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Abstract

Young adult mortality is very important in South Africa with the impact of Human
Immunodeficiency Virus /Acquired Immune deficiency Syndrome (HIV/AIDS), Tuberculosis
(TB), injuries and emerging non-communicable diseases (NCDs). Investigation of temporal
trends for adult mortality associated with TB and HIV has often based on age, gender, period and
birth cohort separately. The overall aim of this study was to estimate age effect across period and
birth cohort; period effect across age and birth cohort; and birth cohort effect across age and
period on TB and HIV-related mortality. Mortality data and mid population estimates were
obtained from Statistics South Africa for the period 1997 to 2015. Observed HIV/AIDS deaths
were adjusted for under-reporting while adjustments for the misclassification of AIDS deaths and
the proportion of ill-defined natural causes were made. Three-year age, period and birth cohort
intervals for 15-64 years, 1997-2015 and 1934-2000 respectively were used. Age-Period-Cohort
(APC) analysis using the Poisson distribution was used to compute effects of age, period and
cohort on mortality due to TB and HIV.A total of 5, 825,502 adult deaths from the period 1997
to 2015, of which 910,731 (15.6%) were TB deaths while 252,101 (4.3%) were HIV deaths. A
concave down association between TB mortality and period was observed while an upward trend
was observed for HIV-related mortality. The estimated TB relative mortality showed a concave
down association with age, a peak at 36-38 years was found. There was a concave down
relationship between TB relative risk between 1997 and 2015. Findings showed a general
downward trend between TB mortality and birth cohort, which 1934 cohort had higher rates of
mortality. There was an inverse flatter U-shaped association between age and HIV-related
mortality, where 30-32 years was more pronounced. An inverse U-shaped relationship between
HIV-related mortality and period from 1997 to 2015 was estimated. An inverted V-shape
relationship between birth cohort and HIV-related mortality was estimated. The study has found
an inverse U-shaped association between TB-related mortality and age, period and general
downward trend with birth cohort for deaths reported between 1997 and 2015.A concave down

relationship between HIV-related mortality and age, period and inverted V-shaped with birth



cohort was found. The association between HIV-related mortality and period differs from the
officially reported trend with adjustment, which shows an upward progression. Our findings are
based on a slight advanced statistical model using Age-Period-Cohort. Using APC analysis, we
found a secular trend in TB and HIV-related mortality rates which could contribute certain clues

in long-term planning, monitoring and evaluation.
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CHAPTER 1: INTRODUCTION

1.1  Background

Crucial indicators of mortality including age-specific, gender-specific mortality rates,
expectation of life from birth together with the leading causes of death are useful for public
health planning, implementation of monitoring and evaluation, distribution of resources as
well as making major and minor decisions about the population (WHO 2018). This
information allow government, at both national and subnational level, to develop strategic
plans to administer necessary resources in order to reduce burden of diseases among limited
resources settings (STATSSA 2015, STATSSA 2014 and Bradshaw et.al 2012). The
knowledge of young adult mortality is very important in South Africa to provide reliable
population estimates and projections that underlie planning in any sectors, especially with an
influence of Human Immunodeficiency Virus /Acquired Immune deficiency Syndrome
(HIV/AIDS), Tuberculosis (TB), injuries and emerging non-communicable diseases. In order
to produce health outcome rates, population statistics are needed at both national and
subnational level. However, the availability of vital registrations is usually the limiting factor

(STATSSA 2014 and Bradshaw et.al 2012).

Mortality rates are often measured mathematically as the number of observed deaths over a
studied population at a given period of time (Simpfendorfer, Bonfil, and Latour, 2005). These
mortality rates are then determined using occurring death ratios during specified period of
time to overall exposed population (persons-years) among which deaths occurred. In most
cases, these mortality rates are multiplied by 1000, 10 000 or 100 000 depending on the
frequency of deaths. Total observed deaths are often essential for comparisons of changes in
time trends between age groups, gender and population groups at a given time. Therefore, to

compare differences in mortality among age groups, gender and population groups over time,



total observed deaths must be associated to the exposed population at risk during the specific

period.

Mortality can be modelled using survival models of analysis where a set of statistical
approaches is used to investigate the lapsed time for death to occur (Collet 2015). The definite
time of survival for an individual, t (time to mortality), could be considered as the value of the
confounding variable, T (observing Time), which is an element of real numbers. T defines a
random variable associated with an individual survival time and Probability distribution is
formed as values of T are observed. Assuming that a random variable T has a probability
distribution with probability density function f(t), the cumulative distribution function of T
is given by F(t) =P(T <t) = fotf(u)du, which implies that the probability of definite
survival time is greater than the survival time. The function for survival time, S(t), is defined
to be the probability that the survival time is greater or equal tot, and so S(t) = P(T = t) =
1 — F(t). Therefore, the probability that an individual survives from the time of existence to
some observed period beyond the definite survival time t is represented by the survival

function.

TB and HIV-related mortality have remained among the top 10 leading causes of deaths in
South Africa for many years (STATSSA 2015, STATSSA 2017, Pillay-van Wyk 2016).
According to Johnson and Dorrington (2017), deaths attributable to AIDS-related causes in
2017 were estimated at 230,000 of all average deaths while TB alone was responsible for over
33,063 deaths in 2016 (UNAIDS 2016). Mortality patterns associated with age strongly
reflects a combination of a simple underlying ageing effect, which can be used as a good
indicator of the epidemiological profile of a specific population (Ngom and Clark 2003).
According to Herbest, Mafojane and Newell (2011), the majority of mortality attributable to
TB and HIV are among age group 25-54 years, which is the most economically active

population. Therefore, to mitigate the possible negative impact on human development, it is



fundamental to measure mortality levels and patterns of mortality due to TB and HIV-related

causes during adulthood.

The influence of HIV/AIDS on the age pattern of adult mortality has been reported to be
striking with a much-focused effect at reproductive age (Pillay-van Wyk et al. 2016). Statistics
South Africa (2017) reported that 12.4% of mortality between age group 15-44 years was
attributable to TB, while 10.5% were caused by HIV-related causes in the year 2017. Although
there are implications taken to reduce and eliminate the burden of HIV and TB in South Africa,

mortality due to TB and HIV/AIDS remain high (STATSSA 2017).

In South Africa, TB and HIV-related causes are ranked the leading infectious cause of death
since 1997 and remained unchanged till date (STATSSA 2015, Pillay van Wyk et al. 2016,
Adeiza, Abba and Okpapi 2014). The rates of mortality due to both HIV and TB combined
were observed to have rapidly increased from 1997, reached a peak during the period 2006,
and then declined with time periods (STATSSA 2015). The interaction between HIV and TB
in the sub-Saharan countries has also been associated with higher mortality rate, where as a
result, 25% of deaths were attributable to HIV in 2010 compared to 12% in the year 2000
(Adeiza, Abba and Okpapi. 2014). The downward trend of HIV and TB mortality rates
evaluated by period in years has been observed in most African countries such as Ethiopia,
Kenya, Mozambique and Nigeria during the year 2004-2008 (Bendavid et al. 2012). A study
conducted in South Africa also found a rapid decline (from 56% to 39%) of mortality due to

HIV during the year period 2000-2009 (Herbst, Mafojane and Newell 2011).

Estimations of mortality are often analysed as age-specific, gender-specific and cause-
specific, as exemplified by the annual mortality report given by the Statistics South Africa,
South African Medical Research Council (SAMRC), Department of Health (DOH) and World
Health Organization (WHO). An investigation of mortality trends over a long period of lime
by various demographic characteristics provides some crucial information and portrays a

better picture to understand mortality. Such crucial information on mortality trends by age-,
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gender-, race-, and cause-specific classifications have been reported in South Africa
(STATSSA 2015, Dorrington et al. 2018, Groenewald et al. 2017). Furthermore, an
application of statistical analysis could also provide a better insight of the effects of
demographic characteristics on mortality patterns at a specific time. 1.2 Statistical methods

of analyses of HIV and TB mortality

Studies to investigate TB and HIV-related mortality have been undertaken globally including
(Biset ,2017), Gesesew et al. (2016), Lima et al. (2016) Podlekareva et al. (2014)) since their
epidemic were different statistical methods have been adopted. Some of the studies sought to
describe epidemiological patterns, determine predictors of TB and HIV-related mortality rates
and distinguished the relationship between TB and HIV-related mortality. A study conducted
in Ethiopia assessed the predictors of mortality among HIV infected population who were
known to be taking antiretroviral treatment using meta-analysis (Biset 2017). Factors like
advance disease stage, low CD4 count, baseline weight and poor treatment adherence were
significantly associated with HIV-related mortality. Other factors which were found
statistically significant to HIVV/TB co-infected patients in Southwest Ethiopia were age (35-
44), being a female sex worker, bed ridden patients and disease stage, Gesesew et al. (2016).
Gesesew et al. (2016) study adopted Cox regression model to assess the predictors of
mortality. Furthermore, similar factors were reported by Aung et al. (2018) for the TB-HIV
co-infected patients aged 15 years and above of Myanmar, using cox proportional hazard

model.

In addition, cox proportional hazards regression has also been utilized to estimate the HIV-
cause specific associated and the outcome of antiretroviral treatment to reduce mortality
among TB patients in Kenya (Onyango et al. 2017). The study found that the probability of
mortality out of patients who were not on treatment were four times greater compared to
patients receiving treatment. Podlekareva et al. (2016) also adopted Cox models to study the
TB-HIV co-infected mortality among the European and American population. The study

showed that mortality differs in among this group of people differs by residential area.
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Application of Cox proportional hazards regression models showed a its significance in
comparing hazards ratios and predicting associated factors with TB and HIV-related mortality

in Rio de Janeiro, Brazil, da Silva Escada et al. (2017).

Logistic and Poisson regression models have also gained momentum to predict factors
contributing to HIV-related and TB mortality. Podlekareva et al. (2014) studied short and
long-term mortality and causes of death in HI\V//TB-related mortality in Europe using Poisson
regression while Takarinda et al. (2017) used logistic regression to determine the factors
related with mortality among TB patients in Zimbabwe. Gaifer (2017) reported confounders
for TB mortality in Oman for the period of 10 years (2006-2016) using logistic regression was
applied. Risk factors reported in Zimbabwe were not different from risk factors reported in
Oman. In Texas, a multiple logistic regression was utilised to develop and validate a
prognostic score for predicting mortality during TB treatment in TB-HIV co-infected
population (Nguyen, Jenkins and Graviss 2018). Time series analysis was found useful to

describe the patterns and time trends of TB-HIV-related mortality in Brazil (Lima et al. 2016).

