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Abstract  

 

Background: Young adult mortality is very significant in South Africa due to the 

influence of HIV/AIDS, Tuberculosis (TB), Injuries and Non-Communicable 

Diseases (NCDs). Previous analyses have mainly focused on assessing time effect of 

age and period separately. However, health outcomes often depend on three-time 

scales of age, period and cohort, which are linearly interlinked. Using Age-Period-

Cohort (APC) models, this study estimated the time effects of age, period and cohort 

on HIV and TB mortality among young adults in South Africa. 

Methods: HIV and TB mortality data and mid population estimates were obtained 

from Statistics South Africa for the period 1997 to 2015. Mortality data are based on 

deaths reported to the Department of Home Affairs where the underlying cause of 

death was HIV or TB based on the 10th revision of the International Statistical 

Classification of Diseases and Related Health Problems (ICD-10) definition. 

Observed HIV/AIDS deaths were adjusted for under-reporting, misclassification and 

systematic proportion from ill-defined natural deaths. Three-year age, period, and 

birth cohort intervals for 15-64 years, 1997-2015 and 1934-2000 respectively were 

used. The Age-Period-Cohort (APC) analysis using the Poisson distribution was used 

to compute the effects of age, period and cohort on mortality due to TB and HIV. 

Results: A total of 5, 825,502 adult deaths were recorded from the period 1997 to 

2015 of which, 910,731 (15.6%) and 252,101 (4.3%) were attributed to TB and HIV, 

respectively. For both observed mortality rate and estimated relative effects, concave 

down associations were found between TB, HIV mortality rates and period, age with 
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peaks, at 36-38 and 30-32 years, respectively. A downward trend and inverted V-shape 

between TB and HIV mortality by birth cohort was found, respectively. 

Conclusions: The study 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. Our 

findings have shed more light on HIV and TB mortality rates across different age 

groups, effect of changes in the overall TB and HIV management and care on the 

mortality rates and whether or not the mortality rates depended on the year an 

individual was born. 

 

Keywords: TB mortality, HIV mortality, APC analysis 
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1. Background 
 

In South Africa, HIV/AIDS and TB are the leading infectious cause of death since 1997 and 

this remains unchanged 1–3. The rates of mortality due to both HIV/AIDS and TB combined 

rapidly increased from 1997, reached a peak during the period 2006, and then started declining 

over time1. This is observed in the age-specific, gender-specific, and cause-specific analysis, 

as exemplified by the annual mortality report given by the Statistics South Africa1, South 

African Medical Research Council (SAMRC)4 and the World Health Organization (WHO)5. 

 

Mortality measures, such as age-specific, gender-specific death rates, longevity after birth, 

and the main causes of death, are critical for public health planning, program implementation, 

progress examination, making decisions, and asset allocation at both national and sub-

national level 1,4,6,7. Information about young adult mortality serves an important purpose in 

South Africa in providing dependable population estimates and forecasts that aid effective 

planning in any sector, especially with the impact of emerging infectious diseases 2,4,7. To 

yield mortality rates, population estimates are required. However, vital registration quality 

issues including the proportion of ill-defined causes that are high, misclassified HIV/AIDS 

deaths and poor allocation of underlying cause of death have been identified as limiting 

factors in South Africa2,4,8–11. 

 

Over the decades, indirect statistical techniques such as Brass Growth Balance, Generalised 

Growth Balance, Bennett–Horiuchi, or Preston–Coale methods have been used to estimate 

the completeness of death registrations12–14. These techniques are adequately utilized by 

national statistical offices as they involve the use of census data and better knowledge of the 

distinct techniques. However, Adair and Lopez9 developed a practical approach to determine 

death registration completeness. The approach utilizes information often accessible at the 

sub-national and national levels. This approach of estimation has advantages over other 

statistical methods. These advantages include better accuracy, improved timeliness, 

application to subnational areas, improving mortality information at the country level by 
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demographic characteristics, and greater simplicity of use10. Taking these advantages into 

account to adjust for under-reporting and misclassification of HIV/AIDS deaths, our study 

adopted the indirect descriptive statistics, an approach previously utilized by Groenewald 10 

and Fazito15. 

