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Can we predict the prognosis of HIV infection?
How to use the findings of a prospective study

Nicola Low, Matthias Egger

“To answer [patients’] questions requires a know-
ledge of prognosis . . .Moreover, common sense tells
us that the public is perfectly justified expecting
from the doctor a knowledge so manifestly essential
to the practice of medicine.”

Sir James Mackenzie, 19211

Introduction
As the quotation suggests, it is not unreason-
able for patients to want to know the likely out-
come of a disease, the prognosis, but also com-
mon for doctors not to know. For someone
with newly diagnosed HIV infection a question
about prognosis might be, “How long will it be
before I develop AIDS?”We will use published
guidelines (table 1)2 3 as a framework for
assessing the findings of a recent paper about
the prognosis of HIV disease.4 Firstly, can you
trust the results? If so, what are the results?
Finally, can they be generalised to other patient
groups?

Clinical scenario
A 27 year old homosexual man, who has
recently found out he has HIV-1 infection,
attends your clinic to receive the results of blood
tests. He says that he had an episode of shingles
3 years ago but has remained well otherwise.
Physical examination reveals 2 cm bilateral non-
tender lymph nodes in the cervical and axillary
regions. His CD4 lymphocyte count is 480
cells × 106/l and plasma HIV-1 RNA concentra-
tion, measured using a branched DNA assay
(Chiron Corporation), is 65 000 copies/ml.
There are no other abnormal physical or labora-
tory findings. He asks you how likely it is that he
will develop AIDS in the next 3 years.

PROGNOSTIC MARKERS IN HIV INFECTION

The CD4 lymphocyte count was, until recently,
considered the strongest predictor of HIV
disease progression and survival following
AIDSdiagnosis.5–7CD4 lymphocytopeniameas-
ures the degree of immunosuppression and
susceptibility to the opportunistic conditions
comprising AIDS. CD4 counts appear to
decline in a linear fashion8 with the risk of clini-
cal AIDS increasing markedly at counts below
200 cells × 106/l.9 Nevertheless, there are
substantial interindividual variations in the rate
of CD4 cell depletion and the rate at which
AIDS develops.10 11 Quantification of HIV-1
RNA in peripheral blood has shown that viral
load is also a strong independent predictor of
clinical outcome.12–15 Soon after seroconversion
the level of HIV-1 RNA appears to reach a
stable “set point”, which varies between
individuals.12 13 16 High viral loads reflect a high

rate of viral reproduction leading to more rapid
destruction of CD4 lymphocytes and hence
HIV disease progression.16

We will use a recent paper by Mellors et al 4

to try to answer your patient’s question about
his prognosis. The investigators studied a large
group of patients at diVerent stages of HIV dis-
ease and used CD4 count, HIV-1 RNA
concentration, and other biochemical and
clinical criteria to predict the development of
AIDS over a 10 year period.

Are the results of the study valid?
This section deals with “internal validity”—
that is, are the results valid for the study popu-
lation? If there are serious flaws in the study
design the results will be biased and conclu-
sions drawn from them will be invalid.

WAS THERE A REPRESENTATIVE AND WELL

DEFINED SAMPLE OF PATIENTS AT A SIMILAR

POINT IN THE COURSE OF THE DISEASE?

The best way of finding out what is likely to
happen in the course of a disease would be to
follow everyone with the condition forward
through time until they died but this is not
feasible. Instead, a sample of patients (cohort)
is selected to represent the population of
interest. The characteristics of the cohort
should be clearly described so that the validity
of estimates of the outcome measures can be
assessed. For example, if a study population of
patients with HIV infection is enrolled from
hospital inpatient wards, the rate at which they
develop AIDS may be faster than for patients
at a similar stage of disease who were not hos-
pitalised; the likelihood of developing the out-
come will be biased upwards (overestimated).
For many conditions, including HIV infection,
the likelihood of developing the outcome
increases with the duration of the disease so
cohort studies should either enrol patients at a
similar stage of disease or make appropriate
statistical adjustment for this during the
analysis.
The paper by Mellors et al 4 reports on the