In South Africa, a structural equation modelling approach was applied to examine HIV/TB
mortality determinats and the spatial allocation in the rural regions (Musenge et al. 2013).
Spatial models in this study showed that areas without any health facilities experienced
highest child HIVV/TB mortality while Namosa et.al (2013) found that peri-urban communities
of South Africa were associated with higher HIV-related mortality. A spatio temporal analysis
was used to examine HIV-associated mortality in rural western Kenya, (Sifuna et al. 2018)
where hot spot analysis was used. Queiroz et al. (2018) described epidemiological profile,
analysed the spatial patterns and investigated temporal trend of mortality due to TB in
Northeast Brazil and geographical areas with high prevalence of TB mortality. Studies
conducted across contries show available evidence that Spatio-temporal models are essential

in studying TB and HIV-related mortality across geographical areas.



Models of analyzing count data have been found useful, especially in the field of epidemiology
where rates of different health outcomes can be measured over time (Tetteh-Ahinakwa and
Oduro 2017, Russo et.al 2012, Bourne et al. 2009, AA and Naing 2012, Osagie and Adebukola
2017). These models produce a formal technique to investigate potential interrelations on the
average mortality rate and the specific risk factors with respect to the exposed population.
Furthermore, they also allow comparisons of health outcome rates among different exposure
groups under investigation controlling for confounding factors, where confounders are
estimated independently. On the other hand, age, period, and cohort model (APC) have been
found profitable to analyse the attributes of mortality trends over the period of time (Wang
et.al 2015). This model estimates the effects age, period and birth cohort simultaneously on
mortality rates, where the researcher investigate the manner in which mortality among the
particular age groups changes with time and by cohort and how age-specific death rate pattern
changes related to birth cohorts (Yang and land 2013). In addition, it may be used to better
depict the demographical, environmental and social factors that jointly affect individuals and
study population over a given period (Yang and Land, 2016). Furthermore, to yield a better
overview of mortality over a range of studied populations; age, period to mortality and birth
cohort should be taken into consideration. Nevertheless, there are no studies in South Africa
that examined the trend of TB and HIV-related mortality using age-period-cohort (APC)
model, which has been reported to be more effective than traditional cross-sectional analysis
in analyzing trends (Chang et al. 2011, Gao et al. 2017). Therefore, this study used APC model
to estimate age, period and birth cohort effects jointly on TB and HIV-related mortality using
a Poisson distribution on the counts of cause-specific deaths, with log-linear link on the

Poisson mean.

1.3  Related Studies (Age-Period-Cohort Analysis)

The utilisation of the APC models is a widely known tradition in medical sociology. It
measures the variation of birth, corresponding with the shifts in the population that are
exposed to risk factors over time. The APC models have been used for the analysis of the
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trends in the long-term mortalities of various chronic diseases including cancer, diabetes,
epilepsy etc. The significance of the APC analysis has been reported in measuring the
incidences, prevalence and the mortality trends in different parts of the world. Suddenly, APC
analysis is gaining momentum in analysing the cause of mortality worldwide (Ocafia-Riola

et.al 2013, Chang et.al, 2011, Gao et.al, 2017).

An effect of overall mortality in Andalusia was reported by Ocafia-Riola, Mayoral-Cortés
and Blanco-Reina (2013) where Lexis diagram was used to tabulate the death per individual’s
age and cohort, and the period effect was evaluated. The effects of age, period and cohort in
all geographical areas of Andalusia were evaluated and a tangible evidence about the time

trends of all age groups mortality was provided.

A study conducted in Taiwan employed the three phases of age-period-cohort analysis to
compare the pattern of epilepsy cause-specific mortality in European Union and United
Kingdom (Chang et al. 2011). Age and period effects were found to be statistically significant,
though the cohort effect was not significant. Regardless of the age and period effects found,
the overall effects of the epilepsy mortality in Taiwan were different from those of European

Union countries compared to the United Kingdom countries.

Gao et al. (2017) employed the APC analysis to describe the time trends of mortality due to
oesophagal cancer in China. Of the recorded deaths from 1989 to 2013, the effect of age in
this cohort was reported from the age of 30 to 84 years while the period and cohort effect

declined from 1989 to 2003 and 1910 to 1980s respectively.

The first study to use the APC analysis to compare the trends of breast cancer across East Asia
to the United States trend was conducted by Wang et al. (2015). The APC models estimated
when and how the three dependent covariates affected the breast cancer cause-specific

mortality trends. At age 20 to 54, there was an increase in mortality due to breast cancer



associated with age in all areas. However, after age 55 the United States pattern differed from

the East Asian.

Another study aimed to investigate the effects of age, period and cohorts on the temporal trend
of type I diabetes in children under 15 in Italy (Bruno et al. 2010). Poisson regression models
were used to model sex, age, period and cohort effects considering registry-level variance
component. The incidence of type | diabetes among the children in Italy was reported to have
increased within the time frame of the study. However, the increase could not be ascribed to
either the calendar time or birth cohort. The use of APC model provided evidence on the

ability to monitor disease incidence rate.

These models have not only gained popularity in studying effects of three factors on mortality
and burden of diseases but have also been utilised to study the effects on incidence and
prevalence based on social, cultural and environmental factors. Jee and Cho (2016) conducted
a study to identify the contributions of age, period and birth cohort effects on smoking
prevalence in young adult’s men in Korea. Age-period-cohort analysis was applied with the
aim of identifying independent effects, where the smoking prevalence was adjusted to 2008
population. Results of this study showed a significant increase with age, increasing with

smoking prevalence and declining with the increasing of period and cohort.

1.4 Overall Objectives

Different statistical methods including logistic regression, poisson regression, cox
proportional and spatio temporal analysis have been used to estimate mortality due to TB and
HIV-related cause. Given the array of methods available, the main purpose of this study is to
estimate age effect across period and birth cohort, period effect across age and birth cohort,
and birth cohort effect across age and period on TB and HIV-related mortality. This was done
using Age, period, cohort analysis which has not been applied to this type of data before.
Mortality data and Mid population estimates acquired from statistics south Africa for the

8



period 1997-2015 will be used to describe time trends of TB and HIV-related mortality. This
will be given by age specific mortality rates per 100 000 residents if South Africa. Estimations
of the mortality are often analysed as age-specific, gender-specific or cause-specific
separately, which may provide a better understanding of the mortality rates investigated. For
this study, effects of age, period and birth cohorts will be estimated simultaneously. To
estimate effect of age, period and birth cohort, the number of deaths over 3-year interval for
age, period and birth cohorts for 15-64, 1997-2015, and 1934-2000 respectively will be drawn
from the data. The effects of age, period and birth cohort will be estimated using a Poisson

distribution on the counts of cause-specific deaths, with log-linear link on the Poisson mean.



CHAPTER 2: METHODOLOGY

2.1 Introduction

This chapter described an overview of the utilised methods, study site, and the population as
well as the variables of interest of the data used for this study. Age-period-cohort (APC)

models are described fully.

2.2 Overview of Age-Period-Cohort Analysis

APC models were firstly introduced by demographers and sociologists in the 1970s and have
been proven to provide insights into the effects of age, period and cohort on observed changes
over various health outcomes. Analysis of age, period and cohort models have widely been

used in descriptive epidemiology to evaluate the mortality trends, prevalence, and incidences.

Age effects measures the variations related with various age groups created by aggregation of
experience, and physiological diversity. Age effects measures the features of individual’s
ageing processes t and developments observed during the lifetime. Furthermore, period effects
evaluate changes of health outcomes over time which are influenced by all age groups
simultaneously (Yang and Land 2008). Historical events and environmental factors including
epidemics and pandemics of infectious diseases are represented by effect of period. Lastly,
birth cohort effects determine the differences across a group of people who experiences the
health outcome in the same year. Usually, birth cohort effect arises as a result of mortality

distributions occurring from an exposed group separately impact age groups.

The APC models parameters combine time effects for age, period and cohort, where age
effects are observed within the age groups while a birth cohort effect is considered an

association due to period effect (Holford 1983). In most studies where the APC models have
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been utilised, the available evidence suggested that the analysis can provide useful
interpretation of the time trends of a disease and mortality rates (Ocala-Riola, Mayoral-Cortés
and Blanco-Reina 2013, Rosenberg and Anderson 2011). Moreover, these models perfom a

crucial role in understanding the time-varying elements of burden of diseases and mortality.

Although APC models are vital to study time trends of incidence and mortality rates, the
model suffers the identification problem (Holford 1983, Yang and Land 2008, Yang, Fu and
Land 2004). Age, period and cohort are known to be highly correlated, which causes the se
identification problem between the three factors. That is, if the value of two of these variables
are given, t the third variable can be estimated (period = age + cohort). Several researchers
have attempted to solve the identification problem where different methods have been
proposed including, using prior information to impose parameter constraints, non-informative
constraints causal models to approximate for age, period and cohort effects, and estimable
functions of the APC model parameters, intrinsic estimator and application of Bayesian
smoothing models (Yang and Land 2008, Luo 2013, Holford 1983). These attempts, were

started decades ago, continue to date.

Conventional APC models such as Constrained Generalised Linear Models (CGLIM) have
been used to resolve an identification problem by finding a relevant constraint of either age,
period or birth cohort (Yang and Land 2008, Yang et al. 2008). However, the method has
significant limitations; regarding finding the relevant constraint, which depends on the
additional, a priori, and information. However, researchers have found it difficult to acquire
or verify that prior information. This method is useful to establish the degree of sensitivity to
various changes in coefficient constraints. The results from the method, however, are not fixed
and are difficult to interpret (YYang and Land 2008). Therefore, recent researchers of APC
methodology have studied the estimable function, which is not dependent on the variation of

constraints.
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Apart from using constrained GLM, Bayesian Ridge Estimation of Age-Period-Cohort
Models can also be considered to solve collinearity problem using ridge priors (Duzan and
Shariff 2015, Xu and Powers 2016). Ridge estimator has been reported as appropriate

technique to find the desirable parameters for age, period and birth cohort under investigation.

Another alternative technique suggested by Yang et.al (2004) is Intrinsic Estimator (IE)
model. This model has been proven to yields trustworthy estimates of age, period and birth
cohort on mortality and morbidity, which determine the unique coefficients. Through
empirical analysis utilising the IE model, Yang et al. (2004) concluded that it can be a useful
alternative to conventional methods of APC. For any fixed number of periods, the IE model
is not only unbiased but has a smaller variance compared to other conventional model. Luo
(2013) assessed the validity and application scope of IE theoretically where constraint depends
on the number of age groups, periods, and birth cohorts’ categories has and non-trivial

inferences for estimations.