 

Studies of long-term mortality patterns by demographic characteristics have proved helpful 

in understanding mortality rates. Further statistical analysis could provide better insights into 

the effects of demographic characteristics on mortality over time. In South Africa, STATSSA 

1, Dorrington et al.16, Groenewald et al8 have conducted and published studies which provide 

insight into mortality according to age, gender, race, as well as by other specific causes. 

including studies by. 

 

Descriptive methods such as estimating the mortality rates by demographic characteristics 

and analytical methods including survival models, logistic regression, and Poisson regression 

for count mortality data have also been advocated. These models provide a formal method to 

independently evaluate a possible association between mortality rate and independent factors 

affecting mortality of an exposed population. The disadvantage of these techniques is that 

they cannot simultaneously distinguish relationships between confounders and mortality 

rates. The age-period-cohort analysis (APC analysis) can be used to assess the effects of age, 

period, and birth cohorts simultaneously on the variation of TB and HIV-related mortality 

rates. The application of APC analysis may be useful in jointly describing the environmental 

and historical factors which affect individuals differently over time 17,18. Therefore, age, 

period to an event and birth cohort should be taken into consideration to provide robust 

interpretations of death rates over the hierarchy of respective subgroups. Currently, despite 

the fact that age-period-cohort (APC) analysis is more effective in analyzing trends as 

compared to conventional cross-sectional analysis 19-20, there are no known studies in South 

Africa that have examined trends of TB and HIV mortality using this method. To understand 

HIV and TB-related mortality in SA over the past decade to inform our understanding 

of TB mortality and the development of strategies needed to end the 
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TB epidemic by 2035. Therefore, this study used APC analysis to simultaneously estimate 

age, period and birth cohort effects on TB- related and HIV-related mortality. 

2. Methods 

Data sources and variables 
 

TB and HIV-related specific mortality and Mid-year population estimates used in this study 

were obtained from Statistics South Africa. Department of Home Affairs (DHA) register 

deaths using the death notification forms while Statistics South Africa processes the data and 

compiles mortality reports annually 1. Young adult (15-64 years) HIV and TB mortality data 

was analyzed for the period from 1997 to 2015. The codes used for TB and HIV-related 

deaths were A15-A19, U51-U52, and B20-B24 of the International Classification of Diseases 

(ICD-10) 21. Mid-population estimates at the country level as well as at the provincial level 

from 2002 till recently have been compiled by the Statistics South Africa. However, total 

populations for 1997 to 2001 are unavailable, we therefore used an exponential growth rate 

from census 1996 to estimate the mid-population; 𝑃𝑃𝑡𝑡+𝑛𝑛 = 𝑃𝑃𝑡𝑡𝑒𝑒𝑛𝑛𝑛𝑛 , where 𝑃𝑃𝑡𝑡 is the total 

population at time t, n is the length of time, and r is the rate of population growth. Preliminary 

analyses involved calculating age-specific and cause-specific mortality rates. 

Statistical models and data analysis 
 

Age-Period-Cohort analysis was adopted to investigate age effects adjusting for period and 

birth cohorts; period effects adjusting for age and birth cohorts; and birth cohort effects 

adjusting for age and period on TB and HIV-related mortality. Suppose i(1,…, I) represents 

the age groups, where age group 1 incorporates 15-17 years old, age group 2 incorporates 18-

20 years old, and so forth; j(1,.., J) represents 3 year period, with period 1 being 1997-1999, 

period 2 being 2000-2002, following the same pattern; and k(1,…, K) represents birth cohort. 

