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Parametric modelling of survival following HIV and 
AIDS in the era of highly active antiretroviral therapy: 
data from Australia
F. Nakhaee 1,2 and M. Law 2

ABSTRACT Parametric survival models have not previously been applied to survival following a diagnosis of HIV/
AIDS in Australia. Four different parametric models—exponential, Weibull, log-normal and log-logistic—were 
applied to data both on HIV-positive cases and on cases diagnosed with AIDS collected through the national 
HIV/AIDS surveillance system. Using likelihood based goodness-of-fit criteria the Weibull model was found to 
be the best-fitted model for predicting survival following a diagnosis of HIV infection without and with a diagnosis 
of AIDS. Several covariates—age, sex, combined HIV exposure category, CD4 cell counts, antiretroviral treatment 
and AIDS-defining illnesses—were included in the parametric model to predict factors associated with future 
mortality. Predicted deaths were in agreement with the observed deaths following HIV infection and AIDS. The 
Weibull model will be applied for future projections of deaths from HIV/AIDS.
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مُتُثَابتات البُـقيا على قيد الحياة بعد الإصابة بالإيدز أو العدوى بفيروسه في حقبة المعالجة الشديدة الفعالية بمضادات الفيروسات: 
معطيات من أستـراليا

فاطمة نخعي - ماتيولا

وسه في أستـراليا. وقد طُبقت  ؤ بالبُقيا على قيد الحياة بعد تشخيص مرض الإيدز أو العدوَى بفَيْر الخلاصة: إن نماذج مُتُثَابتات البُـقيا لم تُطبَّق من قبل للتنبُّ
، ونموذج ويبول Weibull، ونموذج اللوغارتم الطبيعي، ونموذج اللوغارتم اللوجستي- على  أربعة نماذج مختلفة من المتثابتات وهي النموذج الُأسِّي
ص إصابتها بالإيدز والتي حُصِلَ عليها عن طريق نظام التـرصد الوطني للإيدز  معطيات الحالات الإيجابية للعدوى بفيروس الإيدز والحالات الُمشَخَّ
والعدوى بفيروسه. وباستخدام الأرجحية المستندة على معيار جودة التواؤم وجد أن نموذج ويبول Weibull كان أفضل نماذج التواؤم للتنبؤ بالبُقيا 
ات المشاركة –  على قيد الحياة بعد تشخيص العدوى بفيروس الإيدز مع أو بدون تشخيص الإصابة بمرض الإيدز. وقد جرى دمج العديد من المتغيّر
فة بالإيدز- في الطراز  كالعمر، والجنس، وفئة التعرّض المشترك لفيروس الإيدز، وعدد الخلايا CD4، والمعالجة بمضادات الفيروسات، والعلل المعرِّ
المتثابت للتنبؤ بالعوامل المتـرابطة مع الوفيات المستقبلية. وقد توافقت الوفيات التي جرى التنبؤ بها مع الوفيات التي شوهدت عقب العدوى بفيروس 

ر تطبيق نموذج ويبول في الإسقاطات المستقبلية على الوفيات الناجمة عن الإيدز والعدوى بفيروسه. الإيدز أو الإصابة بمرض الإيدز. مما يبرِّ

Modélisation paramétrique de la survie après un diagnostic d’infection à VIH ou de sida à l’ère du traitement 
antirétroviral hautement actif : données d’Australie