2.3 Modelling

To study age effect across period and birth cohort; period effect across age and birth cohort;
and birth cohort effect across age and period on mortality due to TB and HIV from 1997 to
2015 in South Africa, Age, Period and Cohort analysis was undertaken. The usual APC model
is an additive model for the log rate of mortality. Let i(1, ..., I) index the age groups, where
age group 1 includes 15-17 years old, age group 2 includes 18-20 years old, and so on ;
j(1,..,]) index 3 year period, with period 1 as 1997-1999, period 2 as 2000-2002, and so on;
and k(1, ..., K) index cohort. Assuming that age and period are divided into equally spaced
intervals, we have, 1=17, J=7 and K=23, that is, K = (I +J) — 1 (Appendix I). The following

assumptions were decided upon during the model construction.

The classical Lee-Carter (LC) method for modeling TB and HIV-related mortality rates is
given by
12



In(R;j, = a; + bit; + &, @
Where. R;;, denotes the matrix of age-specific mortality rates for age i at time period j and for
a cause-specific z, a; represents the mean age-specific mortality, b; is the rate of change in
TB and HIV-related mortality at age i, ¢; indicates the TB and HIV-related mortality index at
period j and ¢;;, is the residual term at age i and period j (Lee and Carter (1992)).
The Lee-Carter model assumes that residual term at age i and period j are distributed normally
with mean 0 and variance o2, while a change of mortality remain fixed over time for all
defined age-groups and overall trend (t;) is fixed for all age at a given period. Our model
parameter for mean age-specific mortality rates (a;) over time period j is then estimated as

follows:

1

a= ]—_2{21 In(Ryj,) 2

According to Lee and Carter (1992), the age and period parameters on the right side of (1)
cannot be observed, therefore ordinary least squares (OLS) approach cannot be used to
estimate the parameters of b; and ¢;. Since the OLS approach is not plausible, Lee and Carter
proposed a singular value decomposition (SVD) matrix to obtain the least squares estimates
by transforming age-specific mortality vector into a mortality index scalar where the

parameters are subjected to the following constraints:
Zibr=1, Yt=0 3)

From equation (1) and (2), b; and t; parameters are estimated by creating a matrix

A;; = (InRy) - @; 4)
Which can be broken down into three matrices; age component (A), singular values (X) and
period component (T) by applying SVD which takes a form

SVD(A;j) = AXT’ (5)
By applying constraints of b; and t; (3), the estimates of b; and t; are therefore given by

—~ 1
bi — 27 . (01,1 az103q . .. ai,l) (6)
J

i1

and
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ti=Yiajy . X1.(t11 tz1t31 oo 1) (7)
The estimates of log of cause-specific mortality are therefore estimated by

InR;;, = @; + b;t; = a; + 4 (8)
Although LC model can yield accurate average mortality rates for countries with available
vital registrations over time, it has some limitations. Based on the assumption that overall
mortality trend remains fixed over all age groups for a given period, this result to an over
estimation of the modelled mortality. Furthermore, LC model limit the mortality rate of each
age given that the log of mortality rate could be a linear function of time, which eventually
causes mortality rates of all ages to be 0. Since the estimates of LC are over-parametrized and
is implausible to be applied to many country- and cause-specific mortality data which it was
not designed for. Renshaw and Haberman (2006) introduced the cohort extension of the age-
period model given by equation (1) is defined by

log(Ry) = a; +bitj +biy_p+ &; 9)
Here y = (¥1-1,..., ¥; ) represents cohort effects. Again, this model is over-parametrized;
due to the non-identifiable problem (j = i + k). Here we have 2i — 1 parameter for the age

effects and j — 1 for the period effects.

Identification Problem
Suppose the effect of age, period and cohort are given by a;,, Bj, and y, for deaths due to
diseases z = 1 (TB) and z = 2 (HIV). Assuming that the three factor has an additive effect

on the log rate, one can model the natural log as;

In (Riji, ) = p+ @iz + Bjz + Yz + Eijkz (10)

which can be fitted using linear model and g;; is the random error. However, direct
interpretation of these effects is difficult because the model is over parametrized. There are
two sources of identifiability to consider. The simpler one to account for is that which always
occurs in models with factors: with an intercept in the model, we have one more level than is
estimable and so a constraint is required. A typical solution is to impose a sum-to-zero
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constraint. The more indirect form of non-identification transpires because three factors (age,
period and cohort) are linearly dependent, and there is no solution to this problem. Instead,
one must make assumptions if one wishes to directly interpret the parameters in equation (10).

Further, these assumptions are uncheckable from the raw data alone.

In most cases, the number of deaths 0, are taken to be independent Poisson distribution
with mean (4;;x,) depending on Age, Period, and Cohort effects. Model (10) fall into the
family of Generalized Linear Models (GLMs), it takes a log-linear regression form using a

log-link function and can be modelled as;

In (A, ) = lLog(Nyjip) + @iz + Bjy + Viz + Eijica (11)

Since Age-Period-Cohort analysis suffer from identification problem, some parameters are
constraints to zero in order to avoid the problem.

Y%y = X Bj = SEaVie = 0 (12)
This problem persists due to the exact linear relationship of the age, period and birth cohort,
which makes it impractical to recognize the individual contributions time effects factors,
(Holford 1983).
After the constraining parameters to zero (12), and when Ry, is normally distributed, model
(10) can also be presented in a form of a matrix for a linear model as follows:

R=Yb+e¢ (13)
where R is a mortality rates column vector, Y is the dummy variables design matrix and b is
a model parameter vector,

b=(ay. . agq,B1, - Bp-1, V1, Varp-2)" (14)
where & is a random errors vector with mean 0 and variance a*where ordinary least squares
method can be adopted to obtain model parameter estimates vector b:

b= (Ty)"'YTR (15)

where the indexed T denotes the transpose and the indexed —1 represent the inverse. Since at

least one of the columns of ¥ can be rewritten as a function of the other columns, the design
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matrix Y is a rank deficient one (i.e. singular). Consequently, a regular inverse (Y7Y)~1 does

not exist and Eg.15 cannot be estimated without an additional constraint.

The right side of equation 14 gives lot of information that helps in understanding how singular
design matrix incurs during estimation of model parameters. The following property is
obtained when design Matrix Y is less than full column rank,

Yby, = 0 (16)
Where b is a zero vector to so that the product of a vector and a design matrix becomes 0. In
this case, our null space design matrix ¥ contains an empty eigenvector b, that aligns with
eigenvalue of zero. Therefore, by is estimated by decomposing b in Eq (14) into two
components, which represent non-null and null spaces of the design matrix Y as follows:

b =b,; + qb, a7
where b4 is the prediction of b on the non-empty space of Y, by is the prediction of b on the
empty space of our design matrix Y, and q is an unpredictable scalar which produces crucial
underlying understanding of identity problem. as the scalar q possesses any real number, the
age, period and birth cohort effects also change (eq 17). Nonetheless, our column vector R is
not affected by various values of q, as shown in the following equation:

R =Yb + e = Y(by+qby) = Yby + qYb, (18)
where qY b is equal zero since Yb, from equation (16) is also zero. This implies that the
column vector R is dependent to Yb,. Therefore, R can take ant non-negative value that
represent various arrays of age, period and birth cohort effects depending on the value of q.
Identification problem defined in this case arises when the true values of b cannot be classified
in terms of three time-components factors. Yang et.al (2004) developed an intrinsic estimator
(IE) models to solve the persisting problem of the APC models which models the mortality
rates of a subspace Y by adopting principal component analysis methods which reduces the
dimensions of analysis by 1 dimension and eliminates eigenvector by. Suppose. V =
[V1, V2, .-, V2a+p)-4] aNd A =[A4,4;,.., A3(a+p)-4] are eigenvector and eigenvalue of

YTY respectively, our new PC space design matrix. in the non-null subspace is defined by:
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wW=Y-V (19)
where V’ has an interval of 2(a + p) — 4 by 2(a + p) — 5, consisting of eigenvector which

are non-empty.

IE algorithms yields some advantages over other techniques of solving identity problem
including CGLIM, using prior estimator and Bayesian approximation methods (Yang et.at
2004). These methods have been found to produce unbiased estimator depending on the
number of categories of age and period as well as their width intervals. Though, there are no
available literature to back up the theory behind the IE’s and on the selection of definite
constraints, this technique has been proven to produce plausible estimates. Moreover, IE are

recommended to produce efficient estimates than CGLIM models (Yang et.al. 2004)

All coefficients were estimated using the log-linear Poisson regression model. The temporal
variations of mortality by each cause were examined based on age-period, age-cohort, period-
cohort and age-period-cohort. The logarithmic transformation of mortality rates allows the
formulation of generalised linear model (GLM) presented by the linear equation above, where
u denotes adjusted mean deaths and &;; denotes random error. The robustness of the APC
model with various combinations of age, period and cohort was evaluated using deviance, log-
likelihood, Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC). A

model with lower AIC, BIC and deviance was considered the most suitable model.

2.4 Ethical considerations

Data for this study are publicly accessible and include no personal identifiers. Therefore, no
ethical review of the study protocol consent was necessary. These are secondary data which
are recorded by the Department of Home Affairs (DHA) and Statistics South Africa processes

and compiles them for public use.
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CHAPTER 3: DATA DESCRIPTION AND RESULTS

3.1 Introduction

Data handling and the statistical approach adopted to analyse data in this study were described.
Results of the analysis of the TB and HIV-related mortality data for the period 1997-2015 are
presented in this chapter. Summary statistics are given by means of frequency and percentages
for each cause-specific mortality and age. Age-specific and adjusted mortality rates are
reported per 100,000 residents of South Africa together with their corresponding mortality

plots. Estimated risk ratios are also presented adjusting for age, period and birth cohort.

3.2 Data

To study HIV and TB mortality trends, official mortality data obtained from Statistics South
Africa was used. These data provide demographic information such as gender, age, death year
and place of residence. Mortality data in South Africa are registered with the Department of
Home Affairs (DHA) using the death notification forms. Statistics South Africa processes and
compiles the mortality records forms into annual publications (STATSSA 2015). The
mortality due to HIV and TB data was analysed for the years 1997-2015. The underlying
causes of death were extracted using the 1CD-10 (International Classification of Diseases)
which are developed by the World Health Organization (WHO) and which the United Nations
(UN) states members agrees and adheres to (WHO 2010). TB codes included A15 to A19,
U51 and U52 while HIV codes range from B20 to B24. For this study, adults between the
ages of 15 and 64 were considered where the standardised age groups, 15-24, 25-44, and 45-

64 were utilised.

Statistics South Africa compiles mid-population totals at country level as well as at provincial

level from 2002 till to date. However, this study covered death data from 1997 to 2015.
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Therefore, for the years 1997 to 2000, an exponential growth rate from census 1996 was used

to estimate the mid-population. The formula used is as follows:

Piin = Pe™,

where n is the length of time, r is the rate of population growth, and P, is the total population

at time t. Mid-population estimates for the year 2001 was obtained from the 2001 census

report. For each cause-specific mortality, rates for each age group were calculated as per

100,000 residents of South Africa, that is, the proportion of the population dying from either

TB or HIV and population at risk.

