
Oman Medical Specialty Board

Abstract

Objective: To examine the association between socio-economic 
status and adult mortality in a rural South African community.
Methods: Longitudinal data of adults aged 15-64 yrs residing 
within the Demographic Surveillance Area [DSA] on 1st January 
2001 and followed up for seven years, was used. Out of the total 
33,677 adults who met the inclusion criteria, 4,058 died during the 
seven years follow up period. Mortality rates were computed using 
Kaplan-Meier survival estimates expressed per 1000 person-year 
of observation (PYO). Household wealth index was constructed 
by the use of PCA, while the association was assessed using Cox 
proportional Hazard model controlling for potential confounders 
such as age, sex and marital status.
Results: The high group of the socioeconomic quintile had the 
highest mortality rate of 22.2 per 1000 PYO, 95% confidence 
interval (20.7 - 23.7). After adjusting for the potential confounders, 
the effect of socioeconomic status in the highest SES category was 
0.10 times less likelihood of death compared to the lowest SES 
group (Hazard Ratio=0.90; p=0.042; 95% confidence interval 
[0.81 - 0.99]).
Conclusion: This study revealed that adult socioeconomic status is 
not significantly associated with adult mortality. Reducing the gap 
between the rich and the poor, though a worthwhile effort; might 
not be the most effective means of reducing adult mortality.

Keywords: Adult mortality; Longitudinal data; Demographic 
surveillance site; Africa; Cox.

Introduction

Adult mortality has long been neglected as a public health issue 
in many countries around the globe, particularly in sub-Saharan 
Africa, where the countries have been battling other developmental 
issues. With increasing levels of adult mortality in the region, 
interest in understanding the context of adult mortality is growing.1-3 
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While the ability of the health systems on the African continent to 
provide immediate and quality healthcare to people is noted; the 
socioeconomic status of the population could play a better role in 
averting the deaths, which in many ways are avoidable.

Socioeconomic status has been a very major factor in the fight 
against morbidity and mortality. This is because it determines the 
amount of resources (such as food, good sanitation, and healthcare) 
that may be available to the individual, which in turn suggests the 
kind of physical and environmental elements one will be exposed 
to and their ability to save their life from dying from infections 
and diseases. Literature suggests that individuals with higher 
socioeconomic status often tend to have higher survival than those 
with lower socioeconomic status.4-6

While many studies have reported on the association between 
SES and different kinds of diseases elsewhere,7 studies on the 
methods and processes of measuring SES, especially using asset 
components have been quite well documented.8,9 Jakovljevic 
(2001) has indicated serious problems in the measurement of 
socioeconomic status (SES) as most studies are cross-sectional.10 
With the emerging demographic surveillance sites (DSS) collecting 
very reliable data on the continent, an accurate measure of the 
association between SES and adult mortality is possible.11,12

This study was based on the theoretical model proposed by 
Roger et al. (2005) which holds that the causal pathway to adult 
mortality flows from distal factors such as geographical factors, 
human and environmental hazards and socioeconomic influences.6 
These factors in turn flow through proximate determinants like 
living conditions, behavior, injury prone, nutrition, which in turn 
cause morbidity and mortality.

Methods

Data for this study was extracted from the Africa Centre 
Demographic Information System (ACDIS) relational database 
which contained information on individual and household 
memberships, births, deaths, residence status, and household assets 
linked in a relational form. The ACDIS is situated in the northern 
part of the Hlabisa (UmKhanyakude) district in the Kwazulu-
Natal Province of South Africa. The Demographic Surveillance 
Area (DSA) covers an approximate area of 430 square kilometres 
and has a population of about 90,000 with a total of some 11,000 
households housed in over 12,000 bounded structures.
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The study participants were all adults aged between 15 and 64 
years, living within the Africa Centre Demographic Surveillance 
Area (ACDSA) between the years 2001 and 2007.13 This is a 
prospective closed cohort study using longitudinal data collected 
over seven years. Only persons aged between 15 and 64 years and 
residing within the ACDSA on January 2001 were included in the 
study. A total of 33,677 adults met the criteria and were included 
in the study.

