites and hepatorenal syndrome) and impaired synthetic functions (hypoalbuminemia 

and ascites). In the general HIV-indeterminant population ESLD and HCC are most commonly seen in 

persons with viral hepatitis, alcohol abuse and obesity [368] with an 2% estimated prevalence in 2006 in the 

US population [368].  Towner and colleagues described in 2012 that PLWH from the KP cohort had a 3.5 times 

higher relative risk of hepatic dysfunction (defined as a combined endpoint of abnormal liver function 

markers, encephalopathy, varices and ICD10 codes of hepatic failure) compared to HIV-negative persons 

[369].  Further, HIV has been shown to accelerate liver disease related to viral hepatitis [370-373].  As with the 

other organ diseases investigated in this dissertation the increased risk of liver complications in PLWH has 

been related to a wide range of potential risk factors including HIV itself and HIV-related 

immunesupression, viral hepatitis co-infection, hepatotoxic ART, obesity, alcohol and diabetes [26, 60, 369, 371, 

374-377].   

As ESLD/HCC is rare, few studies have been sufficiently powered to investigated impact of use of individual 

ARVs with such hard clinical endpoints, and have therefore focused on ART use overall or on ART classes 

and milder liver outcomes such as liver function markers (i.e. transaminases and bilirubin), fibrosis markers 

(imaging and biochemically defined), imaging and histology[369, 378, 379].  Another limitation of the data 

investing liver safety outcomes is the relatively small study size and methodological challenges including 

cross-sectional assessments or only limited follow-up time [374, 379-385] 

ESLD/HCC Occurrence                                                                                                                                                          

Between 2004 and 2014 we included 319 ESLD (209)/HCC (110) events with an overall incidence of 1.01 

[0.90–1.12] per 1000 PYFU. The majority (83%) of all events were in persons with viral-hepatitis co-

infection, and ESLD/HCC incidence in persons without HBV or HCV was low (0.12 [0.07-0.16] per 1000 

PYFU). ESLD/HCC rates were similar in those co-infected with HBV vs. HCV, Table 2. 
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Table 2, Incidence of ESLD/HCC per 1000 PYFU stratified by HBV and HCV status [55] 

 

  

The most common ESLD symptom was hepatic encephalopathy grades III–IV (43.3%) and endoscopically 

verified variceal bleeding (27.4%), while hepatorenal syndrome (14.6%) and liver transplantation (5.1%) 

were less frequent. Almost 10% had several symptoms on the same event date. 

In the VA cohort, Lo and colleagues described a considerately higher incidence of hepatic decompensation 

of 7.4 per 100 PYFU in HIV and HCV-coinfected persons, but also used a somewhat less strict case definition 

(unvalidated cases of ascites, spontaneous bacterial peritonitis and esophageal variceal bleeding)[26]. In NA-

ACCORD Klein and colleagues described an ESLD incidence (per 1000 PYFU) of 1.2 in HIV-monoinfected 

persons, 6.1 in those with HIV/HCV and 8.7 in those with HIV/HBV respectively [386]. These higher rates may 

reflect both an earlier time period (1996 to 2010) than that of D:A:D (2004-2014), differences in the risk 

profile of the cohorts and a somewhat less strict case definition in NA-ACCORD, although cases were also 

validated and included laboratory, clinical diagnoses or procedures suggestive of ESLD. The incidence of 

ESLD in NA-ACCORD was further described as stable over the study period. In a slightly later time period 

(2001 to 2014) another HIV/HCV cohort collaboration reported that the incidence of HCC increased 

(+11%/year), while that of other liver-events declined (-4%/year) [387]. As liver events in that study were less 

strictly defined the incidence was also considerately higher (8.6 [7.8-9.5] per 1000 PYFU) than observed in 

D:A:D.  

 

Impact of ART on liver outcomes                                                                                                                                     

Assessing the impact of ART use on longer-term liver outcomes is complicated by several potential 

counteracting effects. Numerous studies in persons co-infected with HIV and viral hepatitis have 

documented that the ART-related improvements in immune function effectively decrease progression of 

liver impairment [369, 377, 387, 388]. In the SMART study those on continuous vs. intermittent ART had 30% lower 

risk of major hepatic events (decompensated cirrhosis) investigated as part as a composite endpoint with 

CVD and renal events[39]. In the START study there was a 40% lower risk of serious non-AIDS events 
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including decompensated cirrhosis in those starting ART immediately vs. those deferring treatment[40]. 

Further, certain ARVs (TDF, 3TC and FTC) have antiviral properties for both HIV and HBV and may therefore 

have an additional direct beneficial effect on liver-related outcomes. Conversely a 2006 D:A:D analysis 

found that 15% of all deaths in PLWH were liver-related, and after accounting for CD4 count and 

demographics longer use of ART was associated with an 11% increased risk of liver-death per additional 

year of use [377]. It was claimed that longer ART use was just a proxy for longer HIV duration, however if that 

was the only explanation then association should disappear after adjusting for HIV duration (which it did 

not) and you would not expect to see a differentiated association with individual ARVs. Risks of ART-related 

hepatotoxicity is described to increase in those co-infected with viral hepatitis [379], and D:A:D has also 

showed that liver-related death are relatively rare in persons without viral hepatitis co-infection [389]. 

Hepatotoxicity is a common adverse effect of ART, and seen in up to 30% of PLWH on ART, as many ARVs 

are metabolised hepatically [6, 380, 390]. Dosage adjustment are therefore also recommended in case of liver 

impairment for several ARVs [6]. Manifestations of drug-related hepatotoxicity are diverse and differ from 

i.e. mild, self-limiting and asymptomatic increase in transaminases to fulminant toxic hepatitis and liver 

failure [6, 380].  

 

Use of NRTIs and liver outcomes                                                                                                                                                           

In a subanalysis of a RCT Bani-Sadr and colleagues described that in persons with HIV and HCV (n= 205) 

odds of histologically verified fibrosis were three-fold higher in those exposed to didanosine (ddI) 

compared to other drugs [391]. In a cross-sectional study of persons (n=671) with HIV and HCV Loko and 

colleagues further described that persons using ddI for more than a median of 5 months had a 70% 

increased odds of severe liver fibrosis [384]. Based on these findings and several other small studies 

suggesting that use of dideoxynucleoside analogues or ‘d-drugs’ including ddI and stavudine (d4T) may 

adversely impact liver function markers and lead to development of severe steatosis/fibrosis we focused 

our analysis on the potential longer term impact of these drugs on incident ESLD/HCC [381, 383, 385, 391-396].                 

In adjusted models we found that longer cumulative use of both ddI (1.32 [1.07-1.63] per 5 years) and d4T 

(1.46 [1.20-1.77] per 5 years) were strongly related to increased rates of ESLD/HCC, Figure 19. While most 

prior studies reporting adverse liver effect of d-drugs were in persons co-infected with HCV we found that 

the association was independent of viral hepatitis status (p for interactions 0.09-0.5)[383, 384, 391, 397]. 