RÉSUMÉ Les modèles paramétriques de survie n’ont pas été utilisés précédemment pour évaluer la survie 
après un diagnostic d’infection à VIH/sida en Australie. Quatre modèles paramétriques différents — le modèle 
exponentiel, la loi de Weibull, le modèle log-normal et le modèle log-logistique — ont été utilisés sur les cas 
positifs au VIH et sur les diagnostics de sida recueillis dans le cadre du système de surveillance du VIH/sida 
pour le pays. À l’aide des critères de validité de l’ajustement reposant sur la probabilité, le modèle de Weibull 
s’est avéré être le modèle le mieux ajusté pour prédire la survie après un diagnostic d’infection par le VIH avec 
ou sans diagnostic de sida. Plusieurs covariables — l’âge, le sexe, la catégorie d’exposition au VIH associée, la 
numération des lymphocytes T‑CD4, le traitement antirétroviral et les pathologies classantes pour le sida — ont 
été incluses dans le modèle paramétrique pour la prévision des facteurs associés à une mortalité prévisionnelle. 
Les prévisions de mortalité correspondaient aux décès observés après un diagnostic d’infection à VIH ou de sida. 
Le modèle de Weibull sera utilisé pour les projections de mortalité liée au VIH/sida.
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Introduction

Survival analysis methods that measure 
the risk of death or progression of a 
disease provide predictions that help 
clinicians to estimate trends in their 
patient outcomes. Those methods also 
allow health planners to predict the HIV 
burden on the health system and to 
allocate health service resources ap-
propriately.

The natural history of HIV disease—
the time from HIV seroconversion to 
AIDS diagnosis (incubation period) 
or to death (survival time)—has been 
modelled using a number of parametric 
and non-parametric survival models, es-
pecially since the introduction of highly 
active antiretroviral therapy (HAART) 
in 1996 [1–7]. Survival times vary ac-
cording to a number of factors, includ-
ing sociodemographic factors, CD4 
cell counts, HIV viral load and AIDS-
defining illnesses. These covariates are 
entered in the models allowing predic-
tions of their effects on the time to de-
velopment of AIDS and to death. Cox 
regression, a semi-parametric model, 
has been widely used for this, because 
fewer assumptions are needed to predict 
the prognostic factors associated with 
survival. Parametric models, however, 
are known to be more accurate than 
non-parametric methods when using 
survival models to make projections 
about the risk of death [8,9] and future 
trends in mortality [10]. Concurrent 
with developing survival models based 
on HIV and AIDS data, investigators 
have attempted to assess the goodness-
of-fit and validity of parametric models 
[2,3,11–13].

The study reported here was the 
first in which parametric models were 
applied to data both on HIV-positive 
cases and on cases diagnosed with 
AIDS collected through the national 
HIV/AIDS surveillance system in Aus-
tralia. Goodness-of-fit criteria were used 
to find the best model for predicting 
survival following a diagnosis of HIV 

infection without and with a diagnosis 
of AIDS.

Methods

Four parametric models—exponential, 
Weibull, log-normal and log-logistic—
were used. All models were fitted to 
2 datasets. The HIV dataset included 
individuals who were diagnosed as 
HIV positive but without a diagnosis of 
AIDS or who subsequently developed 
AIDS but before the AIDS diagnosis 
was reported to the National HIV Reg-
istry. The AIDS dataset consisted of 
individuals diagnosed as HIV-positive 
and also diagnosed with AIDS who 
were registered in the National AIDS 
Registry. Both HIV and AIDS cases 
diagnosed from 1980 to the end of 
2003 were linked with the national 
death index [14], then HIV infection 
and AIDS diagnoses between 1997 and 
2003 were used separately to model 
survival following acquisition of HIV 
infection and development of AIDS. 
Survival time was calculated from the 
date of the diagnosis of HIV infection or 
of AIDS to the date of death or, if alive, at 
31 December 2003. HIV-positive cases 
who were subsequently diagnosed with 
AIDS were censored at the date of the 
AIDS diagnosis in the HIV dataset. 

The approvals of the ethics com-
mittee at the University of New South 
Wales and Australian Institute of Health 
and Welfare were obtained to perform 
the linkage between HIV and AIDS 
diagnoses with the national death index 
data.

