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ABSTRACT

Nigeria is ranked among high mortality countries worldwide. The vital registration
system in Nigeria is incomplete and the census age distribution is fraught with errors. Thus,
estimating life table functions for Nigeria requires an approach that addresses the possible
challenge posed by poor data quality. The rise in the incidence of diseases necessitates the
need to provide good estimates of life table functions for Nigeria. In this study, the age
distribution observed in the 1991 and 2006 censuses were refined using census and survey
parameters. The model life table approach and the linkage system were used to estimate the
life table function and adult mortality (20q15,

35q15, 45q15, 40q30

and 20q60) based on the refined

age structure. There were errors in age data across all age groups in both censuses, but data for
females exhibited higher deviation from the standard than males. The adult probability of dying
(45q15) was 0.4508 (males) and 0.3928 (females) in 1991 and 0.3685 (males) and 0.3159
(females) in 2006. Similar sex patterns of adult mortality was observed for childhood mortality.
The life expectancy at birth in 1991 was higher among females (46.87 years) than males (44.26
years), but an increasing trend was found in 2006 where the life expectancy at birth was 54.33
years for females and 51.65 years for males. The childhood and adult mortality rate is high in
Nigeria and higher among males than females but follows a declining trend. The smoothed age
distribution revealed errors in age reporting in Nigeria. The government should scale-up policies
and programs that can facilitate the increase of survival chances in Nigeria.

Key words:
Adult mortality, life expectancy, survival probabilities, Nigeria
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1. Introduction

In 1978, the World Health Organization (WHO) laid out its obligation to ensure health
equality for all in the Alma-Ata declaration (Alma-Ata Declaration, 1978). Its goal was for all
people to have sufficient health and a dig ified a d p odu ti e life

the ea 2000.

Unfortunately, that goal was not realized in most countries at the deadline. For the full
actualization of this agenda, the Millennium Development Goals (MDGs) were instituted as a
target that should be met by 2015 (United Nations, 2000). It is impressive that the initiatives
have led to mortality reductions in some countries, but appropriate life tables (LTs) to monitor
the trend is lacking due to the paucity of data and the poor data quality especially in developing
countries. LTs are designed mainly for measurement of the populatio ’s mortality level (Siege
and Swanson, 2004) but are also useful in graduation, adjustment and extension of limited and
defective demographic data (Smith and Keyfitz, 2013; Siege and Swanson, 2004).

Despite the unique importance of LTs, it is worrisome that to date, Nigeria, the most
populous country in Africa with a population of above 180 million (PRB, 2016) lacks
documentation on LTs. The available statistics shows that the life expectancy in Nigeria is low
when compared to other nations (PRB, 2016; WHO, 2015a) basically because of the strong
effect of diseases like HIV/AIDS, tuberculosis (TB), cancer and malaria which are prevalent in
the country (Arodiwe et al., 2014; Preacely et al., 2012; Walque and Filmer, 2011). Poverty,
poor housing conditions, unemployment, high crime rates and a lack of social infrastructure are
other problems that either directly or indirectly pose a threat to the health of Nigerians
(Muoghalu, 2010). In order to generate LT parameters like survival probability and life
expectancy, the age specific mortality rates obtained from death and population distribution by
age are crucial. Unfortunately, there are no accurate mortality statistics in Nigeria and the age
data is fraught with errors. The available record/register in most cases captures deaths that
occur in public hospitals, road accidents and on a few occasions where people would require
approval from the government to bury their love ones in a public cemetery. Deaths that occur
at home and other places are often not reported, thereby excluding such deaths from the
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national vital statistics record database. Thus, estimating LT functions for Nigeria requires an
approach that addresses the possible challenge posed by poor data quality. The rise in the
incidence of diseases necessitates the need to provide credible estimates of LT functions for
Nigeria.

Inaccurate LT functions may hamper planning and policies aimed at mortality reduction
or in knowing the age segment or population subgroup that requires urgent attention
(Darmstadt et al., 2013). Due to the challenge posed by poor vital statistics in developing
countries, the direct approach to estimating death rates have been criticized in the literature
(UN, 1983), thus the use of indirect methodologies becomes inevitable. Indirect techniques
have been applied in many developing nations, particularly within Asian countries for the
estimation of LT survivorship probability (Adebowale and Adedini, 2014; UN, 1983), but their
use remains a grey area for mortality research in Nigeria. Where the LT function is provided for
the country, the methodology involved in the provision of such estimates are often not
included thus raising the curiosity of researchers in this field on the reliability of the estimates.
Scientifically, due to poor data quality and the absence of reliable vital statistics in Nigeria, an
indirect demographic technique will be needed to produce a credible LT for the country.
Indirect estimation techniques have been developed by demographers to produce estimates of
demographic parameters based on information that is only indirectly related to its value and
often used to obtain estimates of rare or difficult-to-measure demographic events. Against this
background, the study aimed at refining the age distribution obtained from the 1991 and 2006
Censuses in Nigeria. The main reason for this objective was to use the refined estimate in
addition to other demographic parameters to generate good LTs for Nigeria. Based on the
constructed LTs, the sex difference in adult mortality measured by nqx (probability of dying
between ages x and x+n);

20q15, 35q15, 45q15, 40q30

and

20q60

were also examined. The adult

mortality level is an important indicator for assessing the mortality pattern in Nigeria due to an
upsurge in the disease burden among the working population (15-64 years). The availability of
mortality estimates is useful for population projections, planning, and decision making in
Nigeria.
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2. Literature review

The first recognized LTs were published in 1693 (Halley, 1693). It was based on birth and
death registration data for the city of Breslau during the years 1687 to 1691 but was rejected
because of its assumption. Milne (1815) generated the first precise and widely accepted LTs
using population age distribution by death in two parishes of Carlisle, England, between 1779
and 1787. The first set of model LTs based on the principle of narrowing the choice of a LT to
those deemed feasible by examining the mortality risks computed from the actual populations
was developed during the 1950s. Also, the Ledermann model LTs was constructed by tracking
the key variables that explains variation among a set of 154 observed LTs using factor analysis
(Ledermann and Breas, 1959). Published thereafter was the Coale-Demeny regional model LTs
which were generated from a set of 192 LTs by sex recorded for actual populations but
weighted towards the experience of the west (Coale and Demeny, 1966). LTs of Brass et al.
(1968) were based on the logit transformation of survival probabilities to age x and emphasized
that this transformation approximately linearizes the relationship between their corresponding
probabilities for different LTs. The United Nations (UN) model LTs for developing countries
were obtained mainly from 21 Latin America and Asia countries, and only one country from
Africa (United Nations, 1982). The small contribution by Africa reflects the deficiency of this
model for African use. The INDEPTH model LTs were also constructed to account for deaths as a
result of HIV/AIDS (INDEPTH Network, 2002).