Mitochondrial toxicity has been suggested as a potential underlying mechanism for the d-drug associated 

hepatotoxicity [380, 391, 398, 399]. When these results were first released into the public domain in 2016 some 

found these safety signals to be of limited interest as d-drugs, due to their adverse effects profile, were 

already infrequently used as part of modern ART [6, 228]. Importantly, however, in this analysis we also found 
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that the risk of ESLD/HCC among individuals exposed to ddI and/or d4T remained elevated even several 

years after the drugs had been discontinued, a finding that has also been described using less rigorously 

defined liver outcomes, Figure 20 [400]. These observations hence have potential clinical implications for 

modern management of individuals with a history of longer d-drug use, and in particularly in those with 

other ongoing liver risk factors such as HCV with the largest absolute risk of liver failure. It could therefore 

be advocated that persons with long cumulative d-drug history should also follow guidelines for regular 

assessment of liver function including use of liver function/damage biomarkers, evidence of fibrosis (i.e. by 

using transient elastography) and in cause of cirrhosis ultrasound for HCC asessment [6].  

Somewhat more unexpectedly we also found an association between longer cumulative use of TDF, 

another more modern NRTI, and increased incidence of ESLD/HCC (1.46 [1.11-1.93] per five years), Figure 

19.  The magnitude of the TDF association with ESLD/HCC was strikingly similar to that observed for the 

older NRTIs. As TDF is the recommended backbone in PLWH and HBV, confounding due to viral hepatitis co-

infection may immediately seem like a possible explanation for the observed association between TDF and 

ESLD/HCC [6]. However, we did not find the association between TDF use and ESLD/HCC to be affected by 

stratifying according to viral hepatitis status or by adjustment for viral hepatitis. Furthermore, we found 

that use of FTC and 3TC, the ARVs most commonly co-prescribed with TDF, did not follow the same pattern; 

FTC use was associated with a significantly lower risk of ESLD/HCC (0.51 [0.32– 0.83] per 5 years), while the 

3TC association did not reach statistical significance.  Another D:A:D study carried out almost 

simultaneously led by Kovari included only PLWH without HBV and confirmed an association between 

longer use of TDF and chronic liver enzyme elevation after adjustment for potential cofounders [401] with a 

relative rate of 1.18 ([1,05-1.32]) after more than two years use. These findings collectively therefore 

suggest that the observed relation between TDF and ELSD/HCC does not reflect a simple association 

confounded by HBV co-infection.  It has however been suggested that the observed association with TDF 

may be related to unreported HBV infection, however if that was the case you would expect to find a 

similar association with 3TC and FTC, which was not the case. Having persons with liver impairment 

preferentially treated with TDF due to a perception of good liver safety has also been suggested as an 

explanation, but seeing similar effects using a chronic liver enzyme elevation in persons with initial normal 

liver function argues against this. While there is no well-described biological explanation for this association 

it has not been excluded that some level of mitochondrial toxicity, as also described for other NRTIs, and 

the suggested basis for TDF-related renal toxicity could be a possibility, although in vitro data report this at 

much lower levels for TDF than for the older NRTIs [402]. Relatively few case reports and small studies have 

reported on hepatotoxicity in persons on TDF, and mostly when co-prescribed with FTC and EFV as part of 

atripla [403-407]. In 2013 Fink and colleagues reported a case of acute liver failure in a young woman from 
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Zimbabwe with initial normal liver function who developed fulminant liver failure six months after initiating 

atripla, also in 2013 Echenique and colleagues reported on a 40-year old female without any other liver risk 

factors that developed increase in transaminases eight months after starting atripla, which disappeared 

upon discontinuation, and finally in 2008 Lattuada and colleagues described three cases that developed 

increase in liver enzymes after TDF was added to an EFV-containing regimen [403, 406, 407]. In these studies, it 

is, however not possible to determine the relative contribution of each of the individual drug components. 

The original registrational trails for TDF did not suggest increased risks of hepatotoxicity, but the limited 

size and constitution of those included in such trials may have prevented them to catch any such presumed 

relatively rare events [408-410]. The potential for TDF to cause liver steatosis and toxic hepatitis is however 

included in the drug package insert and acknowledged in international guidelines [6, 411].  As the TDF relation 

to ESLD/HCC was unexpected it is crucial for other large study to investigate if they can reproduce these 

findings in PLWH with/without viral hepatitis. In a European collaboration of HIV- and HBV co-infected 

persons (n= 3,625), TDF use did not impact the incidence of HCC over time [412], but as TDF was prescribed 

to 72% of the cohort, the number of events considerately smaller and focused on HCC (n=60 events) 

exclusively in HIV/HBV-coinfected persons, results are difficult to compare directly. Importantly, however 

our findings were consistent when analysing the HCC and ESLD events separately and excluding those with 

HBV co-infection (20%). If the risk of terminal liver failure decreases in persons that have discounted TDF 

use that would further support a causal relation, but no study to date have been adequately powered to 

assess such a relation. Equally it would be highly relevant to test if the association is also observed for 

persons using TAF, but to date to too limited follow-up date on TAF have accrued for such reliable analyses.  

Use of NNRTIs and liver outcomes                                                                                                                                  

Use of nevirapine (NVP), efavirenz (EFV) and rilpivirine (RPV) have all been described to adversely impact 

liver function by causing toxic hepatitis [390, 406, 413-416]. In this analysis, however, we only found that longer 

cumulative use of NVP, was significantly associated ESLD/HCC, but with a reduced IRR of 0.76 per 5 years 

use ([0.58 –0.98]). Use of NVP is contraindicated in persons with cirrhosis CHILD-Pugh class B and C, and 

awareness of NVP associated acute liver impairment could cause a greater likelihood of NVP 

discontinuation in case of liver enzyme increase potentially leading to an association confounded by 

indication [6]. An alternative explanation is that any adverse liver effect of NVP is only acute and does not 

cause terminal liver failure. Use of EFV is further recommended with caution in case of liver impairment,  

and could possibly also explain the lack of an association [6]. 

