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Purpose & Overview 
 

This presentation discusses the maximum mortality benefit for people with HIV infection that 
can be achieved with modern combination antiretroviral therapy and the accuracy by which life 
expectancy estimates can be made. Finally it addresses implications of a recent worldwide 
change in treatment recommendations. 

Objectives 
• To describe current antiretroviral treatment recommendation for HIV infection. 
• To describe changes in HIV-related mortality that have occurred over the last 20 years. 
• To describe predictors for mortality for people on stable antiretroviral therapy. 
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Emerged Consensus on HIV Treatment 
Combination Antiretroviral therapy (cART) has transformed the HIV epidemic by reducing the 
incidence of AIDS and related death and disease.(1) A major clinical trial to determine whether 
starting cART immediately upon HIV diagnosis rather than later, based on the level of CD4+ T-
cells will clinically benefit patients was terminated early in May of 2015 after the data and safety 
monitoring board determined that the study question had been answered.(2) Previously, data 
from randomized clinical trials only supported cART initiation in patients with CD4 <350 
cells/mm³ and, as a consequence antiretroviral treatment guidelines had differed globally with 
regard to the timing of treatment initiation in asymptomatic HIV-infection for many years. The 
multinational Strategic Timing of Antiretroviral Treatment (START) trial had enrolled nearly 
4,700 asymptomatic treatment-naïve patients with CD4 counts >500/mm3 in roughly equal parts 
from the Americas, Africa, and Europe. The median age was 36, the median CD4 count at 
enrollment 650 cells/mm3, and 27% were women. Patients were randomized to either receive 
cART immediately, or wait until reaching a CD4 <350/mm3 or a clinical indication (deferred 
treatment arm), which was the case in 48% of patients. After a median follow-up time of 2.8 
years the patients who had started cART immediately were found to have a hazard ratio of 0.43 
of reaching the primary end point which was combined risk of death, serious AIDS, or serious 
non-AIDS event (42 vs. 96 events). Almost twice as many patients died in the deferred 
treatment arm (21 vs. 12) but this difference was not statistically significant. After 5 years of 
follow-up the mean CD4 count had reached ~940/mm3 in the immediate treatment arm and 
~680/mm3 in the deferred treatment arm (~420/mm3 if cART was initiated). 

While also considering the enormous potential to curb the HIV epidemic (3) both the WHO and 
the European have now aligned their guidelines with the universal antiretroviral treatment 
recommendation that was part of the US guidelines since 2012. This move greatly increases the 
number of cART eligible people around the world: 
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National and Global Mortality Trends 
In the US of the mid 1990s, just before the availability of triple cART (“HAART”), HIV/AIDS 
had emerged as the leading cause of death among adults between the ages of 25-44.(4) Mortality 
rates for people living with HIV (PLWH) <55 years of age has since changed dramatically. The 
introduction of cART resulted in an average life expectancy (LE) increase after HIV diagnosis 
from 10.5 to 22.5 years from 1996 to 2005.(5)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 from (4)

Similar increases in LE of PLWH have been observed across the globe after the widespread 
introduction of cART. (6) Remarkably, in some regions of southern Africa with the highest HIV 
prevalence the life expectancy of the general population has increased by >10 years in the past 
decade.(7, 8) 
While life-expectancy and mortality for all PLWH have steadily improved in high-and low-
income countries with consistent use of cART in the past decade,(6) there are important 
demographic disparities that have been observed in high-income countries.  

Fig.2 Trends in LE for individuals initiating 
antiretroviral therapy at age 35 years. (6) 

Fig.3 Trends in AIDS related mortality in high-and 
low income countries(9)
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Normal Life Expectancy? 
During the first decade of the ‘HAART era’ LE improved less for African American males than 
for Caucasian males, and improved overall very little for intravenous drug users.(5) The 
mortality rate for PLWH >55 years (‘older people’) in our country has remained stable since 
1998.(4). On the level of the general population level any improvement of LE in older PLWH 
since 1998 (Fig.1) would have been offset by their ~2% annual increase among the overall 
PLWH population reaching 24% of all PLWH in 2012(10). Yet, it has not been established that, 
on a population level, older people benefit to the same degree from cART as younger ones do. 