Multicenter AIDS Cohort Study (MACS),
consisting of 4954 homosexual men, without
clinical evidence of AIDS, who were enrolled
between 1984 and 1985 and followed up every
6 months. A previous publication17 shows that
approximately 37% of the men were HIV anti-
body positive (by ELISA) at enrolment. The
median age was about 32 years and around
95% were from white, including Hispanic, eth-
nic groups. This study4 followed participants
from their third or fourth study visit after
enrolment in order to minimise variability in
laboratory procedures. The eligible population

Sex Transm Inf 1998;74:149–154 149

Academic Unit,
Department of
Genitourinary
Medicine, King’s
College School of
Medicine and
Dentistry, The
Caldecot Centre,
15–22 Caldecot Road,
London, SE5 9RS
N Low

Department of Social
Medicine, University
of Bristol, Canynge
Hall, Whiteladies
Road, Bristol BS8 2PR
M Egger

Correspondence to:
Dr Nicola Low.

Accepted for publication
24 February 1998

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://sti.bm

j.com
/

S
ex T

ransm
 Infect: first published as 10.1136/sti.74.2.149 on 1 A

pril 1998. D
ow

nloaded from
 

http://sti.bmj.com/


included 1813 men who were HIV-1 seroposi-
tive at enrolment (prevalent cases) and 169
men who seroconverted after enrolment but
before the baseline visit for this study (incident
cases). Data were available from 1604 men
(81% of those eligible) who had at least one
follow up visit after the baseline visit, a CD4
count and a frozen plasma sample on which
HIV-1 RNA concentration was measured. The
median CD4 count of the study population was
527 cells × 106/l (interquartile range 376–716)
and median HIV-1 RNA concentration 10 825
copies/ml (interquartile range 3392–33 370).
The MACS cohort is probably reasonably

representative of white urban homosexual men
with HIV infection. Unfortunately, the demo-
graphic characteristics of the 1604 men in this
study are not reported so we cannot say
whether they were representative of the larger
cohort. DiVerences in HIV disease stage at
baseline were taken into account in the
analysis.

WAS FOLLOW UP SUFFICIENTLY LONG AND

COMPLETE?

Ideally, a cohort study would follow patients
until everyone had developed the outcome of
interest but for diseases of long duration, such
as HIV infection, this is not possible. Clearly,
the follow up time must be suYcient for the
outcomes of interest to occur but the longer the
study duration the more diYcult it is to keep
track of patients. If the reasons for loss to follow
up are related to the likelihood of developing
the outcome the study results will be subject to
a form of “selection bias”. For example, if fol-
low up is incomplete in participants who are
physically healthier than those who remain in
regular follow up, rates of disease progression
will be overestimated. Follow up studies should
report the number of patients lost to follow up
and their baseline characteristics.

Censoring in cohort studies
The outcomes of patients lost to follow up are
said to be “censored” because they have been
removed from observation.18 Each patient con-
tributes “person time” of follow up, until s/he
develops the outcome, is lost to follow up, or
completes the study free of the outcome. At the
end of the study period any patient not known to
have developed the outcome is censored,
whatever the reason. Prospective studies should
describe how the person time has been calcu-
lated to take into account incomplete follow up
(“censoring strategy”).

Patients in the MACS were followed every 6
months and nearly two thirds had developed
AIDS or died by the date of analysis of 1 July
1995. The duration of follow up is thus
suYcient. The number of patients lost to follow
up is not reported but must have been small
because the study period is approximately 10
years from baseline and the median follow up
time of those who did not develop AIDS was
9.6 years. Figure 1 illustrates the censoring
strategy19 used in the MACS with four
hypothetical patients. Follow up time is in-
cluded until the date last seen, except that
patients who were free of AIDS at a follow up
visit within 1 year of the date of analysis date
were considered to be free of AIDS at the date
of analysis. Similarly, patients known to be alive
within 1 year of the analysis were considered to
be alive at the date of analysis. This strategy
might overestimate survival because people
with advanced AIDS at their last follow up visit
might have died before the date of analysis and,
owing to reporting delays inherent in any large
study, their deaths might not have been
registered by the date of analysis.