Sample number for data analysis was then followed up over 
the seven year period to detect the outcome of death. A total of 
approximately 6924 exited out of the initial cohort of 33,677 at 
different time points of the follow-up period. Those who exited and 
followed-up for 3.14 years differed significantly in terms of their age 
and sex characteristics from those who remained. However, since 
the study was a closed cohort, the participants who exited were not 
traced and re-entered into the cohort after they had exited. In total, 
10,077 deaths were recorded within the DSA between 1st January 
2001 and 31st December 2007. Out of this number, 4,359 were 
deaths of adults aged 15-64 years, but the deaths of 301 adults did 
not have matching SES information after cleaning and merging, and 
hence were removed from the analysis. Thus, our analysis is based 
on 4,058 adult deaths with complete SES information.

In terms of variables definition and extraction; socioeconomic 
status proxied by wealth index was constructed using the principal 
component analysis (PCA). The PCA creates indices that are not 
correlated, where each index is a linear weighted combination of 
the initial variables.8,9 The PCA was based on a formula where 
each component is a linear weighted combination of all the initial 
variables. After the indexes have been created, each individual was 
assigned to his/her proper household wealth index using household 
identification numbers. The first principal component was then 
used to divide individuals into quintiles of lowest, low, middle, high 
and highest, which became the proxy measure of the socioeconomic 
status.

Adult (aged 15-64 years) mortality rate was measured by 
dividing the total number of deaths in a wealth quintile by the 
calculated person years observed between 2001 to 2007 for all 
deaths occurring within the age group of 15-64 years in that 
particular quintile, expressed in 1000 person years of observation 
(PYO). Confounding variables were age, sex, education, marital 
status and employment. Age was categorized into 10 year groups 
(15-24, 25-34 to 55-64) during the descriptive analysis but was 
included as a continuous variable during the modelling part of the 
analysis. Education was categorized into four groups: no education 
(none), primary education, secondary and tertiary level. Marital 
status also had 5 categories: married, single, separated/divorced and 
widowed.

Data analysis was done using Kaplan-Meier estimates (K-
M) for computing the adult mortality rates. The quintile specific 
rates between two age groups (below 40 years and above 40 years) 
were also investigated to determine the impact of HIV/AIDs on 
mortality between the two age groups. Whereas, univariate and 
multivariate analyses were done using the Cox Proportional Hazard 
model, three models were fitted. The univariate hazard model was 

used to assess variables independently to predict adult mortality. The 
multivariate hazard model was used to adjust for all the variables. 
The third level of analysis was a stratified multivariate model by 
two main age groups: <40 years and >40 years, to determine the 
variability in the death hazards due to SES among the different age 
groups.

Results

The socio-demographic characteristics of the study population 
through simple descriptive analysis showed that over two-thirds 
were younger adults (<35 yrs; 65%), and the rest belonged in 
the older category (35 yrs and above). Almost half of the study 
participants had completed secondary education at the time of the 
study (46%), and 12% had no education. While more than half of 
the deaths were due to HIV and TB (60%), with the rest due to all 
other causes. (Table 1)

Table 1: Univariate Cox Model for adult mortality in ACDSA 
2001 - 2007.
Variable Unadjusted HR 95%CI p-value

2001-2007
Sex
Male
Female

1
0.80

 
1

(0.75, 0.85)
1

<0.001
Age 1.03 (1.028, 1.032) <0.001
SES
Lowest
Low
Middle
High
Highest

1
0.96
0.88
1.01
0.90

1 
(0.87, 1.07)
(0.79, 0.97)
(0.91, 1.11)
(0.81, 0.99)

1
0.492
0.016
0.800
0.042

Marital Status
Married
Separated
Divorced
Single
Widowed

1
1.20
1.58
1.01
1.56

 
1

(0.98, 1.45)
(0.91, 2.73)
(0.93, 1.09)
(1.36, 1.78)

1
0.072
0.102
0.801

<0.001
Education
None
Primary
Secondary
Tertiary

1
0.73
0.53
0.41

 
1

(0.67, 0.80)
(0.48. 0.58)
(0.32, 0.52)