Numerous LTs have been constructed particularly for countries in Europe, but LTs are
now available for almost all countries around the world and in some situations LTs are
generated for specific groups and regions in a country (Lopez et al., 2014). In Sub-Saharan
Africa, LTs have been published for countries where vital registration systems are close to
perfect like South Africa (Central Statistical Services, 1985), where LTs have been published
since the 1920s, separately for Whites, Coloureds and Asians/Indians (Anson, 1992). Adebowale
and Adedini (2014) estimated LT functions for selected countries from the four regional blocks
in Sub-Saharan Africa viz; Kenya, Rwanda, Senegal, Tanzania and South Africa using census data.
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Several attempts have been made to construct LTs in Nigeria. Iro (1965) constructed a working
LT for rural Nigeria. Other researchers and some agencies have also provided estimates of LT
parameters for Nigeria (Uche, 1988; Chinelo, 2014; WHO, 2015b). The basic indicators for
measuring mortality levels in these tables are: age specific mortality rate, probability of dying
and life expectancy.

Globally, there has been an increase in the level of life expectancy. In 1950-1955, the life
expectancy was 46.5 years and in 2016, it was 72 years (PRB, 2016). The increasing trend masks
a reduction in life expectancy in low income countries. The shift in demographic, social and
health behaviours and advances in medical technologies have been experienced in many
African societies. There has been a modest decline in mortality rates, leading to an increase in
life expectancy at birth (e0) and survival chances which has continued in most parts of SubSaharan Africa like Eritrea, Liberia, and Madagascar (PRB, 2016). However, the overall life
expectancy (57 years) in Sub-Saharan Africa is still perceived to be low (PRB, 2016). In some
parts of the region, adult mortality rates are now higher than they were in the past few
decades. It is worrisome that the top 10 countries with the lowest life expectancy worldwide
are from Africa (PRB, 2016). These countries are: Central African Republic (45.91), Lesotho
(46.02), Sierra Leone (46.26), Zimbabwe (46.59), Guinea-Bissau (46.76), Zambia (46.93),
Swaziland (47.36), Democratic Republic of Congo (47.42), Chad (48.52), and Mozambique
(48.57), unlike Japan with a life expectancy of 85 years of age (Lopez et al., 2014).

In Nigeria, between 1990 and 2016, life expectancy was estimated to have increased
from 41.8 years in 1970 to 53 years in 2016 (PRB, 2016). Much of this rise resulted from a sharp
decline in the under-five mortality from 192.4 per 1 000 live births in 1990 to 128 per 1 000 live
births in 2013 (National Population Commission and ICF International, 2014). Uche (1988)
estimate of expectation of life at birth in Nigeria was 51 years. Chinelo (2014), in his study
observed a reduction in mortality rate and life expectancy in Nigeria at the tail end of the last
century but a sudden rise was found in 2006. The WHO data on life expectancy across the globe
indicated that the estimate for Nigeria was 54.5 years and this estimate gives Nigeria a world
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life expectancy ranking of 171 (WHO, 2015b). The observed pattern of deaths in Nigeria and
other parts of Sub-Saharan Africa, mainly resulted from malnutrition, diarrhoea, malaria and
acute respiratory infections which are caused by famine, poverty, poor health care system, lack
of clean water, food insecurity, illiteracy, corruption on the part of leaders and widespread
HIV/AIDS.

Life expectancy is indeed improving in Nigeria but at a slow rate due to the
implementation of government programmes to fight diseases like polio and malaria and
provide primary care to children in the rural areas. Poor data quality hampers LTs thus, the
reported estimates of LT functions in Nigeria are debatable and may likely generate misleading
results.

3. Methods

3.1 Study area

This study was conducted in Nigeria, the most populous country in Africa. Social and
cultural contexts that drive age mis-reporting are prevalent in Nigeria. Characterized as a
developing country, Nigeria has a good health system but poor implementation is a major
challenge. The majority of Nigerians live in abject poverty and earn less than 2 dollars per day.
Diseases like malaria, leishmaniasis, schistosomiasis, onchocersiasis, lymphatic filariasis, Chagas
disease, African trypanosomiasis and dengue fever which are peculiar to a tropical climate are
present in Nigeria. The emerging and re-emerging diseases like HIV, influenza, hepatitis, ebola,
and Lassa fever pose a major threat to the survival chances of Nigerian population.
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3.2 Data sources

In this study, two data sources were used: the 1991 and 2006 Censuses and the 20032013 Nigeria Demographic and Health Survey. Child mortality, one of the parameters used for
the selection of appropriate model LTs, was obtained using the demographic health and survey
data set, the individual record component. The variables analyzed in the data are: children ever
born, children surviving, age of the mother and marital duration of the mother. The reversetrend of the childhood mortality estimate was matched with the specific census year and used
for the selection of appropriate model LT for that year.

3.3. Data analysis

Estimation of refined childhood mortality
The probability of dying between birth and age Ω (q(Ω)) was estimated as
where d(x,5) refers to the proportion of children dead to women in
age group (x,x+5) and k(x,5) is an age-specific factor. Under this system, the proportion of
children dead for women in age groups 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49 were
used to calculate the corresponding values of q(Ω) equals to 1, 2, 3, 5, 10, 15 and 20 (Moultrie
et al., 2013; United Nations, 1983; Brass et al., 1968). Another set of regression equations were
used to estimate the period t ,5 to hi h the esti ated

Ω alues efe .

The values a1, a2, a3 and b1, b2, b3 are arbitrary constants selected based on Western
patterns of mortality.
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Thereafter, the estimated values of q(Ω) were adjusted using 1-parameter logit equation
by converting them into a value of alpha, the level parameter of a system of relational logit
system of model LTs. The alpha was used to estimate the corresponding probability of dying
between birth and exact age Ω. In this study, 5q0 was used to select the appropriate mortality
level due to its robustness and accuracy.

With this e uatio se e al alues of α
5q 0

e e o tai ed a d fo ea h, the corresponding

were derived:

Adjustment of the two census data

The two census age distribution were adjusted using the mortality level as implied by 5q0
above from the Coale-Demeny model LTs and the population growth rate (r) between the
census periods. The growth rate was estimated with the assumption that the population
growth in Nigeria follows an exponential model:

The value of r and 5q0 were used to select the appropriate standard population from the
Coale-Demeny model LT. The cumulative population proportion at each five-year age group
was obtained through linear interpolation since the exact observed growth rate was
not found in the model LTs.
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are the cumulative population proportion at each five-year

Where:

age group and the growth rate in the model LTs that bracketed the observed values. Thereafter,
the age distributions in the study population were compared with the proportion in the
standard population using a logit transformation which linearizes the relationship between age
and the cumulated proportion of the population under each age group.
The logit transformations of the observed and standard were obtained using:

A second degree polynomial was fitted for the

and

based on the

assumption that the expected parabola passes through the origin (UN, 1983).