There is a notion that PLWH on stable cART will have a ‘normal’ LE, i.e. comparable to a 
segment of the general population matched for HIV-typical risk factors like the smoking, drug, 
and alcohol use, and hepatitis co-infection.(11). For the past 5 years several large European 
cohort studies have reported such ‘normal’ life-expectancies for PLWH on stable cART after 
controlling for population based risk factors, particularly if cART was started early and/or 
patients had reached CD4 counts >500/mm3.(12-14)  

Yet the effect of earlier treatment on CD4 counts at a population level may be small as CD4 
counts at treatment initiation in New York City have only marginally increased over the past 7 
years despite a longstanding attempt at universal HIV treatment there.(15) 

Geographic Disparities 
There are significant differences between calculated life-expectancy estimates for PLWH in 
Europe and North America. While the data from the US is about 3 to 5 years less recent, cART 
induced LE at the age of 35 was only 23 years.(5, 16) This estimate was based on national HIV 
surveillance data(5) and a computer model assuming universal treatment for all PLWH with 
<500 CD4+ cells/mm3 and survival data of a large seroconverter cohort. The described US model 
leaves a LE ‘gap’ of 12 years compared with a risk factor matched sample of the general 
population (see figure on title page).  

In a recent comparative multi-cohort analysis on patients from 3 continents (n=67,000) between 
2001-2009, PLWH from the South African cohorts who had commenced cART with a baseline 
CD4 count from 50-200 cells/mm3 had a slightly lower cumulative 4-year mortality than the 
ones from the North American cohorts whereas European mortality rates were always 
lowest.(17) There is currently no single satisfying explanation for the significant mortality 
differences between North American and European cohorts. 

Of note, if LE estimates in HIV are often derived from cohort study data of a younger 
population with more recent acquisition of disease. In one of the largest European LE studies in 
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PLWH only 4% of follow-up years were contributed by people >60 years age.(12) Because of the 
much higher baseline mortality rate for older age groups, even a slight increase of standardized 
mortality rates (mortality ratio between people with or without disease will) over time when 
PLWH age would lead to inflated LE estimates. 

Fig.4 Cumulative incidence of mortality up to 4 years after start of ART by region, corrected in South Africa for 
mortality under-ascertainment.(17) 

We recently analyzed age specific mortality rates from the VA Clinical Case Registry of HIV-
infected veterans (CCR), with a median age 56 arguably one of the older HIV-cohorts. We 
selected group of US veterans corresponding to a ‘best case scenario’ who had achieved 
virologic suppression for >1 year on HAART and had also reached a CD4 count >500/mm3.  

 

 

Fig. 5 
Comparison of 
age-specific 
mortality rates 
of US veterans 
on successful 
HAART with 
the general 
population. 
43,000 follow up 
years, 
unpublished. 0 
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Fig. 6 
Comparison of 
age-specific 
mortality rates of 
US veterans 
starting 
successful 
HAART during 
different time 
periods. 43,000 
follow up years, 
unpublished. 

There was an earlier and steeper increase in age specific mortality rates compared with a 
demographically matched sample of the US population(18) and no clear trends for an 
improvement in age-specific mortality rates for veterans >55 years commencing HAART after 
the year 2000. 

Shift in Causes of Death 

AIDS 
In the aforementioned START trial, AIDS defining events still comprised 43% of all endpoints in 
the immediate treatment arm - versus 63% in the deferred treatment arm. The majority of AIDS 
event in the immediate treatment arm were pulmonary TB and lymphoma.(2) In a large 
European Analysis on AIDS and non-AIDS events from 2001 to 2009, the risk of AIDS events 
depended greatly on current CD4 count and was greatly reduced in patients with CD4 counts 
>700 cells/mm3.(19) 