1
<0.001
<0.001
<0.001

Employment
Employed
Unemployed

1
0.82

1 
(0.76, 0.87)

1
<0.001

For adult mortality rate; the overall all-cause mortality rate 
recorded from 2001 to 2007 briefly increased from 19 per 1000 
PYO in 2001 to 19.5 per 1000 PYO in 2002; and from there, it 
increased to 22.5 per 1000 PYO in 2003. Since then, the rate has 
remained fairly stable fluctuating between 21 and 22 per 1000 
PYO. The overall mortality rate was 20.85 per 1000 PYO, 95% CI 
(20.2 - 21.5) (Fig 1). The high group of the socioeconomic quintile 
had the highest mortality rate of 22.2 per 1000 PYO, 95% CI (20.7 
- 23.7). The rate in each SES quintile varied by sex and age group 
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regardless of the SES quintal, showing males with significantly 
higher mortality rate than females in all the SES quintiles. (Table 
2 &Fig. 2)

Table 2: Overall adult mortality rate by SES category in ACDSA.

SES Quintile Adult person 
years Observed

Deaths AMR / 1000 PYO
95% CI

Lowest 32965.5 723 21.93 (20.39, 23.59)

Low 34042.5 720 21.15 (19.66, 22.75)
Middle 36924.8 713 19.31 (17.94, 20.78)
High 39894.4 886 22.21 (20.79, 23.72)
Highest 36977.5 728 19.69 (18.30, 21.17)
Total 180804.7 3770 20.85 (20.19, 21.52)
Chi Square 
Trend

p=0.1924

Lowest to 
Highest ratio

1.11

Figure 1: Overall adult mortality rate (AMR) in ACDSA 2001 - 
2007.

Figure 2: Adult mortality rate by SES category and sex in ACDSA.

In the low SES quintile, there was a significant difference in 
mortality rate of 6 per 1000 PYO between males and females. The 
difference in rates in terms of gender was however, not significant 
for the high SES category. (Fig. 3)

Individuals in the two main age groups; younger (≤40 yrs) 
and older (>40 yrs) had varying rates across all SES quintiles as 

shown in Fig 4. For each SES quintile, the rates for older adults 
were on average two times that of the younger adults. The survival 
probabilities for males and females decreased at a constant rate with 
time; it also varied with age. The females exhibited better survival 
than the males throughout the follow-up period. On the whole, 
the lowest age group (15-24 yrs) encompassed the highest chance 
of survival; whereas, the older age group (55-64 yrs) exhibited the 
lowest chance of survival.

Figure 3: Adult mortality rate by SES category and age in ACDSA.

Figure 4: Kaplan-Meir survival curves for adults in the ACDIS.

The univariate analysis or unadjusted hazard model (uaHR) 
showed no particular trend in association between SES and adult 
mortality. Adults in the low SES category were 0.04 times less 
likely to die compared to adults in the lowest group (uaHR=0.96; 
p=0.492; 95% CI [0.87 - 1.07]). While, adults in the poor category 
were 0.12 times less likely to die compared to adults in the lowest 
group (uaHR=0.88; p=0.016; 95% CI [0.79 - 0.97]). Furthermore, 
adults in the high SES group were 1.01 times more likely to die 
compared to adults in the lowest SES group (uaHR=1.01; p=0.800; 
95% CI [0.91 - 1.11]). During the first period, adults in the highest 
SES group were 0.10 times less likely to die compared to lowest 
group (uaHR=0.90; p=0.042; 95% CI [0.81 - 0.99]).