The parameters and

were estimated from the solution of the equation:

and

are the mean points for the first

a d se o d g oup of poi ts espe ti el . The alues of α a d β a e the su stituted i the
parabola to obtain the adjusted values:
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The adjusted values

were inverted to obtain the adjusted age distribution.

The adjusted proportion at each age group was multiplied by the reported total
population to obtain the refined age distribution. The procedures above were done for males
and females separately and the two censuses.

Estimating the life table functions

The estimated mortality level obtained from the refined childhood mortality earlier
discussed were used to select the appropriate LTs from the Coale-Demeny west model.
Through linear interpolation the exact survival probabilities (l(x)) were obtained for the exact
age x and other LTs. Thereafter, probabilities of dying within specific age intervals (5q0,
50q15, 60q15, 70q30,

35q15,

and 80q60) were determined for males and females respectively:

The linkage system

The method involved the use of refined childhood mortality estimated using
information on children ever born and children surviving classified by age group and marital
duration of mother discussed above. With this approach, two sets of childhood mortality (1, 2,
3, 5, 10, and 20) were produced (UN, 1983). These childhood mortality estimates were linked
with adult mortality i.e. mortality at ages 25, 30, 35, 40, 45 generated using the widowhood
method with the use of standard logit system separately for males and females. For the adult,
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the estimation equation for male and female survival probability for ages; 25, 30, 35, 40, 45 is
and

respectively.

Where:
o a(n), b(n), c(n), d(n), e(n) and f(n) are the coefficients for estimation of female (male)
survivorship from birth from proportions of men (women) with surviving first wife (husband),
classified by age
o SMAMm and SMAMf is the singulate mean age at marriage for males and females
o l(2) is the survival probability to age 2
o NW(n) is the proportion of male (female) respondents aged from n to n +4 whose first wives
(husband) were alive at the time of the interview
o RSW is the proportion of l(20) to l(2) selected from the appropriate standard LT.

The resulting equation was smoothed through linear interpolation to obtain a complete
set of survivorship probabilities. The methodologies involved the computation of logit
transformation of the estimated survivorship probabilities as shown in equation (1) below. The
logit transformation of the estimated LTs using the linkage system was plotted against logit
t a sfo

atio of the sta da d. Based o the fitted li ea e uatio , the pa a ete s α a d β

were estimated and they were used to produce a smooth LT values l*(x) in equation (2):
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4. Results

4.1 Childhood mortality estimate and age distribution errors for the census year 2006

The probability of dying before age 5 among live born males was 0.158 which translates
to the mortality level of 14.94. The growth rate of males between 1991 and 2006 was 0.0314.
Table 1 shows the 2006 Census for the observed and adjusted age distribution for the male
population in Nigeria. The data depicts that among the males, age reporting errors were found
across all age groups. While under-reporting of age was observed for male children aged 0-4,
10-14 years, and in adult age cohorts like: 55-59, 60-64, 70-74 and 75-79 years, over-reporting
was found among other age groups. High levels of under-reporting was found among men in
age group 65-69, 75-79 and 55-59 with a percentage error of -68.472, -56.508 and -45.427
respectively and over-reporting between ages 80-84 years (% error= +28.156).

The estimated parameters used for the adjustment of the female population in 2006
were: the probability of dying before age 5 (5q0=0.144) which translates to a LT level 14.74 and
growth rate (r= 0.029381). As shown in Table 1, under-reporting was found in ages 0-14 and 4579 years while over-reporting was found in other age segments of the female population. High
levels of undercounting was noted in the age group 65-69 (% error= -81.263), 55-59 (% error= 77.967) and 75-59 (% error= -71.652) whereas, over counting was the case for the age group
85+ (% error= +55.587), 80-84 (% error= +31.557) and 25-29 (% error= +26.083) years.

4.2 Childhood mortality estimate and age distribution errors for the census year 1991

In the 1991 census year, the male data was refined using the under-five mortality
probability (5q0=0.228), mortality level (11.913) and growth rate (r= 0.033). The data presented
in Table 1 shows that the observed number of men reported in age groups 0-4, 20-24, 45-49,
55-59, 65-69, 75-79 and 80+ were under-reported and an over count was observed in the other
age groups. At age intervals 55-59, 75-79 and 65-59 years, there was gross a under count which
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resulted in a percentage error of -56.9727, -56.1811 and -51.4671 percent respectively. The
most accurate count was found for men in the age group 15-19 and 35-39 years where the
percentage error was +1.033 and +2.699 respectively.

The refined under-five mortality for females in 1990 was 0.209 which translates to a LT
mortality level of 11.755. The estimated annual growth rate was 3.1%. The huge under-count of
women was found in age groups; 55-59, 75-79, 65-59, 45-49 and 0-4 years with the
corresponding percentage error of -93.137, -76.151, -59.251, -31.415 and -24.844. A large
number of over counting was observed in age groups 85+ (% error= +27.894), 80-84 (% error=
+26.708) and 25-29 (% error= +23.523) years.
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Table 1: Adjusted, observed and percentage error in males’ a d fe ales’ age distri utio of
2006 and 1991 Censuses in Nigeria
Age
group
2006
0-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+
Total
1991
0-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+
Total

Males
Population
Observed
Adjusted

Error
Error

%

Females
Population
Observed
Adjusted

Error
Error

%

11569218
12723702
-1154484
10388611
10211195
177416
8504319
8546127
-41808
7536532
7189888
346644
6237549
6041368
196181
5534458
5073380
461078
4505186
4272903
232283
3661133
3603815
57318
3395489
3028926
366563
2561526
2536774
24752
2363937
2107086
256851
1189770
1730242
-540472
1363219
1379488
-16269
628436
1058741
-430305
765988
769531
-3543
327416
512435
-185019
408680
293610
115070
404021
266277
137744
71345488
71345488
5q0=0.158; level: 14.93775; r =0.031425

-9.97893
+1.707793
-0.491610
+4.599515
+3.145163
+8.331049
+5.155899
+1.565589
+10.79558
+0.966292
+10.86541
-45.42660
-1.193410
-68.47230
-0.462530
-56.50890
+28.15638
+34.09320