“Non-AIDS” 
In the past decade, non-AIDS causes of death have been reported to outnumber AIDS as cause 
of death from nearly 2:1(19, 20) to 5:1 (hospitalized patients (21)) in resource-rich countries. In 
the U.S., in a nationwide survey, PLWH had higher age-specific mortality rates if the death was 
due to liver- or kidney disease or cardiomyopathy.(22) Cardiovascular disease, non-AIDS 
defining cancers, and (progression of) liver and kidney disease have been grouped together by 
many researchers as “HIV-associated non-AIDS events”, as they have been shown to not only 
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more often lead to death but also occur more frequently in PLWH. (23, 24) In addition, serious 
non-AIDS defining infections (sepsis, non-recurrent pneumonia) have been reported to be the 
most common cause of death in hospitalized patients(21) and are three times more likely to 
occur in PLWH who are not taking cART.(25) The risk of developing non-AIDS defining cancers 
in PLWH on stable cART has been reported as ≥2 fold increased for the most common cancers 
without known viral involvement.(26, 27) Lower CD4 counts on cART have been described to 
be an independent risk factor for both serious non-AIDS infections (<200/mm3)(25) and non-
AIDS defining cancers(<500/mm3)(28), highlighting the importance of both persistent immune 
activation and subclinical immune deficiency as pathogenetic factors driving non-AIDS 
morbidity and mortality in PLWH on stable cART. 

Predictors of Mortality  

Socio-Demographic Predictors 
While age is the obviously most important demographic factor determining all-cause mortality, 
it remains to be seen whether old age amplifies the residual risk of ‘stable’, i.e. virologically 
suppressed HIV infection with normalized CD4 count. In our country, non-white race and 
conjoined socioeconomic status are important reasons for increased mortality rates due to 
insufficient retention in care.(29) In my humble opinion, this may be the single most important 
reason for the embarrassingly high mortality rates in our country. 

Lifestyle, Mental Health, and Behavioral Predictors 
The single most important factor driving HIV and hepatitis acquisition and mortality is 
injection drug use.(30) Smoking has been postulated to shorten LE more than HIV infection in 
the Danish population.(31) Recreational (non-injection) drug use and alcohol use, often 
associated with mental disease affect life expectancy both directly and indirectly(11) by 
interfering with good adherence to cART (see below). 

Comorbidity 
Liver, cardiac, and renal disease may be clustered among the same at-risk socioeconomic 
groups and groups with behaviors that furnish increased rates of HIV acquisition. It can be 
argued that in some circumstances, HIV co-infection may be associated with sub-standard 
treatment being offered for these conditions. 

Timing and Effectiveness of cART 
Effectiveness of cART is usually assessed by CD4 counts and HIV-RNA levels. CD4 recovery 
depends on HIV viral suppression, which in turn depends on cART adherence. While protease 
inhibitor based cART regimens without the additional use of ritonavir to ‘boost’ levels had very 
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unfavorable pharmacodynamics and pharmacokinetic properties and required compulsive 
attention to medication adherence from PLWH during the first decade of the HAART era (32), 
regimens now have a much bigger ‘forgiveness-factor’.(33, 34)  

Viral Load 

Viral Suppression <400 copies in the first 18 months of cART initiation are strongly and 
independently associated with overall survival(35) while intermittent low level viral load ‘blips’ 
<1000 copies/mL or baseline viral load are not.(36) Most cohort studies also demonstrate 
significantly increased mortality during the first year of virologic suppression.(17) 

CD4 count 

Immune Reconstitution as judged by the level of CD4+ T-lymphocytes reached on treatment is 
one of the most important predictors of all-cause mortality.(37) When controlling for current 
CD4 count (on treatment), baseline CD4 count usually is no longer an independent predictor of 
mortality in most long-term observational studies. The level of CD4 cells reached on cART 
depends highly on the CD4 count before starting and thus on the early treatment. While “full” 
immune reconstitution has usually been defined as reaching above normal (i.e. >500/mm3) CD4 
counts on cART, (12), high CD4 levels within the normal range (‘high normal’, e.g. >700/mm3) 
have been shown to be clinically relevant for all cause mortality in US veterans (36) and 
occurrence of AIDS events in Europe.(19) Yet these high CD4 counts, albeit leading to mortality 
rates comparable with the general population were only seen in a fifth of our veterans were 
often not maintained for a long time.(36) 

LE estimates usually assume stable CD4 counts after immune reconstitution has been reached in 
while patients continue to take cART. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
Fig. 7 Median CD4 counts 
in US veterans with HIV VL 
<400 cop/mL, HAART 
possession rate ≥80% by 
timing of CD4 peak (±95% 
confidence intervals, 
unpublished)
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Unpublished data from the VA however show that almost 1/3 of all veterans who maintained 
virologic control and HAART possession rates ≥80% had net losses of CD4 cells after year 4 of 
HAART (Figure 7, dotted line). As a caveat, the data include very few patients on integrase 
inhibitors that are widely considered standard of care. 