Several covariates—including age, 
sex, combined HIV exposure category, 
CD4 cell counts, antiretroviral treat-
ment and AIDS-defining illnesses [such 
as Pneumocystis jiroveci, other infections, 
Kaposi sarcoma, non-Hodgkin lym-
phoma, wasting syndrome, central nerv-
ous system (CNS) conditions]—were 
included in the parametric model. Since 
individual data on antiretroviral treat-
ment were not available, 2 covariates 

were created: one representative of 
the percentage of patients treated with 
mono- or double therapy estimated 
from the literature [15–17] and the 
other representative of patients treated 
with HAART. The percentage of pa-
tients receiving HAART prior to an 
AIDS diagnosis were extracted from 
data collected for the Australian govern-
ment’s S100 highly specialized drug 
programme and the percentage of pa-
tients receiving HAART after AIDS 
diagnosis were estimated from the Aus-
tralian HIV observational database [18]. 
These 2 covariates were included in the 
parametric model as time-dependent 
variables, with all patients alive in a given 
calendar year having a covariate value for 
treatment corresponding to the propor-
tion of all patients receiving treatment 
in that year. The reason for adopting the 
percentage on mono- or double therapy 
or HAART as covariates in the para-
metric models was to allow projections 
of mortality to be made under different 
scenarios of future treatment. Age was 
included as a time-dependent variable 
in the models to adjust for the effect of 
age on treatment. 

The maximum likelihood method 
and the Akaike information criterion 
(AIC) [3,12,13] were used to assess the 
best parametric model fitted to both the 
HIV and AIDS datasets.

One approach to assess the model 
fit would be to compare the number 
of deaths which were observed follow-
ing HIV infection both without/before 
AIDS and after AIDS diagnosis with 
the number of deaths predicted by the 
parametric model [5]. When predicting 
mortality using the parametric models, 
it is necessary to extend follow-up for 
subjects who died to avoid predictions 
underestimating the number of deaths. 
Thus the predictions are based on the 
numbers of deaths estimated by the 
models if all subjects had completed 
follow-up. The 2 datasets included 
the same covariates but the follow-up 
period was extended for subjects who 
had died to the end of the study at 31 
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December 2003. The parametric mod-
el estimated from the original datasets 
was then applied to these datasets with 
extended follow-up to obtain the pre-
dicted probability of death according 
to each subject’s covariate pattern. The 
expected number of deaths predicted 
by the models was then simply the 
sum of the predicted probabilities of 
death across all subjects. The expected 
numbers of deaths estimated from 
the fitted model were compared with 
the observed deaths following both 
HIV and AIDS diagnoses in total, by 
calendar year, and in terms of fixed 
effect covariates to assess the fit of the 
model.

Results

Best fitting model
Table 1 shows the log likelihood and 
AIC statistics for the 4 parametric 
models applied to the survival data in 
order to select the best fitting paramet-
ric model. According to these criteria, 
the Weibull model achieved the lowest 
AIC value and was therefore the best 
model for predicting survival of HIV-
positive cases both without/before a 
diagnosis of AIDS and with a diagnosis 
of AIDS

Survival of cases diagnosed as 
HIV-positive without/before 
AIDS
The hazard ratios of survival of HIV-
positive cases without/before a di-
agnosis of AIDS, estimated from the 
Weibull model, are shown in Table 2. 

The following factors were significantly 
associated with increased risk of death 
in HIV-positive cases: age 40+ years 
(compared with ages 30–34 years as 
the reference category) (P < 0.001); 
male injection drug user (IDU); hae-
mophiliac patient; and male with other 
exposures, including cases of mother-

to-child HIV transmission among chil-
dren and adults/adolescents without 
a reported sexual or blood exposure 
(compared with homosexual men) (P 
< 0.01). Being on antiretroviral treat-
ment was not statistically significantly 
associated with increased risk of death 
following diagnosis of HIV infection 

Table 1 Selection of the best-fitted model for the HIV dataset (cases diagnosed as HIV-positive without AIDS diagnosed or 
before a diagnosis of AIDS) and the AIDS dataset (cases diagnosed as HIV-positive after a diagnosis of AIDS), applying 4 
different parametric models

Parametric model HIV dataset AIDS dataset

Log-likelihood AIC Log-likelihood AIC

Exponential –4563.80 9153.60 –4296.08 8835.16

Weibull –4560.50 9148.00 –4254.09 8552.20

Log-normal –4594.24 9215.50 –4255.07 8554.20

Log-logistic –4563.25 9153.50 –4268.23 8580.46

AIC = Akaike information criterion.