11025749
12550827
-1525078
9616769
10191214
-574445
7631631
8523854
-892223
7362887
7124668
238219
7197530
5936157
1261373
6676968
4935391
1741577
4962352
4098171
864181
3670622
3402101
268521
3060981
2827006
233975
2029767
2341032
-311265
1885282
1922116
-36834
876477
1559841
-683364
1087067
1237565
-150498
522612
947301
-424689
564609
677065
-112456
252422
433288
-180866
351373
240490
110883
311204
138216
172988
69086302
69086302
5q0 =0.144; level=14.739238; r =0.029381

-13.83200
-5.973370
-11.69110
+3.235407
+17.52508
+26.08336
+17.41475
+7.315397
+7.643786
-15.33500
-1.953740
-77.96720
-13.84440
-81.26280
-19.91740
-71.65220
+31.55715
+55.58669

7344454
8460892
-1116438
7374314
6542439
831875
5812538
5395306
417232
4528811
4482046
46765
3314303
3720035
-405732
3304739
3089100
215639
2808629
2574673
233956
2206871
2147298
59573
1971197
1790196
181001
1355101
1486733
-131632
1388650
1227045
161605
638375
1002075
-363700
898801
799500
99301
406540
615775
-209235
492186
458859
33327
195455
305264
-109809
258059
179326
78733
230585
253047
-22462
44529608
44529608
5q0=0.228; level: 11.91308; r =0.0330

-15.20110
+11.28072
+7.178142
+1.032613
-12.24180
+6.525131
+8.329892
+2.699441
+9.182290
-9.713830
+11.63759
-56.97270
+11.04814
-51.4671
6.771129
-56.1811
30.50969
-9.74131

6999435
8738357
-1738922
7126144
6764349
361795
5336143
5548889
-212746
4806977
4561406
245571
4357267
3738463
618804
4006932
3064371
942561
3105298
2514012
591286
2008062
2064199
-56137
1874721
1695520
179201
1061602
1395099
-333497
1182149
1147420
34729
481394
929748
-448354
791573
739358
52215
357400
569162
-211762
394116
413471
-19355
156368
275444
-119076
222627
163168
59459
194404
140177
54227
44462612
44462612
5q0= 0.209; level: 11.75541; r = 0.0310

-24.8437
5.077012
-3.98688
5.10863
14.20166
23.52326
19.0412
-2.79559
9.558819
-31.4145
2.937803
-93.1365
6.596409
-59.2508
-4.91108
-76.1513
26.70799
27.89397

15

Southern African Journal of Demography
Volume 19 (1), June 2019

4.3 Standard and adjusted population proportion under age x in 1991 and 2006
censuses

Figures 1(a-d) shows the plots of the observed, the standard and adjusted population
proportion under age x by sex for 2006 and 1991 Censuses in Nigeria. The data shows that for
the reported age distribution, the data for females exhibited higher deviations from the
standard than the males and this pattern was similar for the two censuses.
Figure 1b: Observed, standard and adjusted
population under age x for females, 2006
Census in Nigeria

Figure 1a: Observed, standard and adjusted
population under age x for males, 2006
Census in Nigeria
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Figure 1c: Observed, standard and adjusted
population under age x for males, 1991
Census in Nigeria

Figure 1d: Observed, standard and adjusted
population under age x for females, 1991
Census in Nigeria

Figure 2 shows the percentage error obtained for age distribution in 1991 and 2006
censuses in Nigeria. In the plot, although there are discrepancies in the level of errors, it is
obvious that age pattern of errors are similar for each sex in the census years. There are
indications that a slight shift in pattern of age errors has been observed between 1991 and
2006 particularly between the ages of 0 and 65 years.
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Figure 2: Percentage errors in age reporting for males and females, 2006 and 1991 Censuses
in Nigeria
80
60
40
20

% Error

0
-20
-40
-60
-80

1991Males
1991Females
2006Males
2006Females
Normal

-100
-120

Age cohort

4.4 Survival probability and life expectancy by sex in 1991 and 2006 Censuses

The probability of surviving to exact age x as displayed in Figure 3a shows that at all
ages, the estimate was higher among females than males and the disparity was more
prominent between ages 35-85 years. The survival probability has also improved across all ages
between 1991 and 2006. It is important to note that the pattern exhibited by females at ages
75+ in the year 1991 was an approximate of the male estimates for those years in 2006.

Figure 3b displays the life expectancy at age x for males and females in the year 1991
and 2006 in Nigeria. The male life expectancy at age 0 in 1991 was 44.26 years and 51.65 years
in 2006. For females, the life expectancy at birth was 46.87 years in the census year 1991 and
54.33 years in 2006. The data further revealed that in 2006, the life expectancy at 25 years of
age for males and females was 39.59 years and 41.91 years respectively. This pattern was
observed in the year 1991 for both sexes but with lower estimates. At the middle age, the life
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expectancy was higher among females (e45=26.39 years) than males (e45=24.12 years) in 2006
but the e45 estimate was lower in 1991 for males (e45=22.36) than females (e45=24.60).
Appendices I and II contain the complete life tables.

Figure 3a: Survival probabilities for males
and females, 2006 and 1991 Censuses in
Nigeria

Figure 3b: Life expectancy for males and
females, 2006 and 1991 Censuses in Nigeria

The data in Figure 4 shows the probability of dying between an age interval

.

The result indicates that the probability of dying falls consistently between 1991 and 2006 and
is lower among females than males. The probability that a male individual dies between ages 15
and 35 years (20q15) if he has survived to age 15 years in 1991 was 0.1347 and this reduced to
0.0983 in 2006. The probability of dying between ages 15 and 50 years (35q15) in 2006 for males
was 0.2240 a 23.5% reduction in the 1991 estimate, while the probability of females dying
within the same age interval was 0.2012 with a percentage reduction of 23.8% going by the
estimate for 1991. The adult mortality

45q15

was 0.4508 and 0.3928 for males and females

respectively in 1991 and falls to 0.3685 (males) and 0.3159 (females) in 2006. This is about a
18.3% and 19.7% reduction in the probability of dying between ages 15 and 60 years ( 45q15) for
males and females respectively between 1991 and 2006.
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Figure 4: Probability of dying between age interval (x,x+n) for males and females, 2006 and
1991 Censuses in Nigeria

The logit of the standard (λ s ), logits of the duration (λ

1))

and age (λ

2))

based

estimate of childhood and early adulthood survivorship probability (l(x)) for males and females
are presented in Table 2. The data show that, at both the childhood and early adulthood
periods, the λ

1)

a dλ

2)

are consistently lower among females than males.