Adherence to cART 

If adherence to cART can be quantified as medication possession rate as is the case in US 
veterans, better adherence is an independent and powerful predictor of lower mortality even 
after controlling for virologic control and CD4 recovery.(36) 
 

Immunologic and Miscellaneous Predictors 
Immune Activation Markers 

Immune Activation of T-cells has been recognized as a key element of HIV disease and AIDS 
since the very beginning of the epidemic in the US(38) and also since the early 1990s as a key 
element independently driving predicting clinic disease progression and death.(39) In the era of 
suppressive cART when the focus has shifted on HIV-associated non-AIDS defining events 
(HANA), soluble markers of immune activation like IL-6 and soluble CD14 have been shown to 
independently predict HANA and HANA associated mortality.(40, 41) While these markers are 
not used in clinical practice they are inversely correlated with the CD4/CD8 ratio. (42) 

CD4/CD8 ratio 

If very low, the CD4/CD8 ratio may add to the prediction on HANA.(42, 43) Of note, while 
elevated CD8 counts have not been linked to increased mortality, median CD8 cell counts of 
most PLWH remain stably elevated at ~1 standard deviation above normal even after a decade 
of suppressive HAART.(44) 

Hemoglobin 

Anemia, even if mild, has long been recognized as a powerful independent predictor of all-
cause mortality in PLWH in European(45) and recently also in Africans.(46) In the same study 
both ferritin and transferrin but not serum iron levels were also independently associated with 
increased mortality, arguably rather because of their role as acute phase proteins.(46) 

Interestingly, in HIV-infected US veterans, low normal hemoglobin values (13.5-15.3g/dL) 6 
months before the event independently contributed to increased mortality compared with high 
normal (>15.3g/dL) values. (unpublished).  
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Serum Lipids 

Low serum cholesterol has to date only been linked to low virologic suppression rates and lack 
of CD4 reconstitution in a small single center study.(47) Unpublished data from the VA CCR 
show that serum total cholesterol (and to a lesser extent triglyceride) levels after cART initiation 
6 months before the event are powerful independent (inverse) predictors of all cause mortality. 

 

Conclusions 
Published life expectancy estimates that are based on standardized mortality rates of younger 
segments of the population and on the assumption of long-term stable CD4 counts may be 
inaccurate for our aging HIV-positive population. Even a minor decrease in life expectancy is 
relevant as it affects 1 to 1.3 million Americans. 

The pathologic mechanisms that cause or worsen HIV-associated non-AIDS events and lead to 
excess mortality in virologically suppressed PLWH are not well understood. Likely both 
subclinical immune deficiency and immune activation contribute to disease processes. 
Permanently elevated peripheral CD8 counts in most and decreasing CD4 counts in many 
PLWH on long-term cART remind us that the adaptive immune system usually does not return 
to ‘normal’.  

While universal treatment and immediate antiretroviral treatment regardless of CD4 count has 
the potential to decrease overall morbidity and mortality by reducing the number of 
transmissions and improving long-term CD4 counts via cART earlier initiation, the size of this 
effect may be small.  

 

  



 12 

  



 13 

References 
1. Abdool Karim SS. Overcoming Impediments to Global Implementation of Early 

Antiretroviral Therapy. New England Journal of Medicine. 2015;373(9):875-6. 
2. Group ISS, Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, et al. Initiation of 

Antiretroviral Therapy in Early Asymptomatic HIV Infection. N Engl J Med. 
2015;373(9):795-807. 

3. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. 
Prevention of HIV-1 Infection with Early Antiretroviral Therapy. New England Journal 
of Medicine. 2011;365(6):493-505. 