Table 2 Covariates of survival of cases diagnosed as HIV-positive without/before a 
diagnosis of AIDS, applying the Weibull model, 1997–2003

Covariate Hazard ratio 95% C) P-value

Age (years)

< 20 0.57 0.34–0.96 0.036

20–24 1.28 0.80–2.04 0.308

25–29 0.97 0.73–1.29 0.837

30–34 1.00 – –

35–39 1.06 0.86–1.31 0.563

40–44 1.25 1.01–1.55 0.038

45–49 1.47 1.17–1.84 0.001

50–54 1.85 1.46–2.35 < 0.001

55–59 2.63 2.03–3.41 < 0.001

60+ 3.69 2.89–4.72 < 0.001

Reported HIV exposure

Male: homosexual 1.00 – – 

Male: heterosexual 0.97 0.74–1.28 0.854

Female: heterosexual 0.62 0.43–0.92 0.016

Male: IV drug user 1.95 1.19–2.14 0.002

Female: IV drug user 1.47 0.97–2.22 0.071

Male: blood transfused 1.98 1.38–2.85 < 0.001

Female: blood transfused 0.80 0.33–1.94 0.621

Male: other exposuresa 1.45 1.20–1.75 <0.001

Female: other exposuresb 0.91 0.58–1.43 0.693

Antiretroviral therapy

Mono/double 0.001 0.0001–1.036 0.051

HAART 1.25 0.51–3.02 0.629
aFrom high prevalence country, no sexual contact and unknown exposure; bFrom high prevalence country, no 
sexual contact, vertical transmission and unknown exposure. 
CI = confidence interval; IV = intravenous; HAART = highly active antiretroviral therapy. 
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without/before AIDS and therefore 
survival was improved. 

Observed and predicted deaths 
among people diagnosed with HIV 
without AIDS are shown in Figure 1 by 
calendar year between 1997 and 2003. 
The predicted deaths were closely in 
agreement with the observed deaths. 
In addition, a test was performed to 
compare the goodness-of-fit of the 
observed deaths of the HIV-positive 
cases  without/before AIDS with 
the predicted deaths by the Weibull 
model. For deaths during this period, 
the goodness-of-fit was χ2 = 0.588 (P 
= 0.997), suggesting no evidence of a 
significant lack of fit. These results are 
in agreement with a visual comparison 
of the observed and predicted deaths 
in Figure 1.

Survival cases diagnosed as 
HIV-positive with AIDS
Table 3 shows the hazard ratios of sur-
vival of HIV-positive cases with a diag-
nosis of AIDS. A higher CD4 cell count 
at AIDS diagnosis was significantly 
associated with a lower risk of death 
after the diagnosis of AIDS. During 
this period of follow-up the following 
factors were found to be significantly as-
sociated with an increased risk of death: 
age group 25–29 years (P = 0.007); 
age 50+ years (P < 0.001); male IDU 
(P = 0.043); and having non-Hodgkin 
lymphoma, a CNS condition or one 
or more other illness (compared with 
Pneumocystis jiroveci as the reference) (P 
< 0.001). As expected, being on antiret-
roviral treatment was also associated 
with improved survival among AIDS 
patients.

Figure 2 demonstrates the observed 
and the predicted deaths following a 
diagnosis of AIDS by calendar year 
from 1997 to 2003. The comparison 
of observed deaths and predicted 
deaths showed that the model fitted 
reasonably. The goodness-of-fit of the 
model was χ2 = 11.86 (P = 0.065), 
suggesting no evidence of a significant 
lack of fit.

Discussion

Survival following a diagnosis of HIV 
infection was modelled by applying 
parametric survival models on people 
who were only diagnosed with HIV or 
with HIV and AIDS registered in the 
national surveillance system from 1997 
to 2003. Applying likelihood-based 
criteria for model selection indicated 
that the Weibull model was the best-
fitting parametric model for predicting 

survival following both HIV and AIDS 
diagnoses.