Table 2: Logit of the standard, duration and age based estimate of childhood and early
adulthood survivorship probability males and females, Nigeria
Age
2
3
5
10
15
20
25
30
35
40

Standard
λs
-0.7152
-0.6552
-0.6015
-0.5498
-0.5131
-0.4551
-0.3829
-0.3150
-0.2496
-0.1816

Males
λ 1)
-0.9524
-0.8924
-0.8387
-0.7870
-0.7503
-0.6923
-0.7675
-0.7937
-0.7846
-0.7769

Males
λ 2)
-0.9587
-0.8987
-0.8450
-0.7933
-0.7566
-0.6986

Females
λ 1)
-1.0124
-0.9524
-0.8987
-0.8470
-0.8103
-0.7523
-0.8012
-0.8066
-0.8111
-0.8100

Females
λ 2)
-1.0063
-0.9463
-0.8926
-0.8409
-0.8042
-0.7462

λ s : Logit of the sta dard; λ x1 : Logit of duratio based esti ate; λ x2): Logit of age based estimate
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4.5 Smoothed Survival probability

The smoothed survival probabilities of males and females are shown in Figures 5c and
5d respectively. The estimates of l(x1) and l(x2) e e ge e ated usi g the pa a ete s αi (i=1, 2)
a d βi (i=1, 2) obtained from the fitted regression models of the λ

1

a dλ

2)

against λ s as

shown in Figures 5a and 5b. The resulting survival probability for l(x1) at age 80 for males and
females were 0.67705 and 0.63387 respectively. These results indeed deviate from the reality
as 100 000 l(x1) for males for instance would mean that 67 705 men are likely to be alive at age
80 years out of 100 000 hypothetical cohort that began the generation. But for l(x2), the result
seems reasonable as only 12 047 males are expected to survive to age 80 years out of 100 000
males that were born at the same time. Therefore, the l(x1) and l(x2) values were pooled
together to obtain the l(x)* and the iteration continues until an estimate of survival probability
at age 80 (l(80)) converges to less than 0.2. This analysis was based on the assumption that less
than 20,000 men or women are expected to live up to age 80 years particularly in a high
mortality setting like Nigeria. In this study, the convergence of survival probability was achieved
at the 3rd iteration

with the equation:

The adjusted survival probability was consistently higher among females than males at
all ages. At age 80, the survival probability was 0.1900 and 0.1938 for males and females
respectively (see Appendix III).
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Figure 5a: Logit transformation of the
estimated male survivorship probabilities
against those of the general standard

Figure 5b: Logit transformation of the
estimated female survivorship probabilities
against those of the general standard

Figure 5c: Smoothed survival probabilities
(l(x)) (Males)

Figure 5d: Smoothed survival probabilities
(l(x)) (Females)

λ s : Logit of the sta dard; *1st Mean; **2nd Mean; ***3rd Mean
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5. Discussion

The scarcity of credible data on adult mortality in Nigeria reflects the poor state and
inadequacy of its vital registration systems. The use of advanced demographic methods for the
estimation of adult mortality due to poor data quality is rare in Nigeria. Going by the huge
Nigerian population, the available data from surveys usually have small samples which might
not be robust enough for the direct measurement of adult mortality, and in most situations,
census data where better estimates can be obtained failed to collect information that is
necessary for direct estimates of mortality at adulthood. Thus, researchers rely on the use of
sophisticated demographic analysis (indirect methods) for adult mortality estimation. In this
paper, LTs were constructed for males and females based on the use of an indirect approach
with the aim of providing a reliable descriptive account of the adult mortality pattern in Nigeria.
It also assesses the level of age reporting errors in 1991 and 2006 Censuses conducted in
Nigeria.

The study revealed that in the 2006 census year, the probability of dying before age 5
among males and females was 0.158 and 0.144 respectively. Although higher in 1991, the sex
pattern of under-five mortality was similar to the figure obtained in 2006. This finding is similar
to the outcome of previous studies conducted in Nigeria (Akinyemi et al., 2013; National
Population Commission and ICF International, 2014; Adebowale et al., 2012). Persistent high
under-five mortality in Nigeria was a result of many factors, both socio-economic, housing
conditions and health related (Adebowale et al., 2017; Akinyemi et al., 2015; Adedini et al.,
2015). In the 2006 and 1991 census years, the data depicts that across all age groups, there was
significant errors in age data among males and females in Nigeria. Studies conducted in other
settings substantiate this finding (Geeta, 2010; Bailey and Makannah, 1996; Bairagi, 1981).
Persistent age errors in Nigeria census data might be a result of an exaggeration of length of life
at the oldest age groups due to ignorance of the actual age or memory lapses and poor
documentation of birth record. Others include the adjustment of age in order to meet age
requirements for job opportunities and for socio-political reasons. The adjusted age distribution
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found in this study still portrays the broad based pyramid, an indication of high fertility and high
childhood mortality in Nigeria.

Life expectancy at birth is a reflection of the overall level of mortality in a population
and provides a summary of the mortality patterns that prevails across all age groups,
comprising of children, adolescents, adults and the elderly (Siege and Swanson, 2004). The
smoothed estimates of survival probability to exact age x and life expectancy at birth obtained
in the current study are slightly higher among females than males but for the two sexes, there
was evidence of an increase in the estimates between 1991 and 2006. Previous studies have
established that women outlive men (PRB, 2016). However, in the majority of the African
countries, there is little or no variation in the estimated life expectancy at birth for men and
women but neither sex has a life expectancy at birth that approaches the global estimate (PRB,
2016). The high HIV/AIDS burden, decaying social infrastructure, high tropical disease burdens,
act of terrorism, poverty as well as poor health delivery systems that overrides the global trend
for greater longevity are likely to be among the reasons for low life expectancy in Nigeria.

In this study, the level of adult mortality as measured by the probability of dying (20q15,
35q15, 45q15, 40q30

and

20q60)

which is high but falls consistently between 1991 and 2006 and

lowers among females than males. The sex pattern of adult mortality found in this study has
been established in literature (Rogers et al., 2010; Wisser and Vaupel, 2014; WHO, 2012). The
excess of mortality for men over women is likely to be a result of social requirements and
pressure on men which may drive them to indulge in higher death risk behaviours than women.
In addition, the genetic makeup susceptibility is higher for adult men than adult women in spite
of the diseases and disabilities associated with the reproductive burden in women (WHO,
2012). The adjusted survival probability at age 80 was slightly less than 0.2 for males and
females. There has been consistent reporting of low accuracy of death statistics at ages 80 and
over. In most of the previously constructed LTs, the statistics at these ages have been ignored
because of the errors observed in their estimates (Siege and Swanson, 2004).
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One cannot expect more than a rough idea of the level of mortality from questions on
children ever born and children survival as captured in the Demographic and Health Survey. The
information as provided in the survey are susceptible to errors and as a result estimates
produced from using the information might be a slight deviate from the reality but could stand
as remediation for the challenges posed by incomplete data.