Use of PIs and liver outcomes                                                                                                                                         

Whilst ATV may commonly cause hyperbilirubinemia and rarely cause cholecystolithiasis we did not find 
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evidence of a significant association with ESLD/HCC [6]. Likewise the other recent D:A:D analysis 

investigating impact of individual ARVs did not find use of ATV for more than two years lead to higher rates 

chronic liver enzyme elevations [401]. (Fos)amprenavir (APV) was the only PI associated with ESLD/HCC (1.47 

[1.01– 2.15] per 5 years) in our analysis, Figure 19. APV is now rarely used, but has in the past commonly 

been associated with increased liver enzymes, but as also been used for calculating dose recommendations 

for various levels of liver impairment which may have led to confounding by indication [417, 418]. There are no 

described direct adverse liver effects of DRV, and at the time of this analysis we had inadequate power to 

investigate this association reliably for ESLD/HCC in D:A:D, however another D:A:D analysis on chronic liver 

enzyme elevation and a small Italian cohort did indicated good liver safety for DRV [6, 382, 401]. There have 

been speculations about PI induced dyslipidemia and risk of non-alcoholic fatty liver disease (NAFLD, see 

below), however findings have been inconclusive and to date recommendations for treatment of NAFLD 

does not include considerations of ART modifications [6, 419, 420]. The lack of a statistically significant 

associations for commonly used PIs during the extended follow-up time in D:A:D is an important finding as 

this suggested that longer cumulative use of this class can be safely administered in PLWH from a terminal 

liver perspective. 

Use of INSTIs and liver outcomes                                                                                                                                      

In 2016 we did not have adequate power in D:A:D to reliably analyse potential impacts of longer use of 

INSTIs on ESLD/HCC risk given the individual INSTIs were introduced into clinical care significantly later than 

the other ARVs investigated. An upcoming project in the RESPOND cohort, using a similar definition of 

ESLD/HCC is planned to investigate this question. Meanwhile only few smaller studies have suggested that 

individuals with NAFLD switching to an INSTI from a PI/r or EFV had less steatosis [420, 421]. 

The ARV-associated ESLD/HCC incidence estimations presented in the study are as in other D:A:D analyses 

of a conservative nature. As D:A:D is a pharmacovigilance study maintaining a very high degree of certainty 

for clinical event ascertainment is crucial. The observational nature of the study further means that despite 

our efforts when designing the analysis, we cannot completely rule out that the associations observed are 

confounded by indication. The current lack of a potential biological mechanism linking TDF use to incident 

ESLD/HCC is an important limitation for causal inference as per Bradford Hill. However, the robustness of 

the association in several sensitivity analyses, the reproducibility using an alternative endpoint of chronic 

liver enzyme elevation and the similar magnitude and biological gradient to that of other investigated NRTIs 

calls for further investigations. The D:A:D study does not systematically collect information on alcohol 

consumption. While alcohol is important for ESLD/HCC development, it is however unlikely to confound the 

choice of ART, and therefore not likely to have impacted the associations observed for individual ARVs. 
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Figure 19, Association between ESLD/HCC and cumulative (per five years) use of ARVs [55]

 

Figure 20, Current, cumulative and past ddI and d4T use and rates of ESLD/HCC [55]

 

Prognosis                                                                                                                                                                                               

As expected from the general population the prognosis following an ESLD/HCC diagnosis was poor [368]. The 

1-year estimated mortality rate was 63% and the median survival was 0.3 years vs 6-12 months in the 

general population. A total of 52 of the 319 cases (16%) were diagnosis on the date of death. Even after 

removal of those dying at the date of diagnosis the 1-year mortality rate remained high (55.0%) with a 

median survival of 0.7 years. A 2006 Spanish study by Mercante and colleagues described a 1-year mortality 

rate 40% of  for HIV/HCV co-infected persons with decompensated cirrhosis [422]. The worse prognosis in 

D:A:D is likely related to having a more severe ELSD case definition, as such ascites is often a first symptom 

of decompensated cirrhosis, which was excluded from this analysis. Encephalopathy, hepatorenal 

syndrome and HCC are commonly later occurring. The Child-Pugh score (based on bilirubin, albumin,  

international normalized ratio (INR), stage of ascites and encephalopathy) and Model for End-Stage Liver 
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Disease (MELD) score (bilirubin, INR and creatinine) are the most widely used tools internationally for ESLD 

prognostication, and are also recommended for PLWH with ESLD[6], Table 3. In D:A:D, unfortunately we did 

not have sufficient systematic data on all of these variables to calculate these prognostic scores. The impact 

of HIV-status on the prognosis after ESLD/HCC is unclear, and due to lack of a control group we were also 

unable to assess this question in D:A:D. 

Table 3, survival of HIV-indeterminate persons with ESLD stratified by CTP and MELD scores [368] 

 

With the significant improvements in HCV management related to use of highly efficient direct acting 

agents (DAAs) in recent years the incidence of ESLD is declining in PWLH cured for HCV [423].  As a large 

percentage of the cases of ESLD/HCC in D:A:D had HCV (>70%), this will change the entire disease spectrum 

of ESLD and HCC in PLWH within a short period of time. In recent years, focus on alcoholic and non-

alcoholic fatty liver disease has been increasing in PLWH and efforts are needed to improve insights into 

risk factors and impact of HIV, improvements in non-invasive diagnostics and management to avoid an 

evolving epidemic of fatty liver diseases related ESLD/HCC in ageing PLWH [396, 419] .  

While it is generally recommended to screen regularly (every 6 months) for HCC in all cirrhotic individuals, a 

recent study by Willemse and colleagues from the Collaboration of Observational HIV Epidemiological 

Research in Europe (COHERE) demonstrated only 5.4%  of HIV and viral hepatitis co-infected persons were 

screened according to guidelines in 2005 and 14.2% in 2014 [6, 424]. The 2016 study from NA-ACOORD further 

found that more than a third of the cohort with HIV/HBV co-infection did not have TDF included in the ART 

as generally recommended [6, 386]. With the bad prognosis related to an ESLD/HCC diagnosis it is crucial to 

optimise basic management in PLWH to prevent progression to terminal liver failure and death. The EASL 

Guidelines further recommend using the PAGE-B score for HCC risk prediction for Caucasians, but this has 

not been validated in HIV [425]. As for CVD and CKD, an ESLD/HCC prediction tool in PLWH would be 

important to help identify those at increased risk and facilities focused management of risk factors where 

possible. However, one of the challenges related to building such a score if the often-inadequate 
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information on alcohol consumption. Liver transplantation is the only treatment for ESLD, and considered 

safe in PLWH, and should be considered as in HIV-negative if the Milan criteria are fulfilled [6].  

Conclusions, limitations and perspectives                                                                                                                                                                                       

For the first time we described a relatively low incidence of centrally validated ESLD/HCC in a large 

heterogeneous cohort of PLWH. ESLD/HCC was predominantly seen in individuals with viral hepatitis 

coinfection. The prognosis following a diagnosis of ESLD/HCC was very poor highlighting the need for 

improved care and preventional strategies. With the significant advances in treatment for especially HCV 

the spectrum of terminal liver disease is likely to change considerately in coming years in PLWH, especially 

in middle- and high-income countries with free access to treatment with direct acting antivirals (DAAs), and 

likely other causes such as NASH and alcohol will likely become the main determinant of ESLD/HCC in 

PLWH. 

