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Background: In much epidemiological HIV research, patients are often followed over a
period of time to predict their survival on the basis of repeatedly measured CD4 status. To
predict survival, statistical models of the association between mortality and longitudinal CD4
measurement have been conducted widely using time-varying Cox models. However, in the
presence of repeated measure, this approach leads to biased estimates. In view of the
limitation of time-varying Cox models, in the present study, we considered joint modeling
to predict the association of longitudinal CD4 measurement and time to death among patients
initiated on ART.

Methods: A retrospective cohort study was employed for five years from 2009 to 2014 on a
randomly selected 358 samples. Data were collected from patients’ ART and pre-ART
follow-up registration book, database and other clinical records. Data were analyzed using
joint latent class modeling of repeated CD4 measurement and time-to-event (HIV death).
Results: We have studied a total of 358 HIV-positive patients. The median and interquartile
ranges of the age of patients were 30.31 years and 13.82, respectively. Males constitute the
larger proportion, 51.68%. The square root of CD4 count has declined on average over time.
This has been indicated with the negative sign of the coefficient for the time effect. The
deterioration of health of individuals is severe in class 1, it has been observed with a worse
decline in CD4 cell counts over time in this class than other classes (= —0.488). Women had
a larger risk rate than men (f=-2.475, p-value=0.013). Besides, the CD4 counts measure-
ment of patients has been revealed to decrease as age increases (= —0.016, p=0.008).
Conclusion: The finding indicated that the square root CD4 cell measurement dropped over
time in the three classes. This clearly suggested deterioration in the health of individuals.
Women were found to have a higher hazard rate than men.
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Introduction

The impact of human immunodeficiency virus (HIV) is still a global public health
challenge. At the end of 2019, there were an estimated 38 million people living with
HIV (PLWHIV). Although coverage of services has been steadily increasing, 33%
of PLWHIV were unable to access HIV testing, treatment and care.' As a result of
this gap in service, around 1.7 million people were newly infected and 690,000
people died from HIV-related causes in 2019. Over two thirds of all people living
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with HIV live in the WHO African region.” In Ethiopia,
there were 690,000 PLWHIV in 2018 with 23,000 new
HIV infections and 11,000 AIDS-related deaths.’

In a number of studies, people living with HIV are
often followed-up until the time-to-event of interest.*> In
such studies, the relationship between time until event of
interest and longitudinal biomarkers such as CD4 is the
focus of interest. For instance, different studies have indi-
cated that CD4 count is the most widely used biological
marker for HIV progression.®” Many studies were con-
ducted to assess the effect of antiretroviral therapy on the
survival rate of PLWHIV.® '°

Following the start of universal test and treat protocol,
less attention was given regarding the relevance of CD4
measurement. In many settings, still health-care providers
uses viral load to monitor the progression of HIV disease.
However, CD4 measurement is still crucial to the progres-
sion of the disease, particularly in resource constrained
areas where viral load measurement is not affordable."’
In our setting, different literatures showed that patients
who enrolled on ART with low CD4 measurement have
a higher risk of death.'*'* In these studies, time-varying
Cox model was used to examine the association between
repeated CD4 measurement and mortality.

Longitudinal studies often gather repeated measure-
ments and time-to-event data. Repeated measurements
and time-to-event outcomes are traditionally analyzed,
for instance, using Cox proportional hazards model.
However this approach leads to biased results."> When
using standard methods for estimating treatment effect in
cohort study it cannot allow us control time-varying
confounders.'® A good model that takes into account the
shortcomings of the Cox proportional hazards model is
joint models for time-to-event data and longitudinal data.'”

Joint models are preferably utilized in clinical trials for
their efficient estimates of the treatment effects with
reduced bias.'® Besides, joint models allow estimates
with a smaller SE than the Cox proportional model."”

The two typically used joint models are the joint latent
class model (JLCM) and the shared random effect model
(SREM).?° 1t is a prevailing fact that patients may have
some heterogeneity due to unobserved risk factors. In the
light of addressing this issue, JLCM considers that study
population have several homogeneous latent subgroups in
which the study subjects share the same risk of the event
and marker trajectory.”'

In view of the limitation of time-varying Cox models,
in the present study we used a joint latent class modeling

strategy to assess the association of CD4 count on mortal-
ity among HIV infected patients using antiretroviral
therapy.