6. Conclusion

The smoothed age distribution revealed significant errors in age reporting in Nigeria and
variations exist by sex. The estimated adult mortality parameters are indication that adult
mortality rate is high in Nigeria but the estimates have reduced considerably between 1991 and
2006. Evidence of higher survival probability among females than males was also found.
Government and international agencies should increase funding for public education and health
programmes in Nigeria. The provision of good health care services and ensuring that individuals
have access to basic formal education are pertinent to improving life expectancy in Nigeria. The
Nigerian vital registration systems should be revamped as this will provide an avenue for the
computation of reliable LTs that can be used to accurately monitor mortality trends. The
construction of regional LT estimates would be an essential area for future research due to
cultural diversities and attitudinal differences among the people living in the geo-political zones
in Nigeria.
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Appendix I: Complete life table for Males and Females in Nigeria 2006
Age
Males
0
1
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

m(x,n)

q(x,n)

l(x)

d(x,n)

L(x,n)

S(x,n)

T(x)

e(x)

a(x,n)

0.1220
0.0135
0.0033
0.0024
0.0036
0.0051
0.0056
0.0064
0.0077
0.0097
0.0126
0.0173
0.0238
0.0347
0.0505
0.0755
0.1154
0.1746
0.2674
0.4089
0.6157
1.8408

0.1128
0.0520
0.0161
0.0118
0.0179
0.0253
0.0275
0.0314
0.0377
0.0476
0.0609
0.0829
0.1126
0.1603
0.2247
0.3179
0.4451
0.5941
0.7554
0.8891
0.9677
...

100000.00
88722.00
84107.30
82750.99
81770.89
80310.05
78274.99
76121.26
73729.68
70947.71
67570.03
63452.25
58194.97
51640.36
43363.49
33621.80
22932.22
12724.72
5165.33
1263.57
140.16
4.52

11278.00
4614.70
1356.31
980.10
1460.84
2035.06
2153.74
2391.58
2781.97
3377.68
4117.79
5257.27
6554.62
8276.86
9741.70
10689.58
10207.50
7559.39
3901.76
1123.42
135.64
4.52

92443.74
342668.28
417145.73
411304.68
405424.79
396626.18
386063.47
374755.28
361894.32
346571.06
327938.17
304630.12
275218.74
238205.54
193014.47
141544.47
88470.83
43299.54
14590.25
2747.54
220.30
2.46

0.8702
0.9587
0.9860
0.9857
0.9783
0.9734
0.9707
0.9657
0.9577
0.9462
0.9289
0.9035
0.8655
0.8103
0.7333
0.6250
0.4894
0.3370
0.1883
0.0802
0.0110
..

5164779.94
5072336.20
4729667.91
4312522.19
3901217.50
3495792.72
3099166.54
2713103.07
2338347.79
1976453.47
1629882.41
1301944.24
997314.12
722095.38
483889.84
290875.38
149330.91
60860.08
17560.54
2970.29
222.75
2.46

51.65
57.17
56.23
52.11
47.71
43.53
39.59
35.64
31.72
27.86
24.12
20.52
17.14
13.98
11.16
8.65
6.51
4.78
3.40
2.35
1.59
0.54

0.33
1.35
2.50
2.50
2.65
2.58
2.53
2.55
2.57
2.58
2.59
2.60
2.60
2.58
2.56
2.51
2.43
2.31
2.12
1.82
1.46
0.54

q(0,5)= 0.15893; q(15,20)= 0.09834; q(15,35)= 0.22402; q(15,45)= 0.36848; q(30,40)= 0.55831; q(60,20)= 0.75359

Females
0
0.1037
1
0.0137
5
0.0033
10
0.0026
15
0.0037
20
0.0048
25
0.0055
30
0.0062
35
0.0071
40
0.0080
45
0.0096
50
0.0131
55
0.0179
60
0.0270
65
0.0402
70
0.0634
75
0.0996
80
0.1555
85
0.2438
90
0.3799
95
0.5848
100
1.8149

0.0971
0.0530
0.0165
0.0128
0.0182
0.0237
0.0271
0.0307
0.0347
0.0395
0.0470
0.0634
0.0857
0.1269
0.1834
0.2747
0.3980
0.5513
0.7222
0.8708
0.9620
...

100000.00
90290.50
85506.01
84091.82
83015.70
81502.16
79566.97
77414.68
75041.85
72441.42
69583.32
66315.34
62113.33
56792.70
49585.54
40490.26
29369.21
17679.68
7932.91
2204.03
284.66
10.81

9709.50
4784.49
1414.18
1076.12
1513.54
1935.19
2152.29
2372.84
2600.43
2858.10
3267.98
4202.00
5320.63
7207.16
9095.28
11121.06
11689.53
9746.77
5728.87
1919.37
273.85
10.81

93604.21
348559.78
423994.57
417768.81
411479.58
402814.39
392545.66
381234.89
368809.10
355198.40
340011.46
321499.78
297872.02
266759.30
226044.78
175278.35
117379.54
62692.46
23498.93
5052.56
468.30
5.96

0.8843
0.9589
0.9853
0.9849
0.9789
0.9745
0.9712
0.9674
0.9631
0.9572
0.9456
0.9265
0.8956
0.8474
0.7754
0.6697
0.5341
0.3748
0.2150
0.0927
0.0126
...

5432572.81
5338968.60
4990408.82
4566414.25
4148645.44
3737165.86
3334351.48
2941805.82
2560570.93
2191761.83
1836563.43
1496551.97
1175052.19
877180.18
610420.88
384376.10
209097.74
91718.21
29025.74
5526.81
474.26
5.96

54.33
59.13
58.36
54.30
49.97
45.85
41.91
38.00
34.12
30.26
26.39
22.57
18.92
15.45
12.31
9.49
7.12
5.19
3.66
2.51
1.67
0.55

0.34
1.37
2.50
2.50
2.62
2.57
2.54
2.54
2.54
2.55
2.58
2.60
2.61
2.61
2.59
2.56
2.48
2.36
2.18
1.89
1.51
0.55

q(0,5)= 0.14494; q(15,20)= 0.09605; q(15,35)= 0.20117; q(15,45)= 0.31588; q(30,40)= 0.47697; q(60,20)= 0.68870
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Appendix II: Complete life table for Males and Females in Nigeria 1991
Age
Males
0
1
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

m(x,n)

q(x,n)

l(x)

d(x,n)

L(x,n)

S(x,n)

T(x)

e(x)

a(x,n)

0.17596
0.02248
0.00482
0.00350
0.00498
0.00710
0.00782
0.00900
0.01070
0.01327
0.01633
0.02174
0.02869
0.04092
0.05792
0.08479
0.12777
0.19011
0.28794
0.43898
0.64084
1.82945

0.15740
0.08488
0.02382
0.01734
0.02463
0.03489
0.03838
0.04404
0.05212
0.06427
0.07854
0.10325
0.13411
0.18602
0.25339
0.34951
0.47964
0.62602
0.78144
0.90483
0.96923
...