4. 2015;Pageshttp://www.cdc.gov/hiv/pdf/statistics_surveillance_HIV_mortality.pdf on 
11/5/2015 2015. 

5. Harrison KM, Song R, Zhang X. Life expectancy after HIV diagnosis based on national 
HIV surveillance data from 25 states, United States. Journal of acquired immune 
deficiency syndromes. 2010;53(1):124-30. 

6. Egger M, Johnson LF. Estimating trends in life expectancy in HIV-positive individuals. 
The Lancet Global Health. 2015;3(3):e122-e3. 

7. Roehr B. Life expectancy soars in Africa with introduction of antiretroviral drugs. BMJ. 
2013;346:f1207. 

8. Bor J, Herbst AJ, Newell M-L, Bärnighausen T. Increases in Adult Life Expectancy in 
Rural South Africa: Valuing the Scale-Up of HIV Treatment. Science. 2013;339(6122):961-
5. 

9. Granich R, Gupta S, Hersh B, Williams B, Montaner J, Young B, et al. Trends in AIDS 
Deaths, New Infections and ART Coverage in the Top 30 Countries with the Highest 
AIDS Mortality Burden; 1990–2013. PLoS ONE. 2015;10(7):e0131353. 

10. CDC. HIV Surveillance Report - Diagnoses of HIV Infection in the United States and 
Dependent Areas, 2013. 2013. 

11. Sabin CA. Do people with HIV infection have a normal life expectancy in the era of 
combination antiretroviral therapy? BMC Med. 2013;11:251. 

12. Lewden C, Bouteloup V, De Wit S, Sabin C, Mocroft A, Wasmuth JC, et al. All-cause 
mortality in treated HIV-infected adults with CD4 >=500/mm3 compared with the 
general population: evidence from a large European observational cohort 
collaboration International Journal of Epidemiology. 2012;41(2):433-45. 

13. May MTa, Gompels Mb, Delpech Vc, Porter Kd, Orkin Ce, Kegg Sf, et al. Impact on life 
expectancy of HIV-1 positive individuals of CD4+ cell count and viral load response to 
antiretroviral therapy. AIDS. 2014;28(8):1193-202. 

14. van Sighem A, Gras L, Reiss P, Brinkman K, de Wolf F. Life expectancy of recently 
diagnosed asymptomatic HIV-infected patients approaches that of uninfected 
individuals. AIDS. 2010;24(10):1527-35. 

15. Braunstein S, Robertson M, Myers J, Abraham B, Nash D. Reductions in the Time From 
HIV Infection to ART Initiation in New York City (Abstract 1001). 22nd Conference on 
Retroviruses and Opportunistic Infections. Seattle WA; 2015. 

16. Losina E, Schackman Bruce R, Sadownik Sara N, Gebo Kelly A, Walensky Rochelle P, 
Chiosi John J, et al. Racial and Sex Disparities in Life Expectancy Losses among HIV-



 14 

Infected Persons in the United States: Impact of Risk Behavior, Late Initiation, and Early 
Discontinuation of Antiretroviral Therapy. Clinical Infectious Diseases. 2009;49(10):1570-
8. 

17. Boulle A, Schomaker M, May MT, Hogg RS, Shepherd BE, Monge S, et al. Mortality in 
Patients with HIV-1 Infection Starting Antiretroviral Therapy in South Africa, Europe, or 
North America: A Collaborative Analysis of Prospective Studies. PLoS Med. 
2014;11(9):e1001718. 

18. 2014;Pageshttp://www.cdc.gov/nchs/data_access/Vitalstatsonline.htm on 11/01/2015 
2015. 

19. Mocroft A, Reiss P, Gasiorowski J, Ledergerber B, Kowalska J, Chiesi A, et al. Serious 
fatal and nonfatal non-AIDS-defining illnesses in Europe. J Acquir Immune Defic Syndr. 
2010;55(2):262-70. 

20. Neuhaus J, Angus B, Kowalska JD, Rosa AL, Sampson J, Wentworth D, et al. Risk of all-
cause mortality associated with nonfatal AIDS and serious non-AIDS events among 
adults infected with HIV. AIDS. 2010;24(5):697-706. 