A l though the Cox model is 
frequently used in survival analysis, 
parametric models were selected to 
estimate the survival probabilities in 
this study because these models are 
known to be more accurate for projec-
tions, and also because the baseline 
hazards function is not estimated by 
the Cox model [11]. Furthermore, 
parametric models allow survival 

Figure 1 Observed and predicted deaths of cases diagnosed as HIV-positive 
without/before a diagnosis of AIDS by calendar year, 1997–2003

Figure 2 Observed and predicted deaths of cases diagnosed as HIV-positive with a 
diagnosis of AIDS by calendar year, 1997–2003 
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probabilities to be projected beyond 
the observed follow-up period [10]. 
Parametric models therefore permit 

deaths following a diagnosis of HIV 
infection and AIDS to be projected 
into the future.

The same approach of applying 
parametric survival models to obtain 
the best-fitted model for HIV disease 
progression to AIDS or to death has 
been used in some longitudinal stud-
ies [2,3,6,9,10,19]. Our finding that 
the Weibull model was the best-fitted 
model for both the HIV and AIDS data-
sets were in agreement with the models 
developed previously in other cohorts 
[2,11].

The Weibull model predicted an in-
creased risk of death after the diagnosis 
of AIDS in the age group 25–29 years 
and also for cases diagnosed as HIV-
positive without AIDS and after AIDS 
in the age group 50+ years. Our finding 
of shorter survival for older ages of HIV-
positive cases both without AIDS and 
after AIDS diagnosis is consistent with 
other studies [19–21]. Poorer survival 
in older ages may reflect the difference 
in initiation of antiretroviral treatment 
among older persons, especially as Phil-
lips et al. have demonstrated that the de-
cline in CD4 cell counts is faster among 
older age groups [21]. It is also notable 
that the age at diagnosis of both HIV 
and AIDS has increased in Australia 
over the last decade. The median age 
of HIV infection diagnosis among men 
increased from 32 years prior to 1996 
to 37 years in 2005, while the median 
age at AIDS diagnosis among men in-
creased from 37 years to 42 years over 
the same period.

Our study found that men who were 
IDUs experienced reduced survival 
times for HIV without AIDS and after 
AIDS diagnosis compared with other 
exposure categories. The increased risk 
of death for both HIV-positive cases 
and those with AIDS among male IDUs 
in the post-HAART era may be due to 
non-adherence to treatment or because 
current and former IDUs are known 
to have an increased risk of death from 
non-HIV-related causes [22]. In an-
other study a reason for poorer survival 
among IDUs was suggested to be lim-
ited access to treatment as only 45% 

Table 3 Covariates of survival of cases diagnosed as HIV-positive with a diagnosis 
of AIDS, applying the Weibull model, 1997–2003

Covariate Hazard ratio 95% CI P-value

Age (years) 

< 20 0.97 0.39–2.44 0.950

20–24 1.59 0.88–2.89 0.127

25–29 1.43 1.11–1.86 0.007

30–34 1.01 0.83–1.24 0.886

35–39 1.00 – –

40–44 1.04 0.86–1.23 0.728

45–49 1.01 0.83–1.22 0.932

50–54 1.22 1.00–1.50 0.055

55–59 1.33 1.05–1.70 0.019

60+ 2.08 1.62–2.49 < 0.001

Reported HIV exposure 

Male: homosexual 1.00 – –

Male: heterosexual 0.81 0.62–1.04 0.103

Female: heterosexual 1.01 0.73–1.40 0.936

Male: IV drug user 1.36 1.01–1.82 0.043

Female: IV drug user 1.07 0.66–1.74 0.770

Male: blood transfused 0.96 0.60–1.54 0.874

Female: blood transfused 1.38 0.71–2.67 0.342

Male: other exposuresa 1.11 0.88–1.41 0.368

Female: other exposuresb 0.71 0.41–1.22 0.211

CD4 cell count (cells/µL)