3.3 Results

Table 1 presents overall mortality rates of adults aged 15-64 by sex, age and cause. In 2015,

a total of 1,162,832 adults’ deaths from TB and HIV were registered in South Africa. The

highest proportion of deaths was among the age of 25 to 44 years, followed by 45 to 64 years,

63.2% and 29.3% respectively. Considering deaths due to TB and HIV and among age 15-64,

TB cause-specific mortality was accountable for 910 731 (78.3%) deaths by the year 2015,

while 252, 101 (21.7%) deaths were observed for HIV cause mortality.

Table 1: Distribution of deaths by cause-specific and age groups, 1997-2015

Number of deaths (%0)
Overall [1, 162 832
Age Groups (100%0)] TB[910 731 (78.3)] | HIV [252 101 (21.7)]
15-24 87 417 (7.5) 68 291 (7.5) 19 126 (7.6)
25-44 735 268 (63.2) 561 322 (61.6) 173 946 (69.0)
45-64 340 147 (29.3) 281118 (30.9) 59 029 (28.4)
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Table 2 shows age-specific mortality rates calculated as the number of deaths per 100,000

residents in South Africa for TB cause-specific and HIV cause-specific, for each year and

three age groups. TB-specific mortality rates were higher for the age groups 25-44 and 45-64

compared to age group 15-24 years. Mortality rates increased rapidly with time, reached a

peak in 2006 and then declined until 2015. A normal distribution pattern was observed for the

three age groups under study in Figure 1.

Mortality rates due to HIV increases with time from 1997 to 2015 for all age groups, that is

15-24, 25-44, 45-64 years. Higher mortality rates were observed for age group 25-44 followed

by age group 45-64, while age group 15-24 had lower rates compared to other age groups.

Trends for mortality due to HIV are presented in Figure 1, where mortality trends are observed

to increase and decrease within the periods and age groups.

Table 2: Specific mortality rates calculated for each cause and age groups for each year

L]

HIV

Year of
death

Population at Risk

Observed number of
deaths by age and

period

Age specific deaths
(per 100000)

Observed number
of deaths by age
and period

Age specific deaths
(per 100 000)

15-24 25-44 45-64

15-24 '25-44  45-64

1524 25-44  45-64

15-24 1 25-44 45-64

15-24  25-44 45-64

1997
1998
1999
2000
2001,
2002,
2003
2004
2005
2006,
2007,
2008
2009
2010
2011
2012
2013
2014
2015

8417230 11617730 5705371
8604167 11874984 5831239
8795291 12137980 5959909
8990697 12406852 6091443
9190481 12681729 6225903
9394742 12962748 6363357
9703620 13128343 6524329
9991817 13288949 6677279
10231229 13474486 6824885
10386442 13716965 6968450
10480119 + 13998671 7121076
10532875 14318582 7278399
10551264 = 14666060 7435300
10527466 = 15057211 7593685
10447446 15505680 7752424
10318325 = 15980998 7908754
10157010 = 16482193 ' 8062446
10000435 16983627 8219731
9869209 17473681 8386321

1575
2174
2585
3365
4016
4634
5032
5075
5140
5179
5105
4677
4240
3866
3112
2706
2208
1916
1686

9745 = 6632
13813 7962
17746 - 9264
23225 10700
29438 = 12285
35896 14275
40260 16283
42292 17013
43309 18500
44568 19801
44402 19943
42266 20433
37752 19602
33477 18517
27714 16820
23507 15191
19292 13369
17570 = 12852
14550 = 11676

187 89 1162
253 1163 1365
294 1462 155.4
374 1872 1757
437 2321 1973
493 2769 2243
519  306.7 249.6
508 3182 254.8
502 3251 2711
499 3249 2842
87 3172 2801
444 2952 280.7
402 2574 2636
367 2223 2438
298 1187 217.0
262 1471 1921
217 1170 165.8
192 1035 156.4
171 83 1392

688 3883 855
778 4592 988
1018 6508 1309
966 6909 1447
850 6092 1275
879 7112 1451
932 7980 1715
1020 9062 2184
1053 9639 2550
1041 9627 2688
934 8818 2618
979 9680 3118
1068 11108 3937
1125 11506 4310
1065 10483 4348
1090 11482 4797
1287 13896 6359
1220 12876 6426
1132 12693 6654

82 334 150
90 387 169
116 536 220
10.7 557 23.8
92 480 205
94 549 228
96 608 263
102 682 327
103 715 374
100 702 386
89 630 368
93 676 428
101 757 530
10.7 764 56.8
102 676 56.1
106 718 607
127 843 789
122 758 782
115 726 793

Mortality rates were calculated as number of deaths/estimated population and expressed per
100,000 persons.
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Figure 1: Observed TB and HIV-related mortality trends by age groups
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34 HIV-related mortality data

In South Africa, vital data quality issues such as high proportion of misclassification of
HIV/AIDS deaths, ill-defined causes, low-quality certification of underlying cause of death
by health practitioner and headmen (rural areas), and a high proportion of deaths classified as
undetermined unnatural causes have been identified (Groenewald 2005, Birnbaum 2012 and
Pillay-van Wyk 2016). Over decades, completeness for death registration has been estimated
using several indirect demographic and statistical techniques for example, the Brass Growth
Balance, Generalised Growth Balance, Bennett—Horiuchi or Preston—Coale methods (Hill and
Queiroz 2010, Silva 2013, Bennett and Horiuchi 1984 and Dorrington 1999). However, these
methods are best used by national statistical offices, as they require the use of census data and
an understanding of the different techniques. Adair and Lopez (2018) developed an empirical
method to estimate death registration completeness, which utilizes data commonly available
at the national and subnational level. This method has some advantages compared to other
methods including better accuracy, improved timeliness, application to subnational areas and
greater simplicity of use. To adjust for under-reporting and misclassification of HIVV/AIDS
death, our study has adopted the indirect descriptive statistics utilized by Fazito (2012) to
identify and quantify misclassified and under-reported AIDS deaths in Brazil, and
Groenewald (2005) to identify AIDS related deaths in South Africa. The adopted method for
adjustment of HIV/AIDS related death has shown its significance in improving mortality

information at country level, by both age groups and gender (Groenewald 2005).

Cause-of-death statistics are compiled using the International Classification of Diseases (ICD-
10) which enables the identification of the exact cause of death. Statistics South Africa
manually codes the causes to the 10th version of the ICD-10 and undertakes an automated
selection of underlying causes of death according to ICD rules. According to ICD-10,
HIV/AIDS codes range from B20 to B24. Young adults (15-64 years) mortality records of all
deaths which occurred from 1997 to 2015 in South Africa with information on age, year of
death, and underlying cause of death were analysed. Death rates for HIV/AIDS and AIDS-
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related diseases were calculated for each of the three age groups (15-24, 25-44, and 45-64) for

periods from 1997 to 2015 per 100 000 persons of South Africa.

For this study, ‘misclassified’ deaths are defined as deaths which were due to AIDS but not
reported as such in the death certificates, while ‘Under-reported’ deaths are referred deaths
which were not declared or registered in the civil registries. According to the 1CD-10
underlying cause of death selection rules, a death may be considered as HIV/AIDS if there is
reference to HIV/AIDS in any line of the death certificate, as well as mention of a condition
that is considered a direct consequence of HIV/AIDS. The conditions that are assumed to be
direct consequences of HIV/AIDS are: Kaposi's sarcoma, Burkitt's tumour, and any other
malignant neoplasm of lymphoid, haematopoietic and related tissue, classifiable to C46 or
C81-96; and any infectious diseases classifiable to A00-B19, B25-B49, B58-B64, B99 or

J12-J18 (Centers for Disease Control and Prevention 2008).

To adjust for misclassification, potential 28 causes of death were investigated using age-
specific rates trends plotted over time. AlDS-indicators following the same distinct age pattern
typical of HIV/AIDS age-specific death rates trends plotted over time were selected for
estimating excess mortality. Statistics South Africa (2016) indicated that 96% of completeness
of death registration was achieved for 2015 period. Given that, we utilized 2015 deaths rate
to calculate expected mortality (expected mortality was subtracted from observed mortality)
and excess mortality from the causes which were identified as AIDS-indicators. Deaths
records with no information on age were redistributed proportionally to all other age groups
for the same year of death while deaths due to ill-defined causes were redistributed across all
other natural causes of death. Expected numbers of AIDS deaths that were coded as ill-defined
causes were estimated using the proportion of AIDS deaths among all-natural causes of
deaths. To adjust for under-reporting, observed number of AIDS deaths were further adjusted
for incompleteness. To do that, the ratio of overall observed death rate from our working data

and overall estimated death rate from WHO was subtracted from 1. Furthermore, excess and
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expected mortality due to ill-defined causes were scaled-up by the proportion of

incompleteness.

Table 3 presents an observed number of AIDS deaths, excess mortality, adjustment for AIDS
mortality to ill-defined and completeness, and the revised estimated number of AIDS deaths
along with corresponding deaths rates per year. Death rates were used to plot the trend
presented in Figure 2. Out of 28 AIDS-indicator deaths, only four conditions (Cryptococcosis,
Kaposi's sarcoma, Pneumocystosis and Meningitis due to other and unspecified causes) were
identified likely to be misclassified for AIDS deaths. There were a total of 11 968 deaths due
to Kaposi's sarcoma, 24 166 deaths due to Cryptococcosis, 71 051 deaths due to Meningitis
(from other and unspecified causes) and 37 294 deaths due to Pneumocystosis related to
HIV/AIDS deaths from 1997 to 2015; a total of 144 479 AIDS deaths misclassified as other
diseases. However, a total of 80 438 was redistributed to AIDS deaths due to over estimation
for the period 1997 to 1999. A total of 33 358 deaths due to ill-defined causes were
redistributed to AIDS, and 170 624 were added to the number of AIDS deaths to correct for
completeness of the mortality in South Africa. Altogether, 284 420 deaths were recoded to
AIDS between 1997 and 2015, representing 53% of all AIDS deaths. Of all deaths recorded
to HIV/AIDS, 60% were due to incompleteness of deaths, 28% were due to conditions likely
to be misclassified AIDS deaths while only 12% were due to ill-defined. Revised mortality
has shown a concave down association between HIV/AIDS cause-specific mortality and rates

over time with a peak during the period 2006.
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Table 3: Summary of AIDS mortality Adjustments in the 15 to 64-year-old South African