Cumulative use of ddI, d4T, TDF and APV was independently of other liver risk factors associated with 

increased rates of ESLD/HCC. Whilst we are unable to rule out confounding by indication and impact of 

unmeasured confounders our findings were confirmed in another D:A:D analysis focusing on chronic liver 

enzyme elevation in PLWH without viral hepatitis co-infection and in several sensitivity analyses. After 

cessation of d-drugs the risk of ESLD/HCC persisted even several years the drugs were discontinued, and 

therefore advice to consider avoidance of d-drugs whenever possible, but also to consider an intensified 

monitoring of liver function and avoidance of hepatotoxic compounds among those with longer-term 

expose to d-drug. This builds on evidence linking use of d-drugs to liver steatosis, non-portal hypertension 

and fibrosis.  As discussed above the unexpected, and viral hepatitis independent, association with use of 

TDF calls for further investigation including assessment for reproduction in other large studies. Likewise, it 

will be important to assess the potential impact of TDF discontinuation on ESLD/HCC incidence. 

Furthermore, investigations of TAF use will be essential to investigate if there are intrinsic hepatotoxic 

effects related to tenofovir, or if the lower tenofovir plasma concentrations with TAF provide a differential 

impact on terminal liver impairment.  Finally, there is a need to address the safety profile of newer ARVs 

incl DRV, DOR and all INSTIs on hard liver endpoints such as ESLD/HCC, and a study in the RESPOND 

collaboration is currently planning to address this question in 2021 when adequate power has 

accumulated.  
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Chapter 8 Management of Comorbidities in PLWH 

As discussed in chapter 3 the clinical management of HIV extent far beyond that of ART [6], and findings that 

several non-AIDS comorbidities continue to be seen at higher rates in PLWH compared to the HIV-negative 

population and in common disease clusters underlines the need to ensure correct and timely management 

of these conditions [60, 67, 71, 281].  

Joint care of PLWH with comorbidities with other specialties are highly recommended by EACS and others 

international guidelines i.e. referral to a nephrologist is relevant in case of RP of eGFR decline, low eGFR, 

substantial proteinuria or any level of hematuria [6, 29].  Referral to a cardiologist may be considered for 

asymptomatic persons with high risk of CVD [281]. Likewise, all cases of liver cirrhosis in PLWH should prompt 

joint care with a  hepatologist to ensure regular screening for decompensation including varices and HCC [6]. 

In case of terminal organ failure transferal for transplantation should be considered in PLWH with the same 

criteria as for the general population. In addition, the PLWH should be fully virologically suppressed, have a 

CD4 count >200 cells/mm3 (>100 cells/mm3 for liver transplant), and no active opportunistic infection or 

HIV-associated malignancy [6]. 

Our analysis of SCE after CKD (paper 7) illustrated that PLWH with even moderate levels of CKD had 

substantially higher morbidity burden than those without CKD [72]. EACS Guidelines and KDIGO recommend 

a thorough work-up in those with signs of renal impairment to identify and treat possible offending 

modifiable risk factors such as uncontrolled HIV, diabetes, hypertension, viral hepatitis co-infection and use 

of nephrotoxic drugs including ARVs with nephrotoxic potentials [6, 86]. In case of proteinuria or 

hypertension it is further recommended to initiate treatment with an angiotensin-converting enzyme (ACE) 

inhibitor or angiotensin-II receptor antagonist. Acknowledging the close relation between CKD and CVD 

optimisation of lifestyle factors including smoking, diet and dyslipidemia are also recommended [6, 281]. 

Several ARVs and other drugs further require dosage adjustment in case of CKD [6, 86]. Additionally, it is 

important to limit use of other nephrotoxic substances such as NSAID. With more advanced levels of CKD 

there is further often a need for symptomatic treatment of complications related to electrolyte 

derangement, low vitamin D levels, acidosis, anemia and fluid overload which follows recommendations in 

the general population [29].  

Based on the 10-year predicted CVD risk EACS and other international guidelines recommend primary and 

secondary CVD prophylaxis concentrate on modifiable risk factors such as diet, exercise, smoking cessation, 

and management of hypertension, diabetes and dyslipidemia [6, 281]. In 2019 the threshold for considering 

ART modifications was further lowered from 20 to 10% 10 years risk by EACS [6]. In 2016 a D:A:D study 
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found that the one-month mortality rates after a centrally validated type I MI improved substantially over 

time in PLWH from 27% in 1999-2002 to 8% 2011-2014 [279]. The reason for this improvement was largely 

explained by an increased use of medical interventions such as lipid-lowering agents as secondary 

prophylaxis. Increased use of such interventions for primary prophylaxis has also led to lower incident MI in 

the KP cohort in recent years [276]. Despite this encouraging data, another D:A:D study highlighted great 

inequality in CVD management as women living with HIV were systematically undertreated for most CVD 

risk factors as opposed to men living with HIV [367].  Another study found that PLWH with HIV-related 

symptoms had lower chances of being treated with revascularization after a ST-elevation MI (STEMI) than 

were PLWH without HIV-related symptoms and HIV-negative controls [426]. PLWH, and in particularly those 

with symptomatic HIV are at increased risk of type II MIs (secondary MIs not related to underlying 

atherosclerosis) which can be a diagnostic challenge, but ensuring unlimited access to evaluation of 

revascularization regardless of HIV status is key [427]. The cross-sectional AgehIV study found that Dutch 

PLWH and HIV-negative controls were equally sub optimally managed for primary and secondary 

prophylaxis for CVD [428]. A 2016 EuroSIDA study further described that medical treatment of common CVD 

risk factors could be further improved across Europe in that only 33% of those with clinical indication for 

CVD risk modification stopped smoking, 20% improved cholesterol levels and 25% lowered increased BMI 

levels [278]. However, there were also indications that management has improved over time for certain 

factors (i.e. hypertension and smoking) in more recent calendar time.                                                                            

In addition to the treating modifiable CVD risk factors and performing revascularization increased efforts 

are currently addressing impact of interventions directed to the increased levels of HIV-related ongoing 

inflammation and coagulation activation [4, 280, 290, 295]. A recent modelling analysis based on D:A:D data have 

suggested that use of pravastin (which in addition to lipid lowering properties also has anti-inflammatory 

effects), is cost-effective in lowering risks of CVD in PLWH aged 40-75 years, but RCTs are needed [429]. A 

small pilot study in 2013 suggested that one week of aspirin use had potentials to lower immune activation 

and increased levels of platelet activation, and a 2018 study further suggested that aspirin use reduced ABC 

induced platelet activation and hyperreactivity, but were unable to address subsequent impact on CVD risk, 

calls for studying longer term outcomes in prospective studies[430, 431]. 