21. Kim JH, Psevdos G, Jr., Gonzalez E, Singh S, Kilayko MC, Sharp V. All-cause mortality 
in hospitalized HIV-infected patients at an acute tertiary care hospital with a 
comprehensive outpatient HIV care program in New York City in the era of highly 
active antiretroviral therapy (HAART). Infection. 2013;41(2):545-51. 

22. Whiteside YO, Selik R, An Q, Huang T, Karch D, Hernandez AL, et al. Comparison of 
Rates of Death Having any Death-Certificate Mention of Heart, Kidney, or Liver Disease 
Among Persons Diagnosed with HIV Infection with those in the General US Population, 
2009-2011. The Open AIDS Journal. 2015;9:14-22. 

23. Hsu DC, Sereti I, Ananworanich J. Serious Non-AIDS events: Immunopathogenesis and 
interventional strategies. AIDS Res Ther. 2013;10(1):29. 

24. Achhra AC, Amin J, Law MG, Emery S, Gerstoft J, Gordin FM, et al. Immunodeficiency 
and the risk of serious clinical endpoints in a well studied cohort of treated HIV-infected 
patients. AIDS. 2010;24(12):1877-86. 

25. Sogaard OS, Reekie J, Ristola M, Jevtovic D, Karpov I, Beniowski M, et al. Severe 
bacterial non-aids infections in HIV-positive persons: incidence rates and risk factors. 
Journal of Infection. 2014;66(5):439-46. 

26. Bedimo RJ, McGinnis KA, Dunlap M, Rodriguez-Barradas MC, Justice AC. Incidence of 
non-AIDS-defining malignancies in HIV-infected versus noninfected patients in the 
HAART era: impact of immunosuppression. Journal of acquired immune deficiency 
syndromes. 2009;52(2):203-8. 

27. Deeken JF, Tjen ALA, Rudek MA, Okuliar C, Young M, Little RF, et al. The rising 
challenge of non-AIDS-defining cancers in HIV-infected patients. Clin Infect Dis. 
2012;55(9):1228-35. 

28. Kesselring A, Gras L, Smit C, van Twillert G, Verbon A, de Wolf F, et al. 
Immunodeficiency as a risk factor for non-AIDS-defining malignancies in HIV-1-
infected patients receiving combination antiretroviral therapy. Clinical infectious 
diseases : an official publication of the Infectious Diseases Society of America. 
2011;52(12):1458-65. 



 15 

29. Mugavero MJ, Westfall AO, Cole SR, Geng EH, Crane HM, Kitahata MM, et al. Beyond 
core indicators of retention in HIV care: missed clinic visits are independently associated 
with all-cause mortality. Clin Infect Dis. 2014;59(10):1471-9. 

30. Helleberg M, Kronborg G, Larsen CS, Pedersen G, Pedersen C, Gerstoft J, et al. Causes of 
death among Danish HIV patients compared with population controls in the period 
1995-2008. Infection. 2012;40(6):627-34. 

31. Helleberg M, Afzal S, Kronborg G, Larsen CS, Pedersen G, Pedersen C, et al. Mortality 
attributable to smoking among HIV-1-infected individuals: a nationwide, population-
based cohort study. Clin Infect Dis. 2013;56(5):727-34. 

32. Paterson DL, Swindells S, Mohr J, Brester M, Vergis EN, Squier C, et al. Adherence to 
protease inhibitor therapy and outcomes in patients with HIV infection. Ann Intern 
Med. 2000;133(1):21-30. 

33. Nachega JB, Hislop M, Dowdy DW, Chaisson RE, Regensberg L, Maartens G. Adherence 
to nonnucleoside reverse transcriptase inhibitor-based HIV therapy and virologic 
outcomes. Ann Intern Med. 2007;146(8):564-73. 

34. Shuter J, Sarlo JA, Kanmaz TJ, Rode RA, Zingman BS. HIV-infected patients receiving 
lopinavir/ritonavir-based antiretroviral therapy achieve high rates of virologic 
suppression despite adherence rates less than 95%. J Acquir Immune Defic Syndr. 
2007;45(1):4-8. 