Population: 1997-2015

Revised
Observed  Observed Adjustme  Adjustment number of Revised
AIDS AIDS Excess nt for ill- for AIDS AIDS
Year Mortality  death rates Mortality defined completeness  deaths deaths rates
1997 5427 20.40 -1569 835 -1100 3594 13.51
1998 6358 23.34 -1078 1016 -93 6203 22.77
1999 8835 31.69 -417 1187 1154 10758 38.59
2000 9322 32.69 799 1228 3041 14389 50.46
2001 8217 28.27 2366 1103 5206 16892 58.12
2002 9442 31.88 4022 1247 7906 22616 76.35
2003 10627 35.21 5643 1419 10599 28288 93.74
2004 12266 39.93 7350 1623 13495 34733 113.06
2005 13242 42.38 8515 1751 15399 38908 124.53
2006 13356 42.15 9722 1827 17323 42227 133.26
2007 12370 38.52 9537 1745 16924 40577 126.35
2008 13777 42.34 8752 1872 15937 40339 123.96
2009 16118 48.86 7955 2174 15195 41442 125.63
2010 16949 50.64 6796 2239 13552 39536 118.12
2011 15912 46.81 4467 2102 9798 32279 94.96
2012 17376 50.29 3562 2264 8676 31879 92.27
2013 21562 61.38 2328 2683 7516 34088 97.05
2014 20533 57.52 1688 2539 6340 31100 87.12
2015 20499 56.54 0 2505 3758 26762 73.81
Total 252188 80438 33358 170624 536609
Observed and revised HIV/AIDS deaths: overall and by age groups
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Figure 2: Observed and revised HIV/AIDS death rates for the 15 to 64-year-old South

African Population
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3.5  Analysis of the modelled data with reference to HIV/AIDS and TB related

causes of death

The data covered HIV and TB cause-specific mortality for South Africa between 1997 and
2015. It was decided to restrict the age range of the dataset to people who were, at year of
death, equal to or greater than 15 but less than 65 years of age. To highlight the possibility of
including covariates into the analysis, the gender of patients and the cause-specific mortality
was included when collapsing the dataset into unique records of age, period, and cohort. A
three-year age, period and birth cohort intervals for 15-64 years, 1997-2015 and 1934-2000
were used respectively. This collapse led to (64 — 15) x (2015 — 1997) different age-period
categories, each of which were further subdivided by date of birth into three categories. This
gave a total of 238 observations, one for each triangular subset. However, since a completed
dataset contains insufficient information, cause-specific mortality terms were included. To
adjust for individual age populations, the Sprague multipliers method of estimation was
employed. Calot and Sardon (2004) gave detailed information on how Sprague multipliers
can be utilised to estimate the mid-population per single age. Therefore, the dataset contains
(119 x 2) observations and population risk-time calculations were performed for single age
using Sprague multipliers. Data used comprise 16 3-year and 1 2-year age groups ranging
from 15-64 and 6 3-year and 1 single year period from 1997 to 2015. These yielded 22
successive 3-year and 1 single birth cohorts of which the oldest was born in 1934-1936 and
the youngest cohort was born in 2000. A two-way table of modelled data is shown in the

Appendix | estimated effects are based on the adjusted mortality data.

3.6 Data exploration by three-year age, period and birth cohort intervals

Figure 3 shows the percentage distribution of TB-related mortality by age group over a 3-year
period interval and 3-year birth cohort. Higher proportion of deaths were observed for age

group 25-44 -24 followed by age group 45-64 while age groups 15-24 had the lowest deaths
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across all periods. Observed percentages showed that TB mortality for age group 45-64
increased with an increase of time while for other remaining age groups, mortality decreased
with time period. Age group 15-24, 25-44 and 45-64 were born between the birth cohort 1973-
2000, 1952-1990, and 1934-1972 respectively. For birth cohorts between 1952-1954 to 1958-
1960, mortality was higher for age group 45-64 compared to age group 25-44 years, while
higher mortality were observed for age group 25-44 birth cohort 1964-1984 compared to all

other age groups.

Figure 4 shows proportions of HIV-related mortality by age group over a 3-year period
interval and 3-year birth cohort. HIV-related mortality. Age group 25-44 had higher
proportions of HIV-related mortality between 1997 and 2015 while age group 15 — 24 had the
least deaths. HIV-related mortality decreased with period for age group 15-24 and 25-44 but
increased with time for age group 45-64. Birth cohort 1952-1954 to 1961-1963, age group 45-
64 had higher proportion of HIV-related mortality compared to same birth cohort age 25-44.
Again, proportion of HIV-related death were higher among age group 25-44 compared to age
group 15-24 birth cohort 1973-1975 to 1985-1987.The rest of the results are organised by the

main research question in the study.
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Figure 3: Percentage distribution of observed TB mortality by age groups over the 3-year
period and 3-year birth cohorts
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Figure 4: Percentage distribution of observed HIV-related mortality by age groups over a
3-year period and 3-year birth cohorts

3.7  Mortality relative risk (RR) for TB and HIV cause-specific.

To describe the age, period and birth cohort effects simultaneously, this study used the APC
model (IE) to analyse TB and HIV-related mortality trends (1997-2015) of South African

residents aged 15-64 years. To evaluate the robustness of the IE findings, | estimated the
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relative risks using the the traditional CGLIM model that apply different constraints. Table 4
and 5 present the estimated relative risk (RR) and 95% confidence intervals for mortality due
to TB and HIV respectively. The reference group for age, period and birth cohort relative risk
is the mean influence of all ages, periods and birth cohorts combined (Keyes and Miech 2013).
Age, period and birth cohorts’ effects trends were plotted based on the relative mortality risk.

Analysis for HIV-related mortality were conducted using the revised data.

Table 4 shows the estimated mortality relative risk for TB cause-specific mortality using the
intrinsic estimator and Constrained Generalized linear models and depicted in Figure 5 and
Figure 6 respectively. Mortality relative risk and 95% confidence intervals are reported. Our
results show that age, period and cohort have a strong association with TB mortality.
Controlling for period and birth cohort effects, age effect showed that the relative mortality
increases as the age increases. Higher mortality was observed for individuals aged 27 years
and above to 64 years. For the period effect, relative risk increased from 2000, reached a peak
by the year period 2006-2008 and thereafter decline until 2015, holding age and birth cohort
effects constant. The cohort effect reflects an aggregate effect of exposure in generations.
Mortality relative risk was found higher for birth cohort 1934-1936 than birth cohort after
1934-1936. The results showed an upward trend in Tuberculosis mortality by age to around
the age of 33-35 years, from which point the trend turned downward continuously to age group
63-64 years. There was a progressive upward trend in Tuberculosis mortality between 1997-
2000 and 2006-2008, then declined thereafter to 2015 period. A downward trend between TB

mortality relative risk and birth cohort was found (1937-2000).

Table 5 shows the estimated incidence rates for HIV cause-specific mortality using the
intrinsic estimator and Constrained Generalized linear models and portrayed in Figure 7 and
Figure 8 respectively. Age group 24-26 to 42-44 years were associated with higher mortality
rates as compared to age groups younger than 24 or older than 44 years, controlling for period
and birth cohort effects. Keeping age and birth cohort effects fixed, period effect increased
significantly with time from 1997-1999 to 2009-2011 then declined significantly thereafter.

30



Cohort born in 1964-1966 were associated with higher HIV incidence rates as compared to
cohorts born before 1964 or after 1966. An accelerating trend in Human Immunodeficiency
Virus mortality with age, to age group 33-35 years, from which point the trend turned
downwards until age group 57-59 years then increases again. There was a concave down
association for HIV-related mortality during the study period (1997-2015). There was inverted

V-shaped association between HIV-related mortality and birth cohort.

Estimates of age, period and cohort using CGLM approach depends on the choice of
constraint, which can be by either age, period or cohort. Unfortunately, estimates of the
CGLIM approach completely depend on constraint chosen and consequently different results
can be obtained when changing the identification restriction (Appendix Ill). Therefore, the
constraints should be chosen carefully. For our study, estimates obtained from each of the
three constraint are reported and similar significant results to those of the IE solution was
yielded. Results are presented in table 4 and Table 5 and portrayed by Figure 5 and Figure 6;
and Figure 7 and Figure 8, for TB and HIV cause- mortality respectively. The age and birth
cohort effects are different for TB cause-specific mortality across the two models, while the
period effects estimated by both models are basically similar. The age, period and birth cohort
effects estimated by both IE and CGLIM are virtually very similar for HIV cause-specific

mortality.
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Table 4: Age-period-cohort estimates for TB cause-specific mortality

CGLIM
IE
Constrained by Age group: 18-20 = 63-64
TB Cause-Specific
Mortality RR 95% CI RR 95% CI
Age
15-17 0.12 0.11 0.12 1.00 -
18- 20 0.29 0.27 0.30 2.22 2.08 2.36
21-23 0.58 0.55 0.60 4.10 3.82 4.39
24 - 26 0.95 0.92 0.99 6.17 5.72 6.65
27-29 1.28 1.22 1.33 7.52 6.89 8.21
30-32 1.45 1.40 1.51 7.81 7.07 8.62
33-35 1.51 1.46 1.57 7.42 6.64 8.29
36-38 1.50 1.45 1.56 6.71 5.93 7.59
39-41 1.47 1.42 1.52 6.00 5.25 6.86
42 - 44 1.42 1.37 1.48 5.29 4.57 6.13
45 - 47 1.40 1.34 1.46 4.73 4.03 5.55
48 - 50 1.36 1.29 1.44 4.21 3.53 5.02
51-53 1.34 1.26 1.43 3.78 3.13 4.57
54 - 56 1.31 1.22 1.41 3.37 2.75 4.12
57 -59 1.30 1.18 1.43 3.05 2.46 3.78
60 - 62 1.24 1.12 1.38 2.66 2.17 3.26
63 -64 1.14 0.97 1.34 2.22 2.08 2.36
Period
1997 - 1999 0.60 0.56 0.64 1.00 -
2000 - 2002 1.10 1.08 1.12 2.01 1.87 2.16
2003 - 2005 1.50 1.46 1.53 3.00 2.77 3.25
2006 - 2008 1.58 1.55 1.61 3.47 3.20 3.77
2009 - 2011 1.25 1.23 1.27 3.01 2.76 3.29
2012 - 2014 0.81 0.79 0.84 2.14 1.93 2.38
2015 0.63 0.61 0.66 1.84 1.63 2.06
Birth cohort
1934 - 1936 1.62 1.39 1.90 1.00 -
1937 - 1939 1.34 1.04 1.73 0.75 0.56 1.01
1940 - 1942 1.30 1.04 1.61 0.66 0.51 0.86
1943 - 1945 1.02 0.87 1.19 0.48 0.39 0.58
1946 - 1948 0.97 0.87 1.09 0.41 0.35 0.49
1949 - 1951 1.12 1.01 1.25 0.44 0.36 0.52
1952 - 1954 1.16 1.07 1.26 0.41 0.35 0.48
1955 - 1957 1.14 1.06 1.23 0.37 0.32 0.42
1958 - 1960 1.20 1.13 1.28 0.35 0.31 0.40
1961 - 1963 1.23 1.16 1.30 0.33 0.29 0.37
1964 - 1966 1.30 1.23 1.37 0.32 0.28 0.35
1967 - 1969 1.23 1.17 1.30 0.27 0.25 0.31
1970 - 1972 1.27 1.20 1.34 0.26 0.23 0.29
1973 - 1975 1.22 1.17 1.28 0.23 0.21 0.25
1976 - 1978 1.13 1.08 1.18 0.19 0.18 0.21
1979 - 1981 0.94 0.91 0.97 0.14 0.13 0.16
1982 - 1984 0.80 0.77 0.82 0.11 0.10 0.12
1985 - 1987 0.68 0.65 0.70 0.09 0.08 0.09
1988 - 1990 0.56 0.54 0.59 0.07 0.06 0.07
1991 - 1993 0.53 0.50 0.56 0.06 0.05 0.06
1994 -1996 0.60 0.55 0.66 0.06 0.05 0.07
1997 - 1999 0.76 0.64 0.90 0.07 0.05 0.08
2000 0.85 0.79 0.92 0.07 0.06 0.08