These comprise 17 age groups, 7 period and K=23 birth cohort taking into consideration that 

age and period are divided into equal space intervals. To model deaths due to TB and HIV 

(let z=1 and z=2 be deaths due to TB and HIV respectively). Mortality rate for age (i), period 

(j), and cohort (k) are given by 𝑹𝑹𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 =
𝑶𝑶𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝑵𝑵𝒊𝒊𝒊𝒊𝒊𝒊� . 
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Where 𝑂𝑂𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 denotes the observed deaths due to disease z, for age group i at a given 

period j and born in birth cohort k and 𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖 represent the total population at risk. 

Supposing that age, period and birth cohort has an additive effect on the log rate, the 

natural log can be modeled as 

  𝑰𝑰𝑰𝑰 �𝑹𝑹𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 � = 𝜶𝜶𝒊𝒊𝒊𝒊 + 𝜷𝜷𝒊𝒊𝒊𝒊 + 𝜸𝜸𝒊𝒊𝒊𝒊 + 𝜺𝜺𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 ……………………………………………….(1) 

 
Where age effect is represented by 𝛼𝛼𝑖𝑖𝑖𝑖, period effect is represented by 𝛽𝛽𝑗𝑗𝑖𝑖, cohort 

effect is represented by 𝛾𝛾𝑘𝑘𝑖𝑖 and 𝜀𝜀𝑖𝑖𝑗𝑗𝑘𝑘𝑖𝑖 is the error term. This can be viewed as a 

Generalized Linear Model (GLM) with a log-link, and the model can be written as  

𝐼𝐼𝑰𝑰 �𝝀𝝀𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 � = 𝒍𝒍𝒍𝒍𝒍𝒍(𝑵𝑵𝒊𝒊𝒊𝒊𝒊𝒊) + 𝜶𝜶𝒊𝒊𝒊𝒊 + 𝜷𝜷𝒊𝒊𝒊𝒊 + 𝜸𝜸𝒊𝒊𝒊𝒊 + 𝜺𝜺𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 …………………….……….. 

(2) 

Where 𝜆𝜆𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 denotes the expected number of deaths due to z for age (i) and period (j) 

and born in the cohort (k), that is assumed to follow a Poisson distribution. The APC 

model has a problem of being non-identifiable which arises because of the linear 

relationship between age, period, and birth cohort (Birth Cohort = Period - Age), 

Therefore, to solve the identification problem, our study adopted the intrinsic 

estimator (IE), which solves the problem of model identification and also provides 

unbiased and relatively efficient estimation results22,23. Adjusted data were used to 

estimate the effects of age, period and birth cohort on TB-related and HIV-related 

mortality. 

3. Results 

Descriptive analysis 

The trends of age-specific (observed) TB and HIV-related mortality rates in South Africa from 

1997 to 2015 are shown in Figure 1. A concave down association between TB mortality and 
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period, with a peak during 2006 was observed while an upward trend was observed for HIV-

related mortality. Figure 2 and Figure 3 show the observed and revised age-specific HIV-

related death rates plotted for ages 15-64 years and by three age groups respectively, where an 

inverted U-shape was found. 

 
Figure 1: Observed TB-related and HIV-related mortality rates of the three age-groups 

 

 
Figure 2: Observed and revised HIV-related mortality rates: 15-64 years 
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Figure 3: Observed and revised HIV-related mortality rates of the three age-groups 

 

Estimated Age, period, and birth cohort effects 

Table 1 and Table 2 show the estimated mortality relative risk for TB-related mortality and 

HIV-related mortality, as depicted in Figure 4 and Figure 5 respectively. Mortality relative 

risk and 95% confidence intervals are reported. Age, period, and cohort were statistically 

significantly associated with both TB and HIV-related mortality. Controlling for period and 

birth cohort effects, risks of TB-related mortality increased with individuals aging mutually, 

but it slows down after reaching the age between 33-35 years. The RRs of TB-related 

mortality also increased gradually by a period of observation, reached a peak by the year 

2006-2008, and thereafter declined until 2015, holding age and birth cohort effects constant. 

An aggregated effect of exposure for different birth cohorts was estimated, a higher incidence 

of TB-related mortality was associated with an earlier cohort compared to later birth cohorts. 