35. Lohse N, Kronborg G, Gerstoft J, Larsen CS, Pedersen G, Pedersen C, et al. Virological 
Control during the First 6–18 Months after Initiating Highly Active Antiretroviral 
Therapy as a Predictor for Outcome in HIV-Infected Patients: A Danish, Population-
Based, 6-Year Follow-Up Study. Clinical Infectious Diseases. 2006;42(1):136-44. 

36. Drechsler H, Zhang S, Holodniy M, Bedimo R. CD4 Counts and Mortality in 
Virologically Suppressed US Veterans. Journal of the International Association of 
Providers in AIDS Care. 2014;13(2):120-6. 

37. COHERE. CD4 cell count and the risk of AIDS or death in HIV-Infected adults on 
combination antiretroviral therapy with a suppressed viral load: a longitudinal cohort 
study from COHERE. PLoS medicine. 2012;9(3):e1001194. 

38. Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, Wolf RA, et al. 
Pneumocystis carinii pneumonia and mucosal candidiasis in previously healthy 
homosexual men: evidence of a new acquired cellular immunodeficiency. The New 
England journal of medicine. 1981;305(24):1425-31. 

39. Giorgi JV, Liu Z, Hultin LE, Cumberland WG, Hennessey K, Detels R. Elevated Levels of 
CD38+ CD8+ T Cells in HIV Infection Add to the Prognostic Value of Low CD4+ T Cell 
Levels: Results of 6 Years of Follow-Up. JAIDS Journal of Acquired Immune Deficiency 
Syndromes. 1993;6(8):904-12. 

40. Sandler NG, Wand H, Roque A, Law M, Nason MC, Nixon DE, et al. Plasma levels of 
soluble CD14 independently predict mortality in HIV infection. The Journal of infectious 
diseases. 2011;203(6):780-90. 

41. Tenorio AR, Zheng Y, Bosch RJ, Krishnan S, Rodriguez B, Hunt PW, et al. Soluble 
Markers of Inflammation and Coagulation but Not T-Cell Activation Predict Non–AIDS-



 16 

Defining Morbid Events During Suppressive Antiretroviral Treatment. Journal of 
Infectious Diseases. 2014;210(8):1248-59. 

42. Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al. HIV-Infected 
Individuals with Low CD4/CD8 Ratio despite Effective Antiretroviral Therapy Exhibit 
Altered T Cell Subsets, Heightened CD8+ T Cell Activation, and Increased Risk of Non-
AIDS Morbidity and Mortality. PLoS Pathog. 2014;10(5):e1004078. 

43. Serrano-Villar S, Pérez-Elías MJ, Dronda F, Casado JL, Moreno A, Royuela A, et al. 
Increased Risk of Serious Non-AIDS-Related Events in HIV-Infected Subjects on 
Antiretroviral Therapy Associated with a Low CD4/CD8 Ratio. PLoS ONE. 
2014;9(1):e85798. 

44. Vrisekoop N, van Gent R, de Boer AB, Otto SA, Borleffs JC, Steingrover R, et al. 
Restoration of the CD4 T cell compartment after long-term highly active antiretroviral 
therapy without phenotypical signs of accelerated immunological aging. Journal of 
immunology. 2008;181(2):1573-81. 

45. Lundgren JD, Mocroft A. Anemia and survival in human immunodeficiency virus. 
Clinical Infectious Diseases. 2003;37(Suppl 4):S297-303. 

46. McDermid JM, van der Loeff MF, Jaye A, Hennig BJ, Bates C, Todd J, et al. Mortality in 
HIV infection is independently predicted by host iron status and SLC11A1 and HP 
genotypes, with new evidence of a gene-nutrient interaction. Am J Clin Nutr. 
2009;90(1):225-33. 

47. Miguez MJ, Lewis JE, Bryant VE, Rosenberg R, Burbano X, Fishman J, et al. Low 
cholesterol? Don't brag yet ... hypocholesterolemia blunts HAART effectiveness: a 
longitudinal study. J Int AIDS Soc. 2010;13:25. 

 