As co-infection with viral hepatitis increases risks of ESLD in PLWH considerately effective treatment against 

HBV and HCV is key. All PLWH and HBV should have an ART regime containing a tenofovir backbone (as TDF 

or TAF), and if not tolerated treatment should include entecavir. 3TC is also active against HBV, but has a 

lower genetic barrier [6]. All PLWH and HCV should be considered for DAA treatment regardless of fibrosis 

stage. The decision on which DAA combination to use will depend on the HCV genotype, disease stage and 

prior treatment history (including testing for resistance) and potential drug-drug interactions with ART and 
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other ongoing treatment [6]. As discussed for paper 10 modern DAA treatment is highly effective in clearing 

HCV co-infection and thereby lowering incidence of ESLD/HCC, however recent study from the US suggest 

there are substantial racial inequality in access to care [432]. In addition to viral hepatitis, it is recommended 

to systematically assess modifiable factors including use of ARVs and other drugs with hepatotoxic 

potentials, alcohol use/overuse, metabolic syndrome and diabetes [6]. Like CKD, several drugs require 

dosage adjustment in case of hepatic impairment. In case of possible relation to alcohol, abstinence is 

recommended. In case of non-alcoholic fatty liver disease diet and exercise are central, other treatment 

modalities (including use of pioglitazone and vitamin E) have not been investigated in PLWH and should be 

discussed with hepatologists [6]. For persons with cirrhosis symptomatic treatment is directed to treatment 

of hypervolemic hyponatremia (i.e. fluid restriction), ascites (i.e. diuretics and drainage), encephalopathy 

(i.e. lactulose) and varices (i.e. propranolol).  

Many of the common comorbidities in PLWH are closely related with considerate overlaps in their risk 

profiles as also discussed in paper 7, i.e. diabetes is a risk factor for both CKD, CVD and liver impairment, 

and CKD in turn increase CVD risks [67, 72]. In NA-ACCORD Althoff and colleagues estimated that prevention 

of hypertension would avoid 39% ([26- 51%]) of ESRD cases and 42% [28-56%] of all MIs. No smoking or 

increased cholesterol would further prevent 37% [7-66%] and 44% [30-58%] of MIs respectively. Avoidance 

of alcohol use and HCV infection would result in 35% ([9-60%]) and 33% ([17-48%]) lower risk of ESLD [73].   
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Chapter 9 Limitations   

As highlighted in the introduction and discussed in the above chapters the primary limitation of the studies 

of this dissertation is the basic observational nature and hence the lack of causal inference for the observed 

findings. Risks of residual confounding should in particular be acknowledged and include both unmeasured 

and unknown confounders. In addition to the factors already discussed for the individual papers use of non-

prescription drugs such as non-steroid anti-inflammatory drugs (NSAID) may work in different directions for 

different clinical outcomes i.e. aspirin, when taken continuously, may lower CVD risks, while ibuprofen may 

increase risks of CKD especially if co-administered with TDF [4]. In large study settings is not possible to 

reliably capture use of such over the counter drugs and therefore we are unable to address the impact of 

any such usage. Dosage information is also not systematically available in D:A:D, which was raised as a 

particular concern for paper 8 investigating associations between use of modern PI/r and CVD. However, 

we tried to account for this in several different ways by conducting sensitivity analyses looking specifically 

at the situations in which different dosages would be considered (i.e. virological failure) and did not find 

evidence of a differential association [53]. D:A:D also do not collect information on use of generic ARVs but is 

has been considered to conduct a survey amongst still active cohorts to obtain such data. Co-infection with 

CMV and the related immune response has both in PLWH and in the general HIV-indeterminate population 

been associated with increased risk of CVD.  However, such data are not systematically collected in D:A:D 

and we were therefore unable to control for this effect directly [296, 433] . As discussed D:A:D also did not 

collect data on proteinuria or other urinary markers. The lack of proteinuria prevents us from providing a 

more detailed CKD subclassification, but more importantly may likely have underestimated associated 

outcomes including CVD and mortality after CKD. We also do not have data on use of non-pharmacological 

interventions such as physical activity and dietary advice to promote weight loss and treat dyslipidemia and 

hypertension. Intake of creatinine may further have artificially lowered eGFR.  

Confounding by indication is another major intrinsic limitation of observational studies. When designing our 

analyses and we have tried to take as many potentially confounding factors into account, but we will never 

be able to control for this entirely as we are not able to fully control for all factors impacting choice of one 

ART regime over others. Use of propensity scores and marginal structural models have been suggested as 

alternative statistical approaches to overcome this limitation in observational studies, however in D:A:D 

such analyses have to date not provided robust results.  

For the papers assessing renal function in PLWH we used confirmed eGFR measurements. Whilst this is in 

accordance with international guideline recommendations eGFR is only a surrogate measure of renal 

function. As systematic use of measured glomerular filtration rate is infrequent and continuous dialysis and 
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renal transplantation remain relatively rare events in PLWH this approach will likely continue in the years to 

come, although in more recent years more studies have started to collect data on proteinuria. 

As discussed in the method section missing data was handled in several different ways to limit introduction 

of bias. None of the key variables or outcomes assessed were missing at rates that may have significantly 

impacted on the main study conclusion but may have underestimated some of the described associations 

i.e. for smoking and hypertension.  

It can further be discussed what is the better way for a study to accumulate persons years of follow-up; a 

comparatively smaller study with extensive follow-up time or a larger study with comparatively shorter 

follow-up time. In D:A:D study was in a position of both having a very large size for any observational HIV 

study allowing for substantial heterogenicity and having extended follow-up time due to the longlivity of 

the study allowing for more detailed insights into temporal dynamics. However, even with the size and 

follow-up time in D:A:D for some of the analysis with a more recent baseline the exposure time on certain 

ARVS may be inadequate for rare clinical outcomes taking longer time to develop as discussed for paper 4. 

Conversely it can be argued that if the D:A:D study is unable to detect a significant association with an ARV 

the risk of any potential adverse effect is likely relatively small. 

 

Whilst there is already considerate biological plausibility for several of the findings reported, others remain 

to be explored as part of evaluating Bradford Hill criteria for causality as discussed for each of the individual 

papers. However, as also underlined in the introduction section, the D:A:D study was a pharmacovigilance 

study designed to systematically assess ARV associations with clinical outcomes in large heterogenous 

settings - confirming those safety signals and hypotheses generated based on our data and finding 

biological mechanism is something that should be carried out by other groups with access to appropriate 

data sources.  
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Chapter 10 Conclusion and Perspectives                                                                                                                                 

Over the last two decades substantial data on non-AIDS comorbidities and adverse drug effects in PLWH 

have accumulated. Some may even claim that by 2020 we know almost everything there is to know about 

non-AIDS morbidity. The studies included in this dissertation have brought us some steps closer to 

understanding the complexity of renal, liver and atherosclerotic cardiovascular disease in PLWH. Based on 

the large D:A:D study we have assessed the incidence of these non-AIDS conditions (papers 4,7-10), 

identified key predictors and quantified their relative importance (papers 1-4 and 8-10). We have also 

identified specific ARVs for which there are concerns about long-term cumulative adverse drug effects 

(papers 3,4, 6, 9-10) and equally important identified other ARVs for which there is no evidence for such 

adverse related risks (papers 4, 9-10). We have built and validated a CKD prediction model to aid 

identification of those at risk and to estimate consequences of using ARVs with nephrotoxic potentials to 

help improve and personalise HIV care (paper 6). Finally, we have documented a severe prognosis related 

to CKD and ESLD/HCC (papers 5,7, 8, 10).                     