The risk of HIV-related mortality increased with age peaking at 30-32 age group, controlling 

for period and birth cohort effects. Holding age and birth cohort effects fixed, a concave down 

association between period and HIV-related mortality was found. Birth cohort born before 

and after 1958-1960 and 1970-1972 were associated with lower HIV-related mortality 

compared to cohorts born between 1958 and1972.  

 

Table 1: Age-period-cohort estimates for TB cause-specific mortality  
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Mortality relative risk (exp(b)) and 95% confidence intervals are reported. Notes: ref group 

of each age, period, and birth cohort effect is the mean influence of all ages, periods, and 

birth cohorts combined. 

 

 

Table 2: Age-period-cohort estimates for HIV cause-specific mortality 

RR RR

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

TB Cause-Specific 

Mortality 95% CI

Constrained by Age group: 18-20 = 63-64

95% CI

IE

CGLIM
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Mortality relative risk (exp(b)) and 95% confidence intervals are reported. Notes: ref group 

of each age, period, and birth cohort effect is the mean influence of all ages, periods, and 

birth cohorts combined. 

 

RR RR

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 2.91 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

HIV Cause-Specific 

Mortality 

Constrained by Age group: 27-29 = 63-64

95% CI 95% CI

IE
CGLIM
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Figure 4: Age, period and cohort effects of TB mortality. Notes: dotted lines present 95% confidence 

intervals. 

 

 
Figure 5: Age, period and cohort effects of HIV mortality. Notes: dotted lines present 95% 

confidence intervals. 
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Discussion  
 

This study was set out to simultaneously estimate the effects of age, period and birth cohort 

on mortality rates due to either TB or HIV among individuals between 15 and 64 years of age 

in South Africa. The Age-Period-Cohort (APC) framework analyzed through a Poisson 

regression model on the death counts with population exposed as offset was utilized. This 

model allowed us to assess the association between the mortality of either TB or HIV and 

attained age, calendar period, and birth cohort (year of birth). Official mortality data and mid 

population between 1997 and 2015, with three-year age and period intervals were used. The 

number of HIV/AIDS deaths were adjusted for misclassification and under-reporting. 

 

We found 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 of mortality data period between 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 mortality and it was more pronounced at 

30-32 years. The estimated relative risks showed an inverse U-shaped relationship between 

HIV mortality and the effect of the period from 1997 to 2015. An inverted V-shape 

relationship between birth cohort and HIV-related mortality was observed. 

 

Estimated relative risk of TB and HIV mortality rates using the APC analysis found similar 

results as official statistics, global TB and HIV report, and other similar research findings in 

South Africa have shown about age effects 1,2,6,24,25. However, our estimated RRs for HIV-

related mortality differed from the official statistics of South Africa in terms of period effects. 

Our study showed that the age group 33-35 was more at risk of TB mortality than all other age 

groups, which correspond to Kootbodien et.al 25 findings. We found a decline in TB death 

rates in South Africa from 2007 to 2015, which is in line with the 68.8% to 77.2% global 

reduction in TB mortality from 2007 to 2014 respectively. A similar trend for TB deaths 
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overtime was reported by the official statistics of South Africa 1which was also confirmed by 

other researchers  2,6,26. Meanwhile, there are possible explanations for the decreasing TB death 

rates over time among young adults in South Africa. Such a 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 represents 

improvements in the initiatives taken to mitigate the burden of TB mortality 5,27,28.  The 

incidence of TB mortality was higher in the earlier cohorts compared to later cohorts. Such 

could be a result of the improvement in the living standards and health circumstances of young 

adult cohorts and their subjection at early ages under these favorable incidences 29. This may 

also be associated with better health equipment and medical administration during the 21st 

century. This study showed that later birth cohorts had a lesser risk of TB mortality compared 

to earlier birth cohorts. Therefore, we recommend that vaccination, screening, and treatment 

coverage be increased among earlier birth cohorts.   