WERE OBJECTIVE AND UNBIASED OUTCOME

CRITERIA USED?

Death is an objective outcome which is easily
measured. Many other outcomes, such as
degree of disability are subjective and the
assessment could be influenced by knowledge
of the patient’s prognosis. AIDS is not a simple,
well defined outcome. The syndrome com-
prises a heterogeneous group of conditions
which develop at diVerent levels of CD4
lymphocytopenia,20 have diVering prognostic
significance,6 21 and are diagnosed with varying
degrees of certainty.21 Predefined criteria for
the diagnosis of individual AIDS indicator dis-
eases should be used to increase the objectivity
of the outcome and grouping of events by
severity has been suggested to improve its
clinical utility as an outcome.21

Table 1 Guidelines for assessing an article about prognosis

Are the results of the study valid ?
Was there a representative and well defined sample of patients
at a similar point in the course of the disease?

Was follow up suYciently long and complete?
Were objective and unbiased outcome criteria used?
Was there adjustment for important prognostic factors?

What are the results?
How large is the likelihood of the outcome event(s) in a
specified period of time?

How precise are the estimates of likelihood?

Will the results help me in caring for my patients?
Were the study patients similar to my own?
Will the results lead directly to selecting or avoiding therapy?
Are the results useful for reassuring or counselling patients?

Figure 1 Censoring strategy for AIDS in the Multicenter
AIDS Cohort Study (MACS). For each of the patients, the
solid line indicates the person time of follow up that is
included in the analysis. The fine dotted line represents time
not included in the analysis. Patient 1 develops AIDS after
3 years and contributes three person years of follow up;
patient 2 is lost to follow up and time is censored at the last
visit (five person years contributed); patient 3 is last seen 1
year before the date of analysis when he was free of AIDS
and follow up is censored at the date of analysis (10 person
years); patient 4 develops AIDS after the date of analysis
and follow up time is censored at the date of analysis (10
person years).

Patient 4

Patient 3

Patient 2

Patient 1

12

Time (years)
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analysis

–1 11109876543210

Follow up visit
AIDS
Censored observation
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In Mellors and others’ study the outcome
events were AIDS, according to the 1987
Centers for Disease Control definition, and
death from AIDS. Results of prognostic
indicators measured at the baseline visit, such
as HIV-1 RNA concentration, neopterin, and
â2 microglobulin were not available so study
physicians were blinded to these. Knowledge of
the baseline CD4 count and symptoms might
have aVected judgment about AIDS diagnoses
made soon after enrolment but are unlikely to
have aVected later diagnoses. The outcomes
were therefore objectively diagnosed, subject to
the caveats above.The following discussion will
concentrate on results pertaining to AIDS.

WAS THERE ADJUSTMENT FOR IMPORTANT

PROGNOSTIC FACTORS?

A cohort study allows direct calculation of the
rate of outcome of a disease. Prognostic factors
which aVect the outcome should be taken into
account by calculating separate rates stratified
by each factor or by using multivariate statisti-
cal models to estimate rate ratios, controlling
for other prognostic factors. The study by
Mellors et al uses both these methods.
The prognostic factors of interest are HIV-1

RNA concentration and CD4 count. Patients

were initially stratified into categories of CD4
count and categories of viral load at baseline
and the probability of developing AIDS was
estimated for each stratum.Multiple regression
models were then used to estimate the risk of
AIDS according to the combined eVects of the
two factors. In these models the eVects of
neopterin level, the presence of symptoms of
thrush or fever at baseline, age, and race were
also considered.