Methods
Study Design and Setting

A retrospective cohort study was conducted for five years
from 2009 to 2014. The study was conducted in selected
ART clinics found in southwest Ethiopia. In This study
southwest Ethiopia encompasses five zones; namely,
Jimma, Illu Ababora, Kafa, Sheka, and Bench-Maji.

Study Participants

Source populations are all adults having a follow-up care
in ART clinics in southwest Ethiopia. Study populations
were 358 randomly selected who were enrolled on ART
between September 2009 and August 2014. These 358
patients represent randomly selected study subjects from
whom data were collected and analyzed to predict the
association of repeated measurements of CD4 count and
time to death using JLCM. We followed all of them until
they were lost to follow-up, dead, transferred out or the
study ended August 31, 2014.

Study Variables

The repeated CD4 measurement and time to death were
the two outcome variables considered for this study. Time
to death was measured from the time when ART was
initiated to death or censored in month. We considered
censored those subjects transferred to another hospital,
who were lost to follow-up, or did not die at the end of
the study. The CD4 count was the longitudinal outcome. It
was measured per millimeter cubed of blood every six
months, which was considered a biomarker for patients.
We have also considered independent covariates for both
survival modeling and the separate longitudinal model.

Data Collection

A standardized tool which was adapted from existing litera-
ture was used. The tool has previously been utilized.
Adapted tools were translated into local languages by lan-
guage experts. In the selected ART clinics routine clinical
and demographic data were recorded both at base line and
on each follow-up visit of the patients. Regarding CD4
count, it has been measured at baseline and then every six
months unless indicated by physicians. The data collection
was done through a record review method by three trained
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BSc clinical nurses. Relevant data were collected from
patients’ pre-ART and ART follow-up logbooks, database
and other clinical records. To assure quality of data extrac-
tion, a pretest was conducted on 5% of the sampled popula-
tion from nonselected ART clinics ahead of data collection.

Statistical Analysis

A joint modeling of time-until-event and repeated CD4
measurement was carried out. We considered the follow-
ing three steps for defining a joint model (i) a model for
the time-to-event (proportional hazard model), (ii) a model
for the marker trajectory (linear mixed model), and (iii)
joint latent class model (linking both models using a
shared latent structure).”? The proportional Weibull hazard
functions were used for both models. Estimation of mod-
els’ parameters was based on maximization of the log-
likelihood using the robust Marquardt algorithm.

A linear mixed model was used to model CD4 count by
taking between-subject variations into consideration. In
order to have an appropriate submodel we have used the
square root of CD4 count and we observed covariates that
significantly affect the average change in the square root of
CD4 count.

Distinguishing among different profile of CD4 trajec-
tories in the study subjects was modeled using a JLCM.
Our JLCM had three elements: the longitudinal biomarker
trajectories, the hazard for the time-to-event process and
class membership. We supposed that each of the study
subjects goes to one of the g latent classes, where g
denotes number of latent classes. Study subjects with
similar features and trend of CD4 count were supposed
to belong to the same class. After the model fitted, each of
the study subjects were assigned to the class on the basis
of higher posterior probability of membership.

Conditionally on each latent class (g), we modeled

The CD4 trajectory of subject i by

yilti)ei = g

= fog + plsexi + paddictioni + p3agei
+ bio/ci
=g+ (Blg + bil/ci = g)Xtij + €i(ti))

With (bio/ci = g,1/ci = g) =~ N(O, cg2B

Here, the latent class membership for each subject, i
was defined using a categorical latent variable ci, which
equals g if subject i belongs to latent class g (g=1 ... G).
We considered an unstructured variance-covariance matrix
of the random effects, which are the same over latent
classes.

Hazard of death was modeled by:
(t/ci = g) = 20(t) exp(alsexi + a2addictioni + a3agei)

In order to get a proper longitudinal and survival model we
considered the Akaike information criteria (AKI) and the
Bayesian information criteria (BIC).

Joint model estimation was done based on the Bayesian
approach. Accordingly, to get an appropriate joint model
the deviance information criteria (DIC) based on posterior
distribution of the deviance statistics was considered.

Moreover, first we checked for the conditional inde-
pendence (CI) assumption in JLCM. This essential
assumption considered independence between the time-
to-event and the longitudinal repeated measurements
given in the latent classes. The next step was to determine
the ideal number of classes that could explain the hetero-
geneity of the study subjects. We supposed that each study
subject belongs to one of the g latent classes. We consecu-
tively estimated the models with 1, 2 and 3 latent classes.
The ideal number of classes was determined by the model
with the lowest BIC.