100000
84260
77108
75271
73966
72144
69627
66955
64006
60670
56771
52312
46911
40620
33064
24686
16058
8356
3125
683
65
2

15740
7152
1837
1305
1822
2517
2672
2949
3336
3899
4459
5401
6291
7556
8378
8628
7702
5231
2442
618
63
2

89454.20
318101.50
380947.50
373092.50
365524.68
354626.64
341543.86
327539.35
311885.20
293838.53
273014.37
248446.80
219280.34
184671.96
144635.78
101757.88
60280.39
27516.23
8480.84
1407.82
98.31
1.09

0.82
0.93
0.98
0.98
0.97
0.96
0.96
0.95
0.94
0.93
0.91
0.88
0.84
0.78
0.70
0.59
0.46
0.31
0.17
0.07
0.01
...

4426145.79
4336691.59
4018590.08
3637642.58
3264550.08
2899025.40
2544398.76
2202854.90
1875315.55
1563430.34
1269591.81
996577.44
748130.64
528850.31
344178.35
199542.57
97784.69
37504.30
9988.07
1507.22
99.40
1.09

44.26
51.47
52.12
48.33
44.14
40.18
36.54
32.90
29.30
25.77
22.36
19.05
15.95
13.02
10.41
8.08
6.09
4.49
3.20
2.21
1.53
0.55

0.33
1.35
2.50
2.50
2.64
2.58
2.53
2.55
2.56
2.56
2.57
2.57
2.57
2.56
2.53
2.49
2.40
2.27
2.07
1.75
1.40
0.55

q(0,5)= 0.22892; q(15,20)= 0.134656; q(15,35)= 0.292756; q(15,45)= 0.450829; q(30,40)= 0.631305; q(60,20)= 0.794289

Females
0
0.148912
1
0.022717
5
0.005065
10
0.003938
15
0.005312
20
0.006766
25
0.007657
30
0.008693
35
0.009712
40
0.010787
45
0.012332
50
0.016465
55
0.021923
60
0.032841
65
0.047228
70
0.072733
75
0.111485
80
0.170937
85
0.264717
90
0.409641
95
0.607345
100
1.795411

0.13577
0.085729
0.025008
0.019497
0.026226
0.033281
0.037577
0.042551
0.047418
0.052535
0.059861
0.079177
0.104131
0.152167
0.211804
0.308232
0.433874
0.586437
0.752216
0.889431
0.963235
...

100000
86423
79014
77038
75536
73555
71107
68435
65523
62416
59137
55597
51195
45864
38885
30649
21202
12003
4964
1230
136
5

13577
7409
1976
1502
1981
2448
2672
2912
3107
3279
3540
4402
5331
6979
8236
9447
9199
7039
3734
1094
131
5

91174.95
326139.60
390130.00
381435.00
372929.00
361807.00
348951.90
334986.50
319924.40
303972.00
287055.90
267356.60
243170.80
212510.90
174389.00
129886.50
82513.56
41178.94
14105.61
2670.63
215.69
2.78

0.8346
0.934
0.9777
0.9780
0.9702
0.9645
0.9599
0.9550
0.9501
0.9444
0.9314
0.9095
0.8739
0.8206
0.7448
0.6353
0.4991
0.3425
0.1893
0.0808
0.0127
...

4686507
4595332
4269193
3879063
3497628
3124699
2762892
2413940
2078953
1759029
1455057
1168001
900644.3
657473.5
444962.6
270573.7
140687.2
58173.65
16994.72
2889.11
218.478
2.78

46.87
53.17
54.03
50.35
46.30
42.48
38.86
35.27
31.73
28.18
24.60
21.01
17.59
14.34
11.44
8.83
6.64
4.85
3.42
2.35
1.61
0.56

0.350
1.361
2.500
2.500
2.602
2.562
2.536
2.531
2.525
2.527
2.562
2.586
2.598
2.591
2.567
2.527
2.446
2.324
2.131
1.820
1.456
0.557

q(0,5)= 0.20986; q(15,20)= 0.132559; q(15,35)= 0.263967; q(15,45)= 0.392819; q(30,40)= 0.552144; q(60,20)= 0.738291
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Appendix III: Smoothed survival probability using linkage system
Age
x
0
2
3
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

λs

-0.7152
-0.6552
-0.6015
-0.5498
-0.5131
-0.4551
-0.3829
-0.3150
-0.2496
-0.1816
-0.1073
-0.0212
0.0821
0.2100
0.3721
0.5818
0.8593
1.2375

Males’ smoothed survival probability (lx)
l(x1)
l(x2)
l(x)*
l(x)** l(x)***
1.00000
0.85024
0.84630
0.84270
0.83918
0.83663
0.83255
0.82735
0.82234
0.81742
0.81218
0.80633
0.79938
0.79079
0.77979
0.76526
0.74550
0.71772
0.67705

1.00000
0.87185
0.85783
0.84422
0.83014
0.81953
0.80174
0.77778
0.75343
0.72834
0.70061
0.66854
0.62934
0.58001
0.51674
0.43605
0.33702
0.22590
0.12047

1.00000
0.86105
0.85207
0.84346
0.83466
0.82808
0.81714
0.80257
0.78789
0.77288
0.75640
0.73744
0.71436
0.68540
0.64827
0.60066
0.54126
0.47181
0.39876

1.00000
0.86645
0.85495
0.84384
0.83240
0.82381
0.80944
0.79018
0.77066
0.75061
0.72850
0.70300
0.67185
0.63270
0.58251
0.51836
0.43914
0.34886
0.25961

1.00000
0.86915
0.85639
0.84403
0.83127
0.82167
0.80559
0.78398
0.76205
0.73947
0.71456
0.68577
0.65060
0.60636
0.54963
0.47720
0.38808
0.28738
0.19004

Fe ales’ smoothed survival probability (lx)
l(x1)
l(x2)
l(x)*
l(x)** l(x)***
1.00000
0.86669
0.86192
0.85754
0.85320
0.85006
0.84498
0.83847
0.83214
0.82585
0.81913
0.81155
0.80246
0.79113
0.77645
0.75681
0.72971
0.69107
0.63387