Mortality relative risk (exp(b)) and 95% confidence intervals are reported.
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Table 5: Age-period-cohort estimates for HIV cause-specific mortality

CGLIM
IE
Constrained by Age group: 27-29 = 63-64
HIV Cause-Specific
Mortality RR 95% CI RR 959% ClI
Age
15-17 0.47 0.42 0.54 1.00 -
18 - 20 0.52 0.50 0.55 1.09 0.95 1.25
21-23 0.70 0.67 0.74 1.44 1.24 1.68
24 - 26 1.31 1.27 1.36 2.65 2.26 3.11
27 - 29 1.07 1.04 1.11 2.14 1.81 2.52
30-32 1.66 1.61 1.71 3.25 2.73 3.87
33-35 1.61 1.56 1.66 3.10 2.59 3.72
36 - 38 1.53 1.48 1.58 291 2.41 3.51
39-41 1.44 1.40 1.49 2.70 2.22 3.28
42 -44 1.40 1.33 1.48 2.59 2.10 3.18
45 -47 0.81 0.74 0.88 1.47 1.17 1.84
48 - 50 0.78 0.74 0.83 1.40 1.12 1.75
51-53 0.78 0.75 0.82 1.38 1.10 1.73
54 - 56 0.82 0.77 0.87 1.43 1.12 1.81
57 -59 0.89 0.84 0.95 1.52 1.19 1.95
60 - 62 1.05 0.98 1.13 1.77 1.38 2.27
63 -64 1.29 1.13 1.47 2.14 1.81 2.52
Period
1997 - 1999 0.36 0.34 0.38 1.00 -
2000 - 2002 0.67 0.66 0.69 1.91 1.80 2.03
2003 - 2005 1.15 1.13 1.17 3.32 3.12 3.53
2006 - 2008 1.41 1.38 1.44 4.12 3.85 4.42
2009 - 2011 1.45 1.42 1.47 4.30 3.99 4.63
2012 - 2014 1.37 1.34 1.40 4.13 3.78 4.51
2015 1.29 1.23 1.35 3.95 3.54 4.41
Birth cohort
1934 - 1936 0.39 0.35 0.45 1.00 -
1937 - 1939 0.32 0.26 0.40 0.81 0.64 1.03
1940 - 1942 0.61 0.43 0.87 1.51 1.01 2.25
1943 - 1945 0.89 0.74 1.08 2.17 1.73 2.72
1946 - 1948 1.09 0.98 1.20 2.60 2.31 2.92
1949 - 1951 1.30 1.21 1.40 3.06 2.73 3.43
1952 - 1954 1.48 1.37 1.60 3.43 3.07 3.84
1955 - 1957 1.61 1.51 1.72 3.68 3.35 4.03
1958 - 1960 1.90 1.75 2.05 4.26 3.88 4.67
1961 - 1963 2.08 1.94 2.22 4.60 4.27 4.95
1964 - 1966 2.22 2.10 2.34 4.83 4.56 5.12
1967 - 1969 2.09 1.98 2.22 4.49 4.24 4.75
1970 - 1972 1.93 1.83 2.03 4.07 3.85 4.30
1973 - 1975 1.74 1.67 1.82 3.63 3.45 3.82
1976 - 1978 1.58 1.51 1.65 3.24 3.05 3.44
1979 - 1981 1.29 1.24 1.35 2.61 2.45 2.79
1982 - 1984 1.05 1.00 1.11 2.09 1.93 2.27
1985 - 1987 0.85 0.81 0.88 1.66 1.52 1.81
1988 - 1990 0.70 0.67 0.72 1.34 1.21 1.49
1991 - 1993 0.61 0.57 0.65 1.16 1.01 1.32
1994 -1996 0.54 0.50 0.58 1.01 0.86 1.17
1997 - 1999 0.44 0.40 0.48 0.80 0.67 0.96
2000 0.38 0.34 0.43 0.69 0.56 0.86

Mortality relative risk (exp(b)) and 95% confidence intervals are reported.
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Figure 5: Age, Period and cohort effects of TB mortality. Notes: dotted lines represent 95%
confidence intervals.
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Table 6 shows the model selection statistics for example deviance and AIC were used to
choose the best model of two factor and full three factor APC models. Based on the measures
of estimates, none of the three components of the APC models should be eliminated from the
model specification. The full APC model fit the data significantly better than the other three

models. Outputs from the fitted models are shown in Appendix II.

Table 6: Summary of the goodness of fit

Cause-Specific | Age and Period Age and Period and Age, Period and
Mortality (AP) Cohort (AC) Cohort (PC) Cohort (APC)
TB
Log-likelihood | -365127 -395163 -390506 -354507
Deviance | 727230 787302 777988 705991
BIC | 725339 785411 781070 704124
AIC | 2173 2353 781032 2110
HIV
Log-likelihood | -98680 -96518 -108390 -92250
Deviance | 194811 190486 214229 181951
BIC | 192920 188595 216838 180084
AIC | 588 575 216800 549

Lower AIC and Deviance indicates best model in each cause-specific mortality.
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CHAPTER 4: DISCUSSION AND CONCLUSION

4.1 Introduction

This chapter discusses the key findings from the analysis in this study and how it varies from
or is similar to findings from other studies. The strengths and limitations of the study have
also been discussed. Future work has been suggested and conclusions are also provided in this

chapter.

4.2  Discussions

In South Africa, young adult morality is important to provide a reliable population estimates
and projections that underlie planning in any sector especially with the impact of HIV/AIDS,
TB, injuries and emerging non-communicable diseases. This study set out to simultaneously
estimate effects of age, period and birth cohort on mortality due to TB and HIV among young
adults (ages 15-64 years) in South Africa between 1997 and 2015. An Age, Period and Cohort
Model based on Poisson Distributions for the deaths counts was used. Our study also adjusted

HIV/AIDS deaths for misclassification and under-reporting using descriptive statistics.

Findings confirmed the substantial misclassification of HIV/AIDS deaths in South Africa’s
vital registration system reported in the literature. Our study identified four AIDS related
conditions which are source of HIV misclassification and revealed a downward trend in HIV
death rates over time, with a peak during the year period 2006. A concave down association
between age and TB mortality, with a peak at 33-35 years. There was a concave down
relationship between TB cause-specific mortality in the studies mortality data period: 1997
and 2015. There was a downward trend between TB mortality and the effect of birth cohort
from 1934 to 2000. There was an inverse flatter U-shaped association between age and HIV-
related mortality and was more pronounced at 30-32 years. The estimated relative risks
showed an inverse U-shaped relationship between HIV-related mortality and effect of period
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from 1997 to 2015. An inverted V-shape relationship between birth cohort and HIV-related
mortality was estimated.

Results from age, and period analysis are comparable to official statistics report, global TB
and HIV-related mortality report and other similar research findings in South Africa, however,
differs from official statistics of South Africa according to period. Our study showed that age
groups 36-38 were more at risk of TB mortality than all other age groups, which correspond
to Kootbodien et.al (2018) findings. We reported a decline of TB death rates in South Africa
since 2007 to 2015, which is in line with the 68.8% to 77.2% global reduction in TB mortality
from 2007 to 2014 respectively. The similar trend for TB deaths over time was reported by
the official statistics of South Africa which was also confirmed by Pillay-van Wyk et al.
(2016). Furthermore, Day and gray (2015) reported a concave down relationship in TB
mortality over the period 2001 to 2013 while an inverted u-shaped association between TB
mortality and during the period 2000 to 2015 was reported by WHO (2018). Meanwhile, there
are possible explanations for the decreasing TB death rates over time among young adults in
South Africa. Such rapid decrease may be due to an increase in treatment success rate (83%)
achieved in the year 2016 and reported by the National TB statistics for South Africa. The
decline in the change rate over time represent improvements in the initiatives taken to mitigate
the burden of TB mortality (Karim et.al 2009, World Mortality Report 2011 and Groenewald
et.al 2017). A burden of TB mortality was noticed in the earlier cohorts compared to later
cohorts. This may be due to the better living and health conditions of younger cohorts and
their exposure at younger ages under these favorable circumstances (WHO 2018). This may
also be related to advanced medical development and antibiotics usage during the 21% century.
This study showed higher TB mortality among older birth cohorts; therefore, it is essential to

further strengthen screening, immunization, and treatment for older cohorts at high risk.

Findings from this study are comparable to the National Burden of Diseases of South Africa
and other studies conducted to assess and quantify the misclassification and under-reporting
of HIV/AIDS deaths in South Africa (Pillay-van Wyk et.al 2016, Birnbaum, Murray and

Lazano 2012). Among the four AIDS-related causes identified in this study, three are
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document as HIV/AIDS ICD-10 codes by the national burden of disease list for the South
Africa (Pillay-Van Wyk et.al 2014) while one was confirmed by Groenewald et.al (2005).
This study has shown higher risk of HIV-related mortality among age groups 30-32, 33-35
and 36-38 years compared to all other age groups. The impact of HIV-related mortality among
age group 30-34 years in South Africa is justified in a study conducted by De wet, Oluwaseyi
and Odimegwu (2014) during 2001-2009 period. Furthermore, Herbest, Mafojane and Newell
(2011) also suggest a huge impact of HIV-related mortality among the childbearing age (15-
49 years). Pillay-van Wyk et.al (2016) reported a downward trend in HIVV/AIDS deaths from
2007 while De Wet et.al (2014) showed that the probability of dying from HIV/AIDS
decreased in 2007-2009, which is similar to the findings of this study. Factors like an
introduction of antiretroviral (ARV) treatment programme at the public health sectors (WHO
2008) and an improvement towards completeness of vital registration with less
misclassification over time (STATSSA 2016) may have accounted for decrease in HIV/AIDS
Mortality. This study indicated higher HIV-related mortality risk for birth cohort 1946-1949
to 1982-1984 with even greater risk for birth cohort 1964-1966. The results in this study agree
with the world mortality report by UN, where it is indicated that mortality risks due to
HIVMAAIDS compared to all causes of mortality rates were higher among 1950 to 1955 birth
cohort. Furthermore, they found the highest AIDS mortality risk among 1970-1975 birth
cohort compared to the earlier and later birth cohorts. MacLead, Majuba and Tipping (2018)
confirmed a higher HIV/AIDS mortality among the older birth cohort of South Africa. Factors
like time to exposure, weak immune system and lack of education may have contributed to

greater risk of HIV-related mortality among older birth cohort (MacLead et.al 2018).