In the early days of the HIV epidemic the risk of detrimental effects of ART were greatly outweighed by risks 

of opportunistic diseases and death in untreated individuals. In the current modern ART era improved 

insight into the HIV pathogenesis has led to development of ART that is considerately less toxic, but 

detrimental effects of ART may still contribute to significant morbidity and low quality of life in PLWH. 

Whilst the strength of the reported ARV-associations on clinical liver, renal and CVD outcomes can seem 

relatively small compared to other risk factors, the cumulative nature of these drug relations and the 

lifelong treatment duration should be taken into consideration. Further, it is key to appreciate that the risk 

estimates are relative risks and therefore will impact different PLWH differently according to their absolute 

risk of a given complication. In example if your underlying absolute risk is low then a doubling of that risk 

due to use of a specific ARV will still mean a low overall absolute risk. Conversely, if your underlying risk is 

moderate to high then a doubling of that risk may entail considerate likelihood of developing organ 

impairment and less toxic treatment options should be considered. This is also reflected in the 

differentiated NNTH across risk strata i.e. 1 in 603 persons for those at low CKD risk on TDF vs. 1 in 9 

persons for those at high CKD risk on TDF. 

Whilst the understanding of the type and distribution of comorbidities and adverse drug toxicities in PLWH 

has increased greatly, our knowledge remain incomplete on several essential points.                                              

Real life data of several newer ARVs including INSTIs, TAF, doravirine, cabotegravir, ibalizumab and the 

pharmacological booster cobicistat, and the interplay with genetic factors are only now starting to be 

systematically undertaken [50, 434]. Based on the registrational RCTs, it was long believed that INSTIs had only 
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very limited toxicity profiles, however data from real life experience is starting to emerge suggesting 

considerately higher risks of CNS-toxicity for PLWH on DTG compared to other INSTIs and some evidence to 

suggest use of INSTIs increase body weight [6, 50]. Likewise, long-lasting ARVs are likely to soon become part 

of clinical care with additional considerations on optimal management and potential toxicities [435]. Insights 

into the reversibility potentials for several ARV-associated clinical outcomes including use of DRV/r for 

incident CVD and TDF for ESLD/HCC also remain limited.  

Use of several NRTI-sparing regimens of only two active ARVs have proven effective in controlling HIV, and 

3TC plus DTG was in 2019 included as a first line treatment option in EACS [6]. A 2DR may also be considered 

for those at high risk of or prevalent CKD or those with NRTI-related toxicity. A recent analysis for RESPOND 

did, however, not show a difference in shorter-term clinical outcomes in those on a 2DR vs a 3DR, but 

longer follow-up data is warranted to fully appreciated the impact of the this treatment strategy [436]. 

Continued large scale systematic pharmacovigilance studies like RESPOND using validated and hard clinical 

endpoint remain a crucial addition to RCTs to ensure reliable real-life capture of unexpected trends in 

morbidity and mortality, and assessment of how to best tailor ART to fit the individual needs of PLWH as 

part of a personalised medicine approach. Continued application of the Bradford Hill criteria in evaluating 

evidence of causality also remain key. We are further still some way from fully understanding who will 

develop adverse drug effects and who will not. Clinical prediction scores may, as discussed, contribute to 

identify those with increased risk of toxicities, but as recent data has illustrated there are unmeasured 

factors such as genetic predisposition that play an important role, and therefore efforts should be put into 

identifying such components to be included in every day clinical practice [175].          

Moreover, whilst the work of this thesis has concentrated on renal, liver and atherosclerotic cardiovascular 

diseases, the range of comorbidities among PLWH reaches far beyond these three disease entities. 

Especially non-AIDS cancers remain an underdeveloped area in terms of risk profile, screening, 

management and outcomes in PLWH due to the vast heterogenicity of individual cancers. The RESPOND 

cohort is continuing the work from D:A:D in collecting and validating cancer events in a large cohort to 

ensure adequate number of individual cancer cases to allow for robust analyses.  

Several groups of PLWH remain systematically underrepresented in studies of comorbidities and adverse 

drug effects. The lack of high-quality data on women living with HIV reflects such a major gap in knowledge 

[437, 438]. Further, some data suggest that women living with HIV are suboptimally managed i.e. for CVD [367]. 

The US Women's Interagency HIV study (WIHS) and the Women Against Viruses in Europe (WAVE) initiative 

in EACS aim to close these gaps and to promote equality in access to care 

(https://www.eacsociety.org/wave/about-wave/wave.html).                                                                                                                                                                   
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Persons of African origin, and particularly those living in the US, have disproportionally high rates of several 

comorbidities- an observation true for both those with and without HIV [316, 439, 440]. To disentangle the 

relative impact of genetic predisposition and lifestyle factors from HIV-related factors and ART toxicity 

studies focusing on comorbidities in PLWH of African ancestry in different geographical regions will be 

important. Whilst the DART trail, suggested ART can be safely delivered without regular screening for organ 

disease, the long-term impact of this strategy remains to be evaluated broadly amongst ageing and high 

risk Sub-Saharan populations of PLWH [192].                                                                                                                                                                                    

Studies investigating non-AIDS events in adults perinatally infected HIV will in the coming years have grown 

adequately to contribute additional insights into the pathogenesis of non-AIDS events. Difficulties in 

disentangling the effect of HIV itself to that of lifestyle and social factors closely related to acquiring HIV 

(i.e. use of recreational drugs and risk-taking behaviors), may be improved by investigating non-AIDS 

morbidity in perinatally infected persons [80]. Similarly risks of long-term adverse effects in HIV-negative 

persons using PrEP are unknown, but may also contribute to disentangle the impact of HIV status [441].                                                                   

Irrespective of the reasons we are faced with an ageing population of PLWH experiencing disproportionally 

high rates of non-AIDS morbidity and multimorbidity [6, 279]. Concepts of frailty, polypharmacy, drug-drug 

interactions, drug-disease interactions and disease-disease interaction need to be carefully considered and 

managed. These concepts are already well-incorporated in geriatric medicine but remain a relatively new 

consideration for many of those carrying for PLWH and call for a close collaboration between specialties [6]. 