Using the multivariate analysis; adjusting for the potential 
confounders such as age, education and marital status, the 
multivariate proportional hazard model showed that in the low 
SES category, adults were 0.03 times less likely to die compared to 
the lowest group, but this was not significant (aHR=0.97; p=0.662; 
95% CI [0.87 - 1.08]). In the middle SES group, adults were 0.06 
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times less likely to die compared to the lowest SES group, but the 
hazard was also not significant (aHR=0.94; p=0.279; 95% CI [0.84 
- 1.05]). And in the highest category, adults were 1.09 times more 
likely to die (aHR=1.09; p=0.128; 95% CI [0.97- 1.22]), but this 
higher risk was also not significant. The proportional hazard model 
rule was investigated and found that the model did not violate the 
rule with a global test of p=0.3335. (Table 3)

Stratifying the analysis into two main age categories, 15-40 
yrs and 41-64 yrs, (Table 4) it was apparent that SES showed a 
significantly higher hazard ratio in the higher SES categories in 
both age groups, but the ratios were a little higher among the older 
adults. In the low SES quintile, adults in the lower age group were 
1.01 times more likely to die (aHR=1.01; p=0.939; 95%CI [0.87 - 
1.15]), whereas the older adults in the same SES category were 0.03 
times less likely to die (aHR=0.97; p=0.743; 95% CI [0.81 - 1.15]).

In the middle poor category, the young adults were 0.07 times 
less likely to die [aHR=0.93; p=0.337; 95% CI [0.80 - 1.07]), 
whereas the older adults in the same SES quintile were 1.02 times 
more likely to die (aHR=1.02; p=0.813; 95% CI [0.85 - 1.21]). 
Among the high SES group, the younger adults showed a significant 
1.15 times more hazard for death (aHR=1.15; p=0.044; 95% CI 
[1.00 - 1.31]), whilst the older adults were 1.21 times more likely 
to die (aHR=1.21; p=0.030; 95% CI [1.01 - 1.42]), which was also 
significant.

In the highest SES quintile, younger adults were 1.11 times 
more likely to die compared with their counterparts in the lowest 
SES category (aHR=1.11; p=0.146; 95% CI [0.96 - 1.28]); but 
again the older adults had a highly increased hazard for death, 
which was 1.16 times greater (aHR=1.16; p=0.114; 95% CI [0.96 

- 1.40]). The proportional hazard rule was again investigated and 
both models did not violate the rule with a global test of p=0.3907 
for the model of the younger age group (15-40 years) and p=0.1436 
for the model with the older age groups.

Table 3: Multivariate Cox Model for adult mortality in ACDSA.

Variable Adjusted HR, 95%CI (p-value)

15-64 yrs
Sex
Male
Female

1
0.75

1
 (0.70, 0.80)

1
<0.001

Age 1.04  (1.040, 1.046) <0.001
SES
Lowest
Low
Middle
High
Highest

1
0.97
0.94
1.13
1.09

1
 (0.87, 1.08)
(0.84, 1.05)
(1.01, 1.25)
(0.97, 1.22)

1
0.662
0.279
0.021
0.128

Marital Status
Married
Separated
Divorced
Single
Widowed

1
2.05
1.57
2.15
1.35

1
(1.66, 2.53)
(0.88, 2.78)
(1.95, 2.38)
(1.17, 1.56)

1
<0.001
0.121

<0.001
<0.001

Education
None
Primary
Secondary
Tertiary

1
1.04
1.01
0.67

 1
(0.94, 1.15)
(0.90, 1.13)
(0.53, 0.85)

1
0.358
0.816
0.001

Employment
Employed
Unemployed

1
0.91

 1
(0.84, 0.98)

1
0.013

Table 4: Stratified Multivariate Cox Model for adults in ACDSA by two age groups.

Variable
15-40 years 41-64 years

Adjusted HR 95% CI p-value Adjusted HR 95% CI p-value
Sex
Male
Female

1
1.03

1
 (0.94; 1.12)

1
0.469

1
0.45

 1
(0.39, 0.50)

1
<0.001

SES
Lowest
Low
Middle
High
Highest

1
1.01
0.93
1.15
1.11

 1
(0.87; 1.15)
(0.80; 1.07)
(1.00; 1.31)
(0.96; 1.28)

1
0.939
0.337
0.044
0.146

1
0.97
1.02
1.21
1.16

 1
(0.81; 1.15)
(0.85; 1.21)
(1.01; 1.42)
(0.96; 1.40)