4.3 Limitations of the study

The findings and subsequent discussions are subject to limitations of our study. For example,
one of the limitations of the study was that APC models do not test hypotheses about the
effects of environmental or historical influences; instead, they organize data and provide
useful mathematical formulae for summarizing mortality rates over time. Officially published
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mortality data was used, which are based on underlying cause of death. Furthermore, mortality
data are under-reported, misclassified and incomplete (Bradshaw et al. 2012), which could
have affected and confounded the observed rates and their interpretation. Given these

limitations, mortality estimates should be interpreted with caution.

4.4 Recommendations for Further Research

Misclassification of HIV/AIDS deaths and large number of ill-defined deaths is a problem in
South Africa. Therefore, to estimates deaths rates which are reliable, it is necessary to adjust
mortality for misclassification, ill-defined and under-reporting. This study only focused on
the effect of age, period and cohort on TB and HIV-related mortality. However, one can
assess the effect of adjusting other factors such as gender, race and socio-economic factors
and consider the HIVATB co-infected population. Future studies will include the top 10 leading
causes of death with a longer period and adjusting with other demographic factors. How
mortality trends vary at the provincial level could be looked at using the other APC approach,
for example, Bayesian approach, nonparametric bounds and the hierarchical. Age-Period-
Cohort (HAPC). This study used aggregated data for HIV and TB cause-specific mortality,
however individual data can be used to assess the effect of age, period and birth cohort on

mortality.

4.5 Conclusions

In conclusion, despite the limitations of official published mortality data, we still found a
notable age and period effect on TB cause-specific mortality according to APC analysis,
which were similar to the results of previous studies. However, in contrast with official report
of South Africa, we found a different trend for HIV cause-specific deaths rates from revised
mortality data. Age-Period-Cohort Model of HIVV and TB mortality offers a more robust
assessment of effect of age, period and birth cohort, which would not be possible using

traditional Poisson regression model on the death counts separately. This provides more and
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relevant useful information for effective monitoring and evaluation of public health policies

and programmes targeting mortality reduction across age and period in South Africa.
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APPENDIX |

Two-way table of number of deaths that wer modelled by age-period-cohort models

Time Period

Age 1997- 2000- 2006- 2009- 2012-
Groups 1999 2002 2003-2005 2008 2011 2014 2015

Mortality

due toTB 15-17 672 1,086 1,242 1,281 1,312 1,187 373
18-20 1,923 3,193 3,872 3,465 2,953 2,326 635
21-23 4,119 6,992 8,800 8,674 6,669 4,586 1,221
24-26 7,121 12,781 15,666 15,602 12,639 8,480 2,154
27-29 8,821 17,514 23,327 21,787 18,200 12,855 3,309
30-32 9,482 19,398 27,279 27,547 20,890 15,546 4,324
33-35 9,752 18,175 27,173 28,317 23,366 16,512 4,654
36-38 8,677 17,217 23,639 26,736 22,650 17,013 4,522
39-41 7,861 14,536 22,209 22,674 20,332 16,104 4,702
42-44 6,678 12,490 18,087 21,193 17,505 14,441 4,167
45-47 6,009 10,099 15,292 17,584 16,225 12,451 3,889
48-50 5,294 8,881 12,070 14,466 13,520 11,700 3,191
51-53 4,024 7,069 10,138 11,509 11,540 9,884 3,287
54-56 3,572 5,001 8,060 9,687 9,197 8,410 2,619
57-59 3,758 4,318 5,580 7,315 7,768 7,048 2,242
60-62 2,827 4,085 4,309 5,127 6,259 6,070 2,001
63-64 1,526 1,980 2,796 2,913 3,025 3,431 1,101

Mortality

dueto HIV ~ 15-17 547 951 1,115 1,118 1,064 845 216
18-20 1,427 2,679 3,296 2,954 2,341 1,598 404
21-23 2,917 5,625 7,276 7,213 5,128 2,925 720
24-26 4,966 10,224 12,861 12,734 9,447 5,244 1,178
27-29 6,229 14,090 19,075 17,848 13,576 7,882 1,715
30-32 6,674 15,592 22,335 22,512 15,513 9,310 2,256
33-35 7,067 14,686 22,345 23,183 17,345 10,002 2,449
36-38 6,451 14,118 19,517 22,057 16,897 10,297 2,406
39-41 6,034 12,036 18,537 18,852 15,527 10,061 2,562
42-44 5,326 10,573 15,251 17,726 13,323 9,035 2,330
45-47 4,935 8,724 13,096 14,937 12,677 8,068 2,283
48-50 4,525 7,823 10,560 12,463 10,696 7,828 1,850
51-53 3,545 6,315 9,029 10,124 9,330 6,901 2,052
54-56 3,231 4,577 7,286 8,590 7,597 5,994 1,696
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57-59 3,494 4,038 5,112 6,637 6,548 5,277 1,539
60-62 2,674 3,880 4,038 4,715 5,394 4,649 1,451
63-64 1,454 1,903 2,675 2,711 2,697 2,695 805
Populations
15-17 8505345 9140314 9625088 9565414 9088974 8547570 2769263
18-20 7,856,078 8,442,573 9,216,711 9,619,084 9,530,812 9,083,351 2,909,211
21-23 7,020,790 7,544,929 8,458,570 9,293,025 9,731,003 9,597,122 3,113,392
24-26 6,541,068 7,029,393 7,567,258 8,437,211 9,349,416 9,756,526 3,278,991
27-29 6,128,401 6,585,922 6,862,404 7,553,212 8,563,231 9,427,061 3,291,478
30-32 5,737,708 6,166,060 6,571,654 6,889,570 7,397,208 8,486,409 3,078,434
33-35 5,370,592 5,771,535 6,087,349 6,266,258 6,626,480 7,457,888 2,704,563
36-38 5,003,300 5,376,822 5525614 5714209 6,111,948 6,466,291 2,274,393
39-41 4,597,070 4,940,266 5,148,025 5,255,319 5,442,051 5,821,785 2,059,244
42-44 4,184,274 4,496,651 4,755,770 4,840,350 4,913,999 5,278,585 1,863,918
45-47 3,775,625 4,057,499 4,291,788 4,444,793 4,606,729 4,765,128 1,636,837
48-50 3,336,297 3,585,369 3,829,345 4,024,392 4,213,928 4,364,166 1,492,451
51-53 2,887,112 3,102,650 3,364,333 3,583,194 3,772,769 4,012,266 1,388,761
54-56 2,430,940 2,612,424 2,874,918 3,135,948 3,364,192 3,591,582 1,245,196
57-59 2,053,131 2,206,408 2,425,609 2,681,565 2,935,742 3,160,310 1,101,274
60-62 1,800,295 1,934,696 2,044,636 2,221,614 2,478536 2,729,426 962,685
63-64 1,062,573 1,141,897 1195863 1,276,425 1,409,515 1,568,052 559,117
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APPENDIX 11

Estimates of the fitted models using APC

AP AC PC APC

TB Cause-Specific

Mortality Coef. 95% ClI Coef. 95% ClI Coef. 95% Cl  |Coef. 95% CI

Age

_SpAl intercept|-7.30 -7.30 -7.29 |-7.32 -7.32 -7.31 - - - |-7.19 -7.20 -7.19

_SpA2|0.61 0.61 061 |0.48 0.47 048 - - - 10.54 054 0.54
_SpA3]0.61 0.61 061 |0.38 0.38 0.39 - - - 10.40 040 041
_spA4|-0.22 -0.22 -0.21 |-0.19 -0.20 -0.19 - - - [-0.20 -0.20 -0.19
_SspA5|-0.05 -0.06 -0.05 |-0.03 -0.03 -0.03 - - - [-0.02 -0.03 -0.02
_spA6|-0.02 -0.02 -0.01 |-0.01 -0.02 -0.01 - - - [-0.01 -0.01 -0.021

Period
_SpP1]-0.03 -0.04 -0.03 - - - 10.00 0.00 0.00 |0.00 0.00 0.00
_spP2|0.31 0.31 0.32 - - - 10.06 0.06 007 |-0.05 -0.05 -0.04
_spP3|-0.05 -0.05 -0.04 - - - 1047 047 047 10.29 0.29 0.29
_spP4]-0.08 -0.08 -0.08 - - - 10.07 0.06 007 |-0.08 -0.08 -0.08
_SpP5]-0.08 -0.09 -0.08 - - - 10.05 0.04 0.05 - - -

Cohort
_spC1 - - - -0.20 -0.20 -0.19 |0.30 0.30 0.31 (0.14 0.14 0.15
_spC2 - - - 0.33 033 034 (063 0.63 0.64 (0.27 0.26 0.27
_spC3 - - - 0.14 0.14 014 (023 0.13 0.14 (0.04 0.04 0.05
_spC4 - - - 0.08 0.07 008 (002 0.02 002 |-0.02 -0.02 -0.01
_spCs| - - - |-0.01 -0.01 -001]| - - - - - -

HIV Cause-Specific

Mortality

Age

_SpAl intercept|-8.96 -8.96 -895 |-847 -848 -8.46 - - - |-8.75 -8.76 -8.74

_SpA2|0.39 0.38 040 (|1.02 1.01 103 - - - 1042 041 0.43
_SpA3|0.80 0.79 081 (049 0.48 0.50 - - - 1049 0.48 0.49
_spA4|-0.19 0.20 -0.19 |-0.23 -0.24 -0.23 - - - [-0.23 -0.24 -0.23
_SspA5|-0.03 0.04 -0.03 |-0.03 -0.04 -0.03 - - - |-0.03 -0.04 -0.03
_spA6|-0.01 -0.02 0.00 |-0.01 -0.02 -0.01 - - - |-0.01 -0.02 0.00