< 20 1.00 – –

20–50 0.91 0.75–1.09 0.291

50–100 0.87 0.72–1.05 0.149

100–200 0.83 0.69–1.00 0.056

≥ 200 0.58 0.48–0.71 < 0.001

Unknown 0.56 0.45–0.70 < 0.001

AIDS-defining illness

Pneumocystis jiroveci 1.00 – –

Kaposi sarcoma 1.15 0.93–1.42 0.192

Non-Hodgkin lymphoma 2.51 1.95–3.22 < 0.001

Other infections 1.15 0.97–1.35 0.089

CNS conditions 1.26 1.04–1.52 0.019

Wasting syndrome 1.16 0.92–1.47 0.214

Other one or more illnesses 1.36 1.13–1.64 0.001

Antiretroviral therapy

Mono/double 33.03 0.0007–160 0.525

HAART 2.65 0.84–8.32 0.094
aFrom high prevalence country, no sexual contact and unknown exposure; bFrom high prevalence country, no 
sexual contact, vertical transmission and unknown exposure. 
CI = confidence interval; IV = intravenous; CNS = central nervous system; HAART = highly active antiretroviral 
therapy.
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of IDUs had initiated HAART 5 years 
after seroconversion compared with 
57% of non-IDUs [7]. The percent-
age of IDUs diagnosed with AIDS has 
also increased in Australia from 4.8% in 
1997 to 6.4% in 2003 [23]. 

In our study cases whose HIV infec-
tion was attributed to receipt of blood or 
treatment for haemophilia/coagulation 
disorders experienced poorer survival 
times following a diagnosis of HIV-
positivity prior to AIDS diagnosis than 
other HIV exposure categories, possibly 
reflecting the effect of haemophiliac dis-
ease on mortality. This is consistent with 
a previous study on pre-AIDS mortality 
that found haemophiliac patients had 
poorer survival following HIV diagnosis 
prior to AIDS diagnosis compared with 
other HIV exposure categories [24].

To estimate the effect of treatment 
on the risk of death, covariates including 
the percentage of antiretroviral therapy 
were entered into the model. Survival 
following diagnosis of HIV-positivity, 
both without AIDS and with AIDS, was 

found to have improved with the use 
of antiretroviral treatment during the 
post-HAART era. May et al. discussed 
the effect of baseline measurements 
gradually decreasing over time and 
considered that antiretroviral treatment 
was an important factor in the prog-
nostic model [11]. Therefore, age and 
treatment were entered in our model 
as time-dependent covariates in order 
to adjust the effect of the length of time 
since the baseline measurements.

One limitation of our analyses was 
that the prognostic effect of CD4 counts 
was not included in the predicted model 
because about 54% of HIV cases had 
missing data on CD4 counts. Moreover, 
since individual information on antiret-
roviral therapy for both HIV and AIDS 
diagnoses were not available, the percent-
age of the population using antiretroviral 
treatment in Australia was entered into 
the model. This approach might have un-
derestimated the effect of antiretroviral 
treatments in modelling survival of both 
HIV-infected and AIDS cases.

In summary, this was the first time 
that survival following diagnosis of HIV 
infection prior to and after development 
of AIDS was modelled using paramet-
ric survival models in Australia. The 
Weibull model was found to be the best 
parametric model fitted to people with 
a diagnosis of HIV positivity without 
AIDS and after an AIDS diagnosis and 
will be applied for future projections of 
deaths from HIV/AIDS
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Global report: UNAIDS report on the global AIDS epidemic 2010

The 2010 edition of the UNAIDS Report on the global AIDS epidemic includes new country by country scorecards 
on key issues facing the AIDS response. Based on the latest data from 182 countries, this global reference book provides 
comprehensive analysis on the AIDS epidemic and response. For the first time the report includes trend data on 
incidence from more than 60 countries.

The global report can be accessed at: http://www.unaids.org/documents/20101123_GlobalReport_em.pdf