 

This study has shown a higher risk of HIV mortality among the age groups 30-32, 33-35, and 

36-38 years compared to all other age groups. A study by Haal et al 30 supports these current 

findings. They also found the age group 19-39 to be more at risk of HIV-related mortality in 

South Africa. Pillay-van Wyk et.al 2 and Haal et.al. 30 reported an inverse U-shaped 

relationship between HIV/AIDS deaths and period. Factors such as  the introduction of the 

antiretroviral (ARV) treatment programme at the public health sectors29 and an improvement 

in the completeness of vital registration with less misclassification over time1 may have 

accounted for a decrease in HIV/AIDS mortality. This study indicated a higher HIV mortality 

risk for birth cohort 1946-1949 to 1982-1984 with even greater risk for birth cohort 1964-

1966. Our findings agree with the world mortality report by the UN, where it is indicated that 

mortality risks due to HIV/AIDS compared to all causes of mortality rates were higher among 

1950 to 1955 birth cohort. Butler et.al. 31 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 a greater risk of HIV-related mortality among older 

birth cohort 31.  
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The findings and subsequent discussions are subject to the limitations of our study. Officially 

published mortality data based on the underlying cause of death were used. Furthermore, 

mortality data are under-reported, misclassified, and incomplete4, which could have affected 

and confounded the observed rates and their interpretation. Given these limitations, mortality 

estimates should be interpreted with caution.  

 

The study found an inverse U-shaped association between TB-related mortality and 

age, period, and a general downward trend with birth cohort for deaths reported 

between 1997 and 2015. A concave downward 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 slightly advanced APC statistical model . Using APC analysis, we 

found secular trends in TB and HIV-related mortality rates which could contribute to 

certain guides in long-term planning, monitoring, and evaluation in health 

establishments. 

 

Conclusions 

Even though both HIV and TB mortality rates have been falling in South Africa 

globally, they remain among the top five leading causes of natural deaths among the 

country’s young adults. South Africans. Our findings based on Age-Period-Cohort 

analyses have simultaneously identified the mortality rates across different age 

groups, effect of period as it relates to changes in the overall TB and HIV health 

systems, management and care and cohort effects to capture effect of prevailing 

economic and health contextual determinants at the year of birth on risk of HIV and 

TB mortality. As these two diseases have a high co-morbidity both at individual and 
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ecological levels, our findings here would help the South African National 

Department of Health  with valuable evidence on which to monitor and measure 

progress in reducing tuberculosis (TB) mortality rates in line with the World Health 

Organization’s End TB Strategy and the Sustainable Development Goal (SDG).  
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Appendix I 

Methods for adjustments of HIV/AIDS mortality 

For this study, 'misclassified' deaths are defined as deaths that were due to AIDS but not reported as 

such in the death certificates, while 'Under-reported' deaths refers to deaths which were not declared 

or registered in the civil registries. According to the ICD-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 [26]. To adjust for misclassification, the potential 28 causes of death were investigated 

using age-specific rates trends plotted over time. AIDS-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 [27] indicated that 96% of completeness of death 

registration was achieved for the 2015 period. This is significant given that we utilized the 2015 death 

rate to calculate expected mortality (expected mortality was subtracted from observed mortality) and 

excess mortality from the causes which were identified as AIDS-indicators. Death records with no 

information on age were redistributed proportionally to all other age groups for the same year of 
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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, the 

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 expected mortality due to ill-defined causes were scaled-

up by the proportion of incompleteness.  

 



Figures

Figure 1

Observed TB-related and HIV-related mortality rates of the three age-groups

Figure 2

Observed and revised HIV-related mortality rates: 15-64 years



Figure 3

Observed and revised HIV-related mortality rates of the three age-groups



Figure 4

Age, period and cohort effects of TB mortality. Notes: dotted lines present 95% con�dence intervals.

Figure 5

Age, period and cohort effects of HIV mortality. Notes: dotted lines present 95% con�dence intervals.
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