Period
_spP1|0.31 031 032 - - - |0.05 0.04 005 |0.06 0.05 0.06
_spP2]-0.01 0.01 0.00 - - - 10.14 0.14 0.5 |-0.04 -0.04 -0.04
_spP3|-0.04 0.04 -0.04 - - - 1011 0.11 0122 |-0.02 -0.02 -0.01
_SpP4]-0.05 0.05 -0.04 - - - 10.10 0.09 0.10 |-0.04 -0.05 -0.04
_spP5|-0.02 0.03 -0.02 - - - 10.07 0.06 007 |-0.04 -0.04 -0.04

Cohort
_spC1 - - - 0.75 0.74 076 |0.15 0.14 0.15 |(0.03 0.03 0.04
_spC2 - - - 0.47 046 048 |0.85 0.84 0.86 (0.48 0.47 0.49
_spC3 - - - 0.06 0.06 0.07 (0.27 0.26 0.28 |0.07 0.06 0.08
_spC4 - - - 0.03 0.03 004 |0.04 0.03 0.04 |-0.03 -0.03 -0.02
_spCs| - - - |-0.02 -0.03 -0.02
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APPENDIX I

Age-period-cohort estimates for TB cause-specific mortality

Constrained Generalised Linear Model
Period 2003-2005 = 2006-2008 Cohort 1937-1938=2000
TB Cause-Specific
Mortality IR 952956 CI IR 95256 Cl1
Age
15-17 1.00 - - 1.00 - -
18 - 20 2.59 2.51 2.67 2.52 2.44 2.60
21 -23 5.51 5.33 5.69 5.21 5.05 5.37
24 - 26 9.61 9.27 9.96 8.85 8.56 9.14
27 - 29 13.60 13.07 14.14 12.17 11.74 12.62
30- 32 16.33 15.63 17.05 14.22 13.66 14.81
33-35 17.97 17.12 18.85 15.22 14.55 15.93
36 - 38 18.81 17.84 19.84 15.51 14.74 16.31
39-41 19.49 18.39 20.66 15.62 14.77 16.53
42 - 44 19.90 18.67 21.20 15.52 14.58 16.51
45 - 47 20.61 19.23 22.08| 15.63 14.60 16.73
48 - 50 21.22 19.69 22.87 15.66 14.54 16.86
51-53 22.10 20.39 23.95 15.86 14.64 17.19
54 - 56 22.77 20.89 24.82 15.90 14.58 17.34
57 - 59 23.66 21.58 25.94 16.07 14.65 17.63
60 - 62 23.45 21.26 25.88 15.50 14.04 17.10
63 -64 28.36 25.53 31.50 18.23 16.41 20.25
Period
1997 - 1999 1.00 - - 1.00 - -
2000 - 2002 1.75 1.73 1.77 1.79 1.77 1.82
2003 - 2005 2.26 2.22 2.30 2.39 2.35 2.43
2006 - 2008 2.26 2.22 2.30 2.46 2.40 2.51
2009 - 2011 1.68 1.64 1.73 1.88 1.83 1.93
2012 - 2014 1.03 1.00 1.07 1.18 1.14 1.23
2015 1.14 1.10 1.19 1.35 1.30 1.41
Cohort
1934 - 1936 1.00 - - 1.00 - -
1937 - 1939 0.79 0.74 0.84 0.77 0.72 0.82
1940 - 1942 0.78 0.73 0.82 0.73 0.69 0.78
1943 - 1945 0.63 0.59 0.66 0.58 0.54 0.61
1946 - 1948 0.59 0.56 0.63 0.53 0.50 0.56
1949 - 1951 0.73 0.68 0.77 0.63 0.59 0.67
1952 - 1954 0.80 0.74 0.85 0.67 0.63 0.72
1955 - 1957 0.83 0.77 0.89 0.68 0.64 0.74
1958 - 1960 0.92 0.86 1.00 0.74 0.69 0.80
1961 - 1963 0.99 0.92 1.07 0.77 0.71 0.84
1964 - 1966 1.11 1.02 1.21 0.84 0.77 0.92
1967 - 1969 1.11 1.02 1.21 0.82 0.75 0.90
1970 - 1972 1.21 1.10 1.33 0.87 0.79 0.96
1973 - 1975 1.23 1.11 1.36 0.86 0.77 0.95
1976 - 1978 1.20 1.08 1.33 0.81 0.73 0.91
1979 - 1981 1.05 0.94 1.17 0.70 0.62 0.78
1982 - 1984 0.94 0.84 1.06 0.61 0.54 0.68
1985 - 1987 0.85 0.75 0.95 0.53 0.47 0.60
1988 - 1990 0.75 0.66 0.85 0.45 0.40 0.52
1991 - 1993 0.75 0.65 0.85 0.44 0.38 0.51
1994 -1996 0.89 0.77 1.02 0.51 0.44 0.59
1997 - 1999 1.18 1.02 1.38 0.66 0.57 0.78
2000 1.41 1.16 1.73 0.77 0.72 0.82

Constrained by period and birth cohort
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Age-period-cohort estimates for HIV cause-specific mortality

Constrained Generalised Linear Model
Period: 2003-2005 = 2006-2008 Cohort: 1937-1938 = 2000
HIV Cause-Specific
Mortality IR 95%0 CI IR 9596 CI
Age
15-17 1.00 - - 1.00 - -
18 - 20 3.04 2.84 3.26 2.71 2.54 2.90
21-23 7.59 7.06 8.16 6.04; 5.66 6.43
24 - 26 14.15 13.08 15.30 10.03 9.41 10.69
27 - 29 19.85 18.19 21.66 12.55 11.74 13.41
30- 32 24.20 21.97 26.67 13.64, 12.71 14.64
33-35 26.15 23.47 29.13 13.14; 12.18 14.17
36- 38 26.80 23.78 30.20 12.00 11.06 13.03
39-41 26.46 23.19 30.18 10.57 9.66 11.55
42 - 44 26.62 23.05 30.75 9.48 8.60 10.45
45 - 47 26.02 22.24 30.45 8.26 7.44 9.18
48 - 50 25.89 21.84 30.70 7.33 6.54 8.21
51-53 25.78 21.46 30.99 6.51 5.76 7.36
54 - 56 26.27 21.56 32.00 5.91 5.18 6.74
57 -59 26.38 21.36 32.59 5.29 4.60 6.10
60 - 62 27.46 21.91 34.42 4.91 4.24 5.70
63 -64 31.71 24.89 40.41 5.06 4.31 5.94
Period
1997 - 1999 1.00| - - 1.00 - -
2000 - 2002 1.12 1.09 1.14, 1.25 1.23 1.28
2003 - 2005 1.33 1.28 1.38| 1.67 1.63 1.72
2006 - 2008 1.33 1.28 1.38| 1.88| 1.81 1.94
2009 - 2011 1.52 1.43 1.61 2.40 2.30 2.51
2012 - 2014 1.71 1.59 1.84, 3.04 2.88 3.20
2015 2.54 2.33 2.77 5.05 4.75 5.38
Cohort
1934 - 1936 1.00| - 1.00 -
1937 - 1939 0.94 0.72 1.23 0.84; 0.64 1.10
1940 - 1942 1.25 0.97 1.61 0.99 0.78 1.28|
1943 - 1945 1.43 1.11 1.82 1.01 0.79 1.29
1946 - 1948 1.71 1.34 2.19 1.08 0.85 1.38
1949 - 1951 2.55 1.99 3.27 1.44, 1.13 1.83
1952 - 1954 3.23 2.51 4.16 1.62 1.27 2.07
1955 - 1957 3.69 2.85 4.78 1.66 1.29 2.12
1958 - 1960 4.60 3.53 5.98 1.84, 1.43 2.36
1961 - 1963 5.28 4.03 6.92 1.88 1.46 2.42
1964 - 1966 6.18 4.68 8.15 1.96 1.52 2.54
1967 - 1969 6.46 4.86 8.59 1.83 1.41 2.37
1970 - 1972 7.00 5.22 9.39 1.77 1.36 2.30
1973 - 1975 7.23 5.35 9.77 1.63 1.24 2.13
1976 - 1978 7.14 5.24 9.74, 1.43 1.09 1.89
1979 - 1981 6.19 4.50 8.53 1.11 0.84 1.47
1982 - 1984 5.58 4.02 7.76 0.89 0.67 1.19
1985 - 1987 4.91 3.49 6.89 0.70 0.52 0.93
1988 - 1990 4.28 3.02 6.07 0.54 0.40 0.73
1991 - 1993 4.09 2.85 5.88 0.46 0.34 0.63
1994 -1996 4.56 3.13 6.63 0.46 0.34 0.63
1997 - 1999 6.04 4.07 8.94 0.54 0.39 0.75
2000 10.45 6.81 16.04, 0.84 0.64 1.10

Constrained by period and birth cohort
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APPENDIX IV

Project code

[I**intrinsic Estimator

I**TB cause-specific

apc_ie deaths if cause==1, age( age) period(period) cohort( Coh ) family(poisson) link(log)

exposure( population) eform
/I**HIV cause-specific

apc_ie deaths if cause==2, age( age) period(period) cohort( Coh ) family(poisson) link(log)

exposure( population) eform

/IConstrained GLIM

/[**TB cause-specific//

apc_cglim deaths if cause==1,age(age) period(
periodpfx("_P")
constraint("p2003=p2006")eform

drop A* P* C*

apc_cglim deaths if cause==1,age(age) period(
periodpfx("_P")
constraint("a63=al5")eform
drop A* P* C*

apc_cglim deaths if cause==1,age(age) period(

cohortpfx("_C")family(poisson)

cohortpfx("_C™family(poisson)

periodpfx("_P")
constraint("'c2000=c1934")eform
drop _A* P* C*

cohortpfx("_C"family(poisson)

II**HIV cause-specific//

apc_cglim deaths if cause==2,age(age) period(
periodpfx("_P") cohortpfx("_C")family(poisson)
constraint("p2003=p2006")eform

drop _A* P* C*

apc_cglim deaths if cause==2,age(age) period(
periodpfx(*_P")
constraint("a63=al5")eform
drop _A* _P* _C*

apc_cglim deaths if cause==2,age(age) period(

cohortpfx("_C")family(poisson)

periodpfx("_P")
constraint("'c2000=c1934")eform

cohortpfx("_C™")family(poisson)

period ) cohort( Coh

link(log) exposure(

period ) cohort( Coh

link(log)  exposure(

period ) cohort( Coh

link(log) exposure(

period ) cohort( Coh

link(log) exposure(

period ) cohort( Coh

link(log) exposure(

period ) cohort( Coh

link(log) exposure(

Jagepfx("_A")
population )

)agepfx("_A")

population )

)agepfx("_A")

population )

)agepfx("_A")

population )

)agepfx("_A")

population )

)agepfx("_A")

population )
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