What are the results?
HOW LARGE IS THE LIKELIHOOD OF THE

OUTCOME EVENT IN A SPECIFIED PERIOD OF TIME?

The incidence of disease is determined from
the number of new events occurring and the
person time contributed by the study partici-
pants. The Kaplan–Meier survival method is
commonly used to estimate incidence in stud-
ies of HIV infection where there are censored
observations and dates for the outcomes are
recorded.22 This method can be used to calcu-
late the proportion of patients remaining free
from AIDS from time zero, when no patient
has AIDS, until the most recent time when the
observations of those who did not develop
AIDS are censored. The results are generally
plotted as Kaplan–Meier survival curves.
In the paper by Mellors et al Kaplan–Meier

curves of the proportion of patients who
remain free of AIDS, measured from the base-
line visit, are presented (fig 2). The curves
show that, within a given range of CD4 counts,
the rate of progression to AIDS diVers accord-
ing to HIV-1 RNA concentration. The authors
then used multivariate statistical techniques
(Cox’s proportional hazards regression) to
develop a model which, based on viral load and
CD4 counts, yielded the maximum prognostic
information. Figure 3 shows the results from
these analyses which resulted in 12 combina-
tions of the two markers. In the majority of cat-
egories the inclusion of other factors did not
provide additional prognostic information.

HOW PRECISE ARE THE ESTIMATES?

The measurements of the incidence of disease
in any cohort study are estimating the true risk
of the outcome in all patients similar to those in
the study. Confidence intervals are used to
express the precision of estimates and diVerent
methods exist to calculate these.23 Estimates
become more precise with increasing numbers
of patients at a given follow up time. Kaplan–
Meier graphs should indicate the number of
patients at risk in each time period. These
numbers were given by Mellors et al 4 but are
not reproduced here.
Consider the men, who, like the patient

described in the clinical scenario, had a CD4
count between 351 cells × 106/l and 750 cells ×
106/l and a viral load above 30 000 copies/ml at
baseline (fig 3). After 3 years of follow up 48%
of men in this group had developed AIDS. The
confidence intervals show that, if this study was
repeated many times, 95% of the time the esti-
mate would lie between 39% and 57%. Thus,
you can be 95% certain that in this group the
risk of developing AIDS in the next 3 years is
between 39% and 57%.

Figure 2 Kaplan–Meier curves showing AIDS free survival by HIV-1 RNA category
among groups with diVerent baseline CD4 lymphocyte counts. The five categories of HIV-1
RNA were: I, 500 copies/ml or fewer; II, 501–3000 copies/ml; III, 3001–10 000 copies/ml;
IV, 10 001–30 000 copies/ml; V, greater than 30 000 copies/ml. Numbers in parentheses are
the sample sizes of the groups at baseline. Groups that were too small to provide estimates
were omitted. Adapted from Mellors et al 4 with permission.
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Will the results help me in caring for my
patients?
These questions address “external validity”.
Can inferences drawn from the study be gener-
alised outside the study population? Can they
be applied to your patient described in the
clinical scenario?

WERE THE STUDY PATIENTS SIMILAR TO MY OWN?

The MACS consists only of men who acquired
their HIV infection through sex between men.
The results are therefore applicable to your
patient. After clinical and immunological
factors are taken into account there are few
diVerences in progression to AIDS according
to gender or transmission category24 25 so these
estimates could be applied to other groups of
patients with HIV. Viral load has been shown to
be a strong predictor of disease progression
among HIV-1 infected haemophiliacs, inject-
ing drug users, and heterosexuals.14 15

The study enrolled patients in the mid-1980s
and followed them until 1995. The introduction
of prophylaxis against Pneumocystis carinii pneu-
monia (PCP) in the late 1980s has been associ-
ated with a delay in the onset of AIDS in
prospective studies.6 26 Thus, estimates of dis-
ease progression in the patients with low CD4
counts at baseline may overestimate the rate of
progression to AIDS among individuals diag-
nosed more recently at the same disease stage.
Similarly, antiretroviral therapy,primarilymono-
therapy, was used by 63% of the study partici-

pants during the study period.4 The study did
not cover the introduction of highly active com-
bination therapies which have been shown to
improve prognosis in other cohorts.27