1
0.743
0.813
0.030
0.114

Marital Status
Married
Separated
Divorced
Single
Widowed

1
1.70
1.57
1.95
1.45

 1
(1.27; 2.28)
(0.13; 6.79)
(1.95; 2.38)
(1.24; 1.69)

1
0.000
0.960
0.000
0.000

1
1.84
2.17
1.82
1.74

 1
(1.35; 2.51)
(1.19; 3.95)
(1.60; 2.05)
(1.47; 2.06)

1
<0.001
0.011

<0.001
<0.001

Education
None
Primary
Secondary
Tertiary

1
0.68
0.53
0.32

 1
(0.58; 0.80)
(0.45; 0.61)
(0.23; 0.44)

1
0.000
0.000
0.000

1
0.95
0.97
0.58

 
1

(0.83; 1.07)
(0.82; 1.15)
(0.37; 0.91)

1
0.396
0.773
0.019

Employment
Employed
Unemployed

1
1.61

1
 (0.55; 0.66)

1
0.000

1
1.25

1
(1.11; 1.40)

1
<0.001
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Discussion

This study attempted to longitudinally determine adult mortality 
over a seven year follow-up period and examine its association with 
socioeconomic status. The overall mortality rate within the seven 
year follow-up period was 20.8 per 1000 PYO. Among the SES 
groups, the rates were high for the lowest SES groups (22 per 1000 
PYO), and slightly lower for the Highest groups (19.7 per 1000 
PYO). The rates recorded showed significant differences between 
males and females. Males generally had higher rates compared to 
females. The rate for the males was 23 per 1000 PYO, and 18 per 
1000 PYO for the females.

While earlier studies have noted some association between 
SES and mortality in almost all age groups, the results of this study 
indicate that the observed association between SES and adult 
mortality does exist. This finding however, shows no consistent 
direction of the association with regard to changing levels of SES. 
There was no statistically significant association between SES and 
adult mortality. However, there was one exception in the fourth level 
of SES, but this was not of much prominence, especially when the 
three other SES quintiles were insignificant.

Socioeconomic status, when adjusted with other variables 
showed that the hazard of death was marginally higher for all 
SES groups and the fourth SES quintile remained statistically 
significant. This change in the observed protective nature of SES 
shows that SES on its own could not be a variable that determines 
adult mortality within a homogenous community like Hlabisa 
district of KwaZulu-Natal.

After adjusting for the confounders, the hazard of death among 
adult females in the district was observed to be 25% less when 
compared to adult males. This is consistent with much of the 
literature that has indicated sex differences in health and mortality 
with higher mortality for males than females.14 Though women 
often live longer than males; women on the other hand, are also 
more likely to acquire chronic diseases and be in a state of ill health 
for longer periods of time than males.7,15 The death hazard observed 
among the different age groups showed dramatic increases in 
hazard with increasing age. The hazard of death generally increased 
by 4% with every one year increased in age. Age is a well-known 
factor that explains health and mortality. Its biological dimension 
is that as adults grow older, their body cells tend to weaken and 
suffer functional difficulties,15,16 thus becoming more prone to 
ill health and disease, which often turn to chronic. Mortality has 
also been identified to increase exponentially with age going up 
to approximately 10% for each additional year of age.17 Marital 
status was also found to predict adult mortality. Single adults were 
observed to be on average twice more likely to die compared to 
married adults (115% more). Adults who were on the other hand 
divorced exhibited 57% more likelihood to die compared to those 
who were married. Whereas, adults whose spouses have died had 
a 35% more risk of death compared with adults who are married. 
Similar results have been noted elsewhere in Bulgaria, Finland and 
the US.18

Though this study found no association between SES and adult 

mortality, SES still remains an important factor for investigation in 
understanding adult mortality in South Africa. Social and economic 
research conducted in South Africa shows that socioeconomic 
inequalities still exist in the country, making access to social services 
very difficult, especially among the black population.13 South 
African policymakers face a great task to substantially reduce the 
apartheid legacy of high inequality and poverty. The debate about 
the success and failure of the inequality reduction program in the 
country is still ongoing, with contrasting conclusions as to whether 
job creation or jobless growth has taken place in the South African 
economy.