The EACS Guidelines were formed to ensure that scientific advances were communicated directly to those 

involved with everyday HIV care in a comprehensive and timely manner, and to help integrate these many 

different facets of HIV management. It is a great privilege to take part in that process. Whilst insights into 

ageing, comorbidities and HIV management is evolving, HIV guidelines have continued to expand in size, 

and screening recommendations have become extensive [5, 6]. In the coming years efforts should be made 

to prioritise these recommendations as they are not all necessarily equally important for all PLWH. 

Obtaining a better understanding of which interventions are most effective and at which disease stage is 

essential, as is clarifying the impact of moderating HIV-related systemic inflammation and coagulation 

activation [6, 102, 122, 272]. Multidisciplinary clinics to accommodate the complex needs of PLWH and 

multimorbidity. Whilst their longer-term utility has not yet been evaluated, the initiative is inspiring and 

may improve communication between specialties and ultimately help ensure a more coherent and 

effective HIV care. Prerequisite for a continued success of clinical management of PLWH is the conduct of 

high-quality and well-powered studies. If the society of HIV clinicians, researchers and policy makers 

collectively manage to move these activities forward, there is good reason to believe that PLWH will be 

facing a brighter future.  
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English Summary                                                                                                                                                                 

The publications included in this dissertation consist of nine original papers and a review paper, published 

between 2013 and 2020. All papers are based on the large D:A:D study, upon which we utilised the 

substantial heterogenicity, systematic data collection and rigorous event classification. Whilst effective ART 

has significantly improved survival and lowered frequency of AIDS-related outcomes PLWH continue to 

experience disproportionally high rates of non-AIDS morbidities. All papers of this dissertation aim to 

improve management of PLWH by disentangling the complex relative contribution of individual risk factors 

for renal, liver and cardiovascular disease and describe occurrence and outcomes.                 

It was unclear if the relation between immune suppression and CKD was best characterised by severity or 

duration of immune suppression. Among almost 34,000 PLWH all measures of immune dysfunction 

predicted CKD, but most strongly for the relative duration of immune suppression with 23% increased CKD 

incidence. We also described an interaction with the CKD prediction score in which immune suppression 

impacted those at lowest estimated renal risk most strongly.  

 
We have previously shown that use of TDF, LPV/r and ATV/r was independently associated with chronic 

renal impairment in PLWH also in persons with initial normal renal function. Additional power allowed us to 

expand this finding and conclude that the association between extended use of each of these ARVs and 

CKD is cumulative in nature with a steady year on year increased CKD risks and no indication that the 

association levels off over time.  

 
DRV/r is currently one of the most commonly used PIs, however, as it is also one of the newest PIs no study 

had been adequately powered to address potential renal adverse effects reliably. Amongst almost 28,000 

PLWH and almost seven years median follow-up we did not find evidence of a strong or gradually 

increasing risk of CKD with DRV/r. We did however confirm a cumulative association between CKD and 

ATV/r, another contemporary PI.  

 

We assessed eGFR outcomes in PLWH progressing to chronic renal impairment to gain more insights into 

prognostics and related risk factors. We showed that 21% subsequently improved eGFR, whilst 67% 

stabilised and 12% progressed in eGFR. Those on TDF and ATV/r had lower odds of a more favorable renal 

outcomes, whilst those who discontinued these ARVs > 12 months had similar outcomes as those never 

exposed to the ARVs. This finding provides reassurance that the ARV-related renal effects may be haltered 

or reversed if use is discontinued in time. 
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To aid identification of PLWH in risk of CKD we developed a 5-year CKD prediction score including nine 

variables; age, gender, IDU, HCV, baseline eGFR, nadir CD4 count, diabetes, hypertension and prior CVD. 

The proportion estimated to progress to CKD at low CKD risk was 1 in 393, and 1 in 6 at those at high CKD 

risk. For use of TDF and ATV/r estimated CKD risk increased from 1 in 603 in those at low estimated CKD 

risk to 1 in 9 for high risk persons. The model was externally validated with good discrimination. 

 

Having uncovered risk factors for incident CKD we investigated the burden of serious clinical events 

following CKD and predictive factors. PLWH and CKD had a poor prognosis with almost one in three 

experiencing a serious event within five years, and the five-year mortality rate exceeded 15%. The most  

common events were death, NADM, CVD and AIDS. Several modifiable risk factors acted as both CKD  

initiators and perpetrators for CKD-related events including poor HIV status, diabetes and smoking. 

 
CVD and CKD share several risk factors, but the relation between different eGFR strata and CVD in PLWH 

was unclear. At 5 years <2% of PLWH with normal eGFR developed CVD compared to 20% of those with 

eGFR ≤30 mL/min/1.73 m2. Increased age explained much of the association between eGFR and CVD for 

eGFR levels >30mL/min/1.73m2, however even mildly impaired eGFR increased CVD rates with 30%-40%. 

 
Whilst use of several older PIs are associated with increased CVD risk ambiguity existed for use of more 

contemporary PIs. During seven years median follow and including 1,157 CVD events we found that 

cumulative use of DRV/r, but not ATV/r, was associated with increased CVD rates of almost 60% per 5 years 

use. The NNTH for DRV/r was 533 in those at low CVD risk and 15 in those at high risk. This safety concern 

has led to recommendation of careful use of DRV in persons at increased CVD risks.  

 
Insights into ESLD/HCC in PLWH were sparse. We found an ESLD/HCC incidence of 1 per 1000 PYFU with 

>80% of cases seen in PLWH with viral hepatitis. Use of d-drugs increased ESLD/HCC rates with 32-46% per 

5 years use and persisted several years after discontinuation. TDF use (but not FTC or 3TC) was, 

independently of HBV co-infection, associated with 46% increased ESLD/HCC rates. This finding was 

confirmed in another D:A:D analysis using chronic liver enzyme elevation, but that calls for confirmation in 

other large studies. The prognosis after ESLD/HCC was poor with a 63% 1-year mortality rate. 

 

Aims for future large studies should include assessment of long-term cardiovascular, renal, liver, bone and 

cancer outcomes of newer ARVs including TAF, doravirine and INSTIs, assessment of the reversibility 

potential of the shown adverse ARV associations i.e. for DRV and CVD, impact of current management 

strategies and test of interventions targeted to HIV-related inflammation and coagulation activation. 
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Dansk Resume                                                                                                                                                         

Publikationerne inkluderet i denne afhandling består af ni originale manuskripter og et review publiceret 

mellem 2013 og 2020. Alle manuskripter er baseret på D:A:D studiet, hvor vi benyttede os af den betydelige 

studie heterogenitet, systematiske dataindsamling and stringente event klassifikation. Effektiv ART har 

signifikant bedret overlevelsen og reduceret forekomsten af HIV-relateret sygdom, men PLWH oplever 

fortsat en disproportionalt høj forekomst af forskellige komorbiditeter. Alle manuskripter i denne 

afhandling som formål at forbedre den kliniske håndtering PLWH ved forsøg på af afklare det relative 

bidrag af individuelle risikofaktorer for udvikling af nyre, lever and kardiovaskulær sygdom og beskrivelse af 

såvel sygdomsforekomsten samt prognosen.               