The study presented here estimated HIV-1
RNA concentration using the branched DNA
assay (bDNA, Chiron Corporation) on stored
plasma samples which had been separated from
heparinised blood. The authors note that the
HIV-1 RNA concentration in heparinised
plasma is approximately 65% of that found in
freshly drawn EDTA anticoagulated samples.4

Furthermore, diVerent commercially available
tests may give diVerent estimates of HIV-1
RNA concentration. Nucleic acid sequence
based amplification (NASBA, Organon Tek-
nika) estimates are comparable with those
obtained with the branched DNA assay but
reverse transcriptase initiated polymerase chain
reaction (RT-PCR, Roche Diagnostics) esti-
mates are approximately two times higher. The
generalisability of the published disease pro-
gression rates is therefore limited. An internet
website (http://www.hivatis.org/) publishing re-
vised “Guidelines for the use of antiretroviral
agents in HIV infected adults and adolescents”
has recently included a figure adjusting the esti-
mates for the storage artefact and assay type
although confidence intervals are not provided
(fig 4). Regression equations published by
Mellors et al 4 were used to take assay type into
account but it is not clear how adjustments for
specimen storage were made.

Figure 3 Probability of developing AIDS according to HIV-1 RNA concentration and CD4 lymphocyte count. Adapted from Mellors et al4 with
permission.
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WILL THE RESULTS LEAD DIRECTLY TO

SELECTING OR AVOIDING THERAPY?

Guidelines for the use of antiretroviral combi-
nation therapy, based on prognostic data,
including those of Mellors et al, have been
published in print28 29 and updated on the
internet (see above). According to the adjusted
estimates provided in figure 4, the patient
described in the clinical scenario has a 43%
chance of developing AIDS in the next 3 years
if he does not take antiretroviral drugs. Antiret-
roviral therapy would be recommended by
United States guidelines29 but not necessarily
by guidelines from the United Kingdom.28 The
decision about initiating or delaying antiretro-
viral therapy should consider both benefits and
risks of treatment, the patients’ wishes, and
their capacity for long term adherence to a
complex drug regimen.

ARE THE RESULTS USEFUL FOR REASSURING OR

COUNSELLING PATIENTS?

Do the results of measuring HIV-1 RNA con-
centration provide more prognostic infor-
mation than CD4 count alone? The MACS
study population included many individuals
with early HIV disease, with only a quarter
having CD4 counts below 376 × 106/l at
baseline.4 At CD4 counts above 200 cells ×
106/l stratification by HIV-1 RNA concentra-
tion provided survival curves which diVered
substantially from one another (fig 2). Viral
load measurement would thus identify patients
at risk of rapid progression who should con-
sider treatment or at least be monitored closely.
In advanced HIV disease, viral load measure-
ments are less useful. Indeed, evidence from
the Swiss HIV Cohort Study population at

more advanced stages of disease has shown that
HIV-1 RNA concentration did not predict sur-
vival in patients with CD4 counts below 50
cells × 106/l.15
The rates of disease progression, based on

CD4 lymphocyte counts and viral load meas-
urements in members of the MACS, will be
useful for explaining the natural history of HIV
infection to newly diagnosed patients. They
also contribute to informing decisions about
starting antiretroviral therapy. If prognostic
information is to be given to individual
patients, however, the factors aVecting the pre-
cision and generalisability of the estimates
which we have discussed must be taken into
consideration. CD4 count remains the strong-
est marker of susceptibility to AIDS indicator
diseases, guiding decisions about prophylaxis
against opportunistic infections.30 The most
useful prognostic information will thus be pro-
vided by considering both CD4 count and
plasma viral load.
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