Results

Descriptive Result
The study was conducted on 358 HIV-positive patients
who met the inclusion criteria. The median and IQR for
age of patients was 30.31 years and 13.82 respectively.
Males constituted the larger proportion 51.68% with a
median age of 36.28 years (IQR=11.27). The median for
baseline CD4 cell measurement was 356 cells/mm’
(IQR=320). During the follow-up, 68 patients (18.99%)
died and 97 patients (27.09%) were censored. Clinical
characteristics and demographic
included in Table 1.

The square root of CD4 cells count per millimeter

information were

cubed of blood which was measured nearly every six
month intervals was indicated in Table 2 by the censoring
and event status of the patients.

Joint Model Result
In order to determine the number of classes in JLCM, we
identified three models with differing numbers of classes.
Table 3 shows the comparison of BIC for JLCM.
Following the determination of the optimum number of
latent classes, we estimated the full model along with the
covariate variables. Table 4 presented the estimates for fit-
ting JLCM. The square root of CD4 cell count has declined
on average in all the three classes over time. This has been
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Table | Demographic and Clinical Characteristics of Study
Subjects, Southwest Ethiopia

Table 3 Comeparison of BIC of JLCMs, with a Total Number of
Classes Varying from | to 3

Variables Category Frequency | Proportion
(%)
Sex Male 185 51.68
Female 173 48.32
WHO clinical Stage | 151 42.18
stage Stage Il 134 3743
Stage IlI 59 16.48
Stage IV 14 391
Residence Urban 205 57.26
Rural 153 42.74
Functional status | Working 214 59.78
Ambulatory 98 27.37
Bedridden 46 12.85
Marital status Unmarried 122 34.08
Married 152 42.46
Divorced 37 10.33
Widowed 47 13.13
Nutritional status | Underweight | 253 70.67
Normal 77 21.51
weight
Overweight 28 7.82

indicated with the negative sign of the coefficient for the
time effect in The CD4 cell counts in class 1 has declined
markedly over time than other classes (f= —0.488). The
finding suggested that deterioration in the health of indivi-
duals in class 1 is highly pronounced. Women had a higher
risk rate than men (f=—2.475, p-value=0.013). Besides, the
study revealed that CD4 cell measurement of study subjects
decreased as age increases (5= —0.016, p=0.008).

Nearly 53.05% of study subjects in class 3 had little
hazard of death in time. Class 2, representing 37.56% study
subjects, had a moderate risk of death while class 1, repre-
senting 9.39% of the subjects, had an intense hazard of death.
Study subjects in the three classes have different profiles of
CD4 measurement associated with different risks of death.

JLCM | Likelihood | p | BIC Score Latent Class
Test Proportion
(p-value) | (%)

Gl —1457.86 I5 | 3173.89 | 24.253 100
(0.001)

G2 1385.86 36 | 3169.23 | 3.023 79.2,20.8
(0.215)

G3 —1505.32 28 | 3160.76 | 1.089 9.39, 37.51,
(0.580) 53.05

We have also observed how accurately the three-class latent
model allocates subjects to classes. The three-class latent
model yielded very good discrimination with average max-
imal posterior probabilities of subjects categorized respec-
tively, 0.84, 0.80 and 0.84 for classes 1, 2 and 3.

Discussion
In present study, we considered joint latent class modeling
to estimate the survival of PLWHIV who initiated ART
using CD4 cell counts and time-to-death.”® This model
supposes that a latent class structure fully captures the
correlation between the longitudinal marker trajectory
and the risk of the event.** As a result of its advantage
in modeling the dependency between the time until event
and the repeated measurement the joint latent class model
was specifically well-matched for prediction studies.'”'
Our finding depicted that estimation of time to death
based on longitudinal CD4 using the joint latent class
model. We revealed that the risk of death hinged on long-
itudinal CD4 counts. The study has also indicated that the
square root of CD4 cell measurement has declined on
average over time in the three classes. The fact that CD4
cell counts have decreased over a period of time showed
deterioration in the health of individuals. Women were

found to have a higher hazard rate than men. The finding

Table 2 Mean and Standard Deviation of Weighted and Square Root of CD4 with Censoring Status of Patients, Southwest Ethiopia