I litteraturen er det uklart, hvorvidt relationen mellem immunsuppression og CKD bedst kan forklares ved 

sværhedsgraden eller varighed af immunsuppression. Blandt næsten 34,000 PLWH prædikterede alle 

immunfunktions markører CKD, men stærkest var relation til den relative varighed of immunsuppression 

med en 23% øget CKD incidens. Vi beskrev også en interaktion med den estimerede CKD-risiko med en 

kraftigere effekt af immunsuppression hos de med lavest estimeret CKD-risiko. 

 
Vi har tidligere vist at brugen af TDF, LPV/r og ATV/r uafhængigt af andre faktorer er associeret med kronisk 

nyresvigt også hos PLWH med initial normal nyrefunktion. Akkumulation af yderligere statistisk styrke 

muliggjorde en mere detaljeret analyse af de temporale associationer, og vi kunne vise at relationen 

mellem brugen af disse ARVs og udvikling af CKD er af kumulativ natur med en stabil øgning af CKD 

incidensen med hvert ekstra års yderligere eksponering, og uden evidens for at associationen flader ud 

over tid. 

 
DRV/r er aktuelt en af de mest brugte PIs, men også en af de nyeste, hvorfor ingen studier har haft den 

nødvendige statistiske styrke til at kunne adressere mulige renale bivirkninger.  Blandt næsten 28,000 

PLWH og næsten syv års median opfølgning fandt vi ikke evidens for en stærk eller gradvis stigende 

incidens af CKD med længere tids brug af DRV/r. Til gengæld bekræftede vi tidligere fund med en fortsat 

kumulativ association mellem længere tids brug af ATV/r, en anden moderne PI, og CKD. 

 

Med henblik på at øge indsigten i prognosen efter kronisk nyresvigt og relaterede risikofaktorer undersøgte 

vi den efterfølgende eGFR udviklingen blandt PLWH, der aktivt progredierede til kronisk nyresvigt. Vi fandt 

at 21% opleverede bedring i deres eGFR, mens hhv. 67% stabiliserede deres nyrefunktion og 12% 

progredierede yderligere med faldende eGFR. De, der forblev på TDF eller ATV/r, havde lavere odds for en 

mere favorabel nyre prognose, mens de, der ophørte brugen af disse ARVs > 12 måneder, havde samme 

prognose som de, der aldrig havde været eksponeret for disse ARVs. Dette studie viser således at ARV-
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associerede renale bivirkninger kan bremses eller helt reverteres, hvis brugen af TDF og ATV/r stoppes i 

tide.   

 
Med henblik på bedret identifikation af PLWH med øget risiko for udvikling af CKD udviklede vi en 5-års 

CKD-prædiktions model med ni variabler; alder, køn, IDU, HCV, eGFR på baseline, nadir CD4 tal, diabetes, 

hypertension og tidligere CVD. Andelen, der progredierer til CKD fra en lav estimeret CKD-risiko var 1 af 

393, og 1 af 6 hos de med høj estimeret CKD-risiko. Brug af TDF og ATV/r første til en estimeret CKD-risiko 

på 1 af 603 for de med lav estimeret CKD-risiko og 1 af 9 for de med høj risiko. Prædiktionsmodellen blev 

eksternt valideret med en god diskriminations evne.  

 

Efter at have undersøgt risikofaktorer for incident CKD undersøgte vi byrden af alvorlige kliniske diagnoser,  

efter en CKD-diagnose og relaterede prædiktorer. Vi fandt at personer, der lever med både HIV  

og CKD har en alvorlig prognose, hvor næsten 1 af 3 oplever en alvorlig diagnose indenfor fem år, og  

femårs mortalitet oversteg 15%. Den mest almindelige kliniske diagnose var centralt valideret død, NADM,  

CVD eller AIDS-definerende sygdom. Flere modificerbare risikofaktorer virkede som både CKD  

initiatorer og forværrende faktorer for CKD-relateret sygdom inklusiv dårlig HIV-status, diabetes og rygning. 

 
CVD og CKD deler flere risikofaktorer, men relationen mellem forskellige eGFR strata and CVD hos PLWH 

var uafklaret. Vi fandt at efter 5 år udviklede <2% af PLWH med normal eGFR CVD, sammenlignet med 20% 

af de med eGFR ≤30 mL/min/1.73 m2. Alder forklarede en stor del af variationen mellem eGFR and CVD for 

eGFR niveauer >30mL/min/1.73m2, alligevel var selv milde grader af reduceret eGFR associeret med 30%-

40% øget CVD incidens.  

 
Mens brugen af flere ældre PIs er associeret med øget CVD-risiko, var det uklart om brugen af de mere 

moderne PIs ATV/r og DRV/r var associeret med same risiko. Over syv års median opfølgningstid og med 

1,157 CVD-tilfælde fandt vi at kumulativ brug af DRV/r, men ikke ATV/r, var associeret med øget CVD 

incidens på næsten 60% per 5 års brug. NTHH for DRV/r var 533 blandt de med lav CVD-risiko og 15 blandt 

de med høj risiko. Dette sikkerhedssignal har ledt til anbefalinger om forsigtig brug af DRV/r hos personer 

med øget CVD-risiko. 

 
Viden om ESLD/HCC hos PLWH var begrænset. Vi fandt en ESLD/HCC incidens på en promille og >80% af 

tilfældene var blandt PLWH med viral hepatitis. Brugen af d-drugs øgede ESLD/HCC incidensen med 32-46% 

per 5 års brug, og risikoen persisterede selv adskillige år efter brugen var ophørt. Brug af TDF (men ikke FTC 

eller 3TC) var, uafhængig af HBV co-infektion, associeret med 46% øget ESLD/HCC incidens Dette fund blev 
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konfirmeret I en anden D:A:D analyse med kronisk leverenzym forhøjelse, men kræver konfirmation i andre 

store studier. Prognosen efter ESLD/HCC var dårlig med en 1-års mortalitet på 63%. 

 

Fremtidige studier bør fokusere på langtidsprognosen for organ sygdomme og cancer relateret til brugen af 

nyere ARVs inklusiv TAF, doravirine or INSTIs, undersøgelse af reversibilitetspotentialet for de viste ARV-

associationer bl.a. for DRV og CVD, effekten af aktuelle kliniske behandlingsstrategier og test af nye 

interventioner rettet mod den HIV-relaterede inflammation and koagulation aktivering.  
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