Our findings should be taken with caution so that SES is not 
completely ignored in tackling adult mortality, considering the 
socio-cultural environment of the study population. For instance, 
one confounding factor that this study found quite important in 
tackling adult mortality with respect to the study population is 
marriage, which proved to have a significantly reduced effect on 
adult mortality among the study population.

There is so much more to be done in order to bridge the 
socioeconomic inequality gap to in turn increase healthy years of 
life in South African adults. The major move is to curb the high 
rates of HIV/ AIDS infections to avoid its consequent deaths. 
There is need to enhance healthcare utilization among the poor by 
making healthcare readily available and more affordable. This can be 
done through a public based health insurance system, fee waivers for 
sections of the adult population, or provision of healthcare vouchers 
for particularly economically deprived adults. Accessibility of 
healthcare and health education by the poor through the provision 
of health facilities within accessible range would also be very 
important in reducing the travel distance. This will help eliminate 
the travel time and cost to health facilities in especially deprived 
rural settings like Hlabisa district.19

In terms of study limitations; there have been debates about 
the use of household assets in measuring SES. One of the study 
limitations is that household assets were a measure of long-term 
household wealth and did not account for short-term interruptions in 
the measure. Secondly, the asset component used in measuring SES 
did not consider the importance that the study population attached 
to each of the components. Thus, the most useful components that 
capture the wealth differences in the study population might not 
have been given the full chance to bring out the needed measure of 
household wealth differences.

Thirdly, the study was carried out on the assumption that the 
independent variables were time invariant and thus, they were 
not treated as time varying covariates; the covariates used were 
those measured at the start date of the study i.e., 1st January 2001. 
Variables such as age, marital status and education are however time 
varying, whose nature might have caused some slight measurement 
inaccuracies in this study. One other limitation of this study was the 
inability to control for potential confounds between HIV status and 
socioeconomic status. This in a way weakens our analysis because 
in an area with high levels of HIV/AIDS, it is rather meaningless 
to assess the impact of socioeconomic status on mortality without 
taking into account the potential confounding health status.
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The use of PCA in constructing SES seems not to have been 
sensitive to differences in socioeconomic status in the Hlabisa 
district; and therefore, might not have been sufficient in determining 
adult mortality. Other methods in generating SES could be useful 
in making the measure of the association between SES and adult 
mortality more robust.20,21

In rural populations like the Hlabisa district of KwaZulu-
Natal, the measure of SES is mainly based on household asset 
ownerships since it is more difficult to collect expenditure and 
income variables. However, because in rural populations there 
exists some homogeneity in the asset ownership, there is need to 
understand how rural communities attached importance to each 
asset component to help determine which components are most 
useful to include in constructing the PCA. This might hopefully 
reveal a better association between SES and adult mortality, once 
the most important components are used in the PCA.

Whereas, the first strength of the study is that it was a 
prospective cohort study, which was measured longitudinally over 
a period of seven years. The long duration (7 years) of follow-up to 
the observed event (death) makes the measurements in the study 
quite reliable and the measured association fairly predictive.

The use of PCA also eliminates most of the measurement 
problems associated with measuring income and expenditure such 
as recall bias, seasonality (of income acquisition and expenditures) 
and data collection time. Another advantage of PCA is that it 
is fairly easier for computations and in the absence of income 
or consumption data in rural KwaZulu-Natal, PCA was most 
useful. It also makes use of all the SES variables in reducing the 
dimensionality of the data.

Conclusion

This study leads to the conclusion that adult socioeconomic status 
is not significantly associated with adult mortality in a homogenous 
community. Bridging the SES gap between the rich and the poor, 
though a good MDG goal; might therefore not be the only effective 
way to tackle adult mortality. This finding notwithstanding, there 
would be need to still combine SES with other factors in reducing 
adult mortality considering its inseparable link with the other 
factors. Public health provision, as well as educational measures that 
can help encourage marriage, as well as healthy lifestyle would be 
most useful in addressing adult mortality in such rural areas.
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