Measurement Time 0 6 12 18 24 30 36 42 48 54 60
in Months
Dead mean (SD) 11.96 16.29 19.57 20.2 19.91 19.79 21.18 29.81 19.63 17.14 I5.11
(4.42) (7.26) (4.66) (4.98) (4.22) (5.24) (3.71) (4.98) (5.21) (6.12) (5.36)
Censored mean (SD) 11.57 17.45 18.27 20.62 19.45 19.63 18.69 17.15 14.82 15.69 15.21
6.21) (4.05) (5.85) 6.04) (6.33) (4.61) (5.60) (4.34) (1.18) (4.35) (5.21)
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Table 4 Estimation of JLCM for Three Class Model

Model Parameter Estimate Standard Error p-value
Fixed effect in the class membership model®
Intercept class | 1.311 1.935 0.609
Intercept class 2 4.663 1.935 0.023
Sex class 1€ —-1.595 1.192 0.271
Sex class 2° —2.286 1.398 0.099
Age class | (years) —0.080 0.143 0.102
Age class 2 (years) -0.218 0.143 0.018
Nutrition class 1° 0919 1.109 0.426
Nutrition class 2° 0.401 1.288 0.901
Survival
Sex® —2.475 0.925 0.013
Age (years) 0.121 0.129 0.465
Nutrition® —0.441 0.852 0.676
Longitudinal
Intercept class | 4.470 0.423 0.001
Intercept class 2 5.363 0.320 0.001
Intercept class 3 5.26 0.398 0.001
Time class | —0.488 0.170 <0.001
Time class 2 —0.264 0.033 <0.001
Time class3 —0.015 0.015 0.001
Sex® 0.304 0.252 0.177
Age (years) —0.016 0.006 0.008
Nutrition® —0.176 0.152 0.313

Notes: *Class of reference is the last class. "Normal range in nutritional status (BMI). “Men.

of this study is in agreement with studies that used the
same analysis.>*?

The finding that indicated women had a higher rate of
hazard in this study seems in contradiction with different
literatures. However, our finding could be possibly justi-
fied with the prevailing socioeconomic and cultural fac-
tors. In the study area females are less economically
empowered than males and their health-seeking behavior
is highly affected by male involvement. In contrast home
delivery and compliance to traditional treatment are
unique and common to females. Although it requires sub-
stantive study, we thought that these factors can possibly
justify the higher risk rate of death in females than males.
Similarly, some studies in Ethiopia have shown that CD4
count is an important predictor of survival for HIV
patients using traditional, standard methods.”**’

However, we found this was in disagreement with
some studies from Ethiopia.’®?° The difference could be
explained by the difference in statistical methods used.
They have used Cox proportional hazards model to deter-

mine CD4 a predictor of survival. When using standard

methods for determining predictors of survival in cohort
study it cannot allow us to control time-varying confoun-
ders. Hence, this approach leads to biased results. In the
current study JLCM was used; a powerful method that
takes into account the limitation of the Cox proportional
hazards model for longitudinal and time-to-event data.

In the present study we learnt that the three latent
classes have varied profiles of CD4 measurement asso-
ciated with different risks of death from low to intense.
On the basis of our understanding of the finding, study
subjects were classified into three classes (“high risk”,
“moderate risk” and “low risk™) based on the health status
of study subjects. This finding put clinicians in a position
to make a better decision to help their HIV-infected
patients to maximize their survival.

We have also explored the longitudinal CD4 count and
the prediction of survival of HIV patients who were on
ART. From the weighted square root of CD4 measurement
the censored patients have an increasing mean square root
of CD4 count up to 30 months and started to decrease after
30 months. For deceased patients the square root of CD4
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measurements have increasing values up to 24 months and

showed a decreased measurement 30 months later.

Conclusion
The finding indicated that the square root CD4 cell counts

decreased on average over time in three classes. This

decrement in CD4 cell counts over time revealed worsen-

ing in the health of individuals. Women were found to

have a higher hazard rate than men. The CD4 counts levels

of patients decreased with increasing age. Individuals were

categorized with a given risk status in three classes (“high
risk”, “moderate risk” and “low risk™). It is hoped that this
finding helps clinicians to identify patients with risk of

death and to base their action to prevent further deaths.
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