1.00000
0.88210
0.86904
0.85632
0.84313
0.83317
0.81642
0.79379
0.77068
0.74675
0.72018
0.68928
0.65126
0.60301
0.54047
0.45961
0.35864
0.24301
0.13095

1.00000
0.87440
0.86548
0.85693
0.84817
0.84162
0.83070
0.81613
0.80141
0.78630
0.76966
0.75042
0.72686
0.69707
0.65846
0.60821
0.54418
0.46704
0.38241

1.00000
0.87825
0.86726
0.85663
0.84565
0.83740
0.82356
0.80496
0.78604
0.76653
0.74492
0.71985
0.68906
0.65004
0.59947
0.53391
0.45141
0.35503
0.25668

1.00000
0.88017
0.86815
0.85648
0.84439
0.83529
0.81999
0.79937
0.77836
0.75664
0.73255
0.70457
0.67016
0.62652
0.56997
0.49676
0.40502
0.29902
0.19382

λ s : Logit of the sta dard; *1st Mean; **2nd Mean; ***3rd Mean
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ABSTRACT

Previous studies from South African censuses and community surveys observed some
errors in reported fertility data. Erroneous data on fertility often produces implausible
indicators which affects decision making processes in policy planning and the review of
programmes. This paper appraises the quality of fertility data from the Community Survey
2016 and employs the Censuses 1996, 2001, 2011 and Community Survey 2007 to determine
consistencies overtime. Demographic techniques of evaluating data were applied to lifetime
and current fertility to measure errors and to indicate ages where errors were more
concentrated. The techniques included were average parities, the Brass P/F ratio method,
parity progression ratios, age specific fertility rates, sex ratio at birth and the relational
Gompertz model. Distributions of women in single ages were inspected and levels of
unspecified parities and childlessness were examined.
There were indications of age heaping and preference at ages ending with 0 and 5.
Data on current fertility conformed to the traditional pattern of fertility distribution amongst
African populations. The pattern of average parities indicated consistencies in reporting
lifetime fertility. Levels of average parities and age specific fertility rates suggested a fertility
decline. The pattern of current fertility and mean children ever born from diagnostic plots of
the relational Gompertz model attested to the declining fertility, however data showed
indications of an overstatement of children ever born by elderly women. In each age group
less than 2% of women did not specify parity.

Key words:
Data quality, fertility, demographic techniques, assessment, South Africa
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1. Introduction

Over the successive censuses conducted in South Africa an assessment of data on
fertility indicated some degree of errors. Various scholars and institutions that evaluated
fertility data found that the data was somewhat defective (Moultrie and Dorrington, 2004;
Udjo, 2014; Statistics South Africa, 2010; 2015). Fertility data from the Community Survey
2016 is no exception. In order to provide users with an acceptable level of accuracy and
confidence when utilizing the data and to explain errors in the results, it is critical that the
data from this survey be evaluated.

In the absence of perfect demographic data, it should be noted that there is still a
degree of uncertainty associated with the estimates of the population and related fertility
indicators within many countries (United Nations, 2017a). This is worrying because the
process of establishing indicators to measure progress in the Sustainable Development Goals
(SDGs) is under way and timely and reliable demographic data is necessary to calculate
indicators and to provide weighting factors to obtain regional or global estimates (United
Nations, 2016).

Reliable information on fertility is essential for describing and assessing sociodemographic circumstances as well as developing sound policies and programmes aimed at
fostering the welfare of a country and its population (United Nations, 2017b). Policy makers
and program planners rely on population projections to assess the future demand for
resources such as food, water, energy, health and education services, therefore fertility data
from censuses provide a basis for assumptions used to project the population (Kaneda and
Bremner, 2014). History has shown that fertility data collected from censuses and surveys
are often distorted due to content errors. Thus, there is a need to critique the quality of
fertility data from the Community Survey 2016.

Fertility estimates could be derived from vital registration systems, censuses,
community surveys and demographic and health surveys (DHS). Vital registration systems
provide continuous statistics at national and lower levels of geography. However, the
completeness levels of these data sources have always been a matter of concern (United
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Nations, 2015). Censuses are conducted decennially and provide amongst others, fertility
data which often suffers from reporting errors (Moultrie and Dorrington, 2008). Similarly,
surveys are susceptible to non-sampling and sampling errors (United Nations, 2005).

In South Africa, the demand for data at lower geographic levels continues to increase.
Community surveys were initiated to bridge the gap between censuses and to provide data
at lower geographic levels. The survey remains one of the main data sources that provides
demographic information that is critical in understanding population-development
relationships. During this survey, data was collected electronically using the Computer
Assisted Personal Interviewing (CAPI) system. The aim of this approach was to improve on
the overall quality of the data collected.

The estimation of past trends of fertility data is usually more complex in countries
where demographic information is limited or lacking. In such cases, more reliable estimates
are obtained by making use of model based methods of indirect estimation (Moultrie et al.,
2013; United Nations, 1983; 2002). A perfect census or survey is impossible and errors
inevitably occur. Nevertheless, figures that are subject to errors are still valuable if the
limitations of the data are understood by the users and if the errors do not affect the use of
the data (U.S. Bureau of the Census, 1985). Similarly, estimating fertility indicators is
challenging for many developing countries because of limited data and varying data quality
issues (Alkema et al., 2012).

Errors in the census results are classified into coverage and content errors. Coverage
errors arise due to omissions or duplications of persons or housing units in the census
enumeration, whilst content errors occur because of the incorrect reporting or recording of
the characteristics of persons, households and housing units (Kordos, 2017). The estimates
derived from recent births are often implausible due to distortions which stems from the
uncertainty of the exact date of birth relative to the reference period and incorrectly moving
birth into or out of the reference period when collecting information on births in the last
twelve months (Spoorenberg, 2015; Gaisie, 2005).
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Lifetime fertility is prone to mortality errors where women report only surviving
children rather than the total number of children they had and not reporting surviving
children living elsewhere (United Nations, 2004). Further, women tend to omit children born
many years previously and children from a previous marriage (ibid). Moultrie (2013a)
observed that the most common errors in fertility data include improbable and implausible
parities relative to the age of the mother. Indications of omission on parity data are detected
by average parities that fail to increase rapidly as age increases (United Nations, 1983).

In many surveys there seems to be a disproportionate tendency for childless women
to be tabulated as "not specified". A plausible explanation for this has been suggested by ElBadry (1961) who argues that interviewers tend to leave blank spaces for recording children
ever born in cases where the true number is zero and such blanks are interpreted as nonresponses. The ambiguity of the response makes it difficult to establish whether the blank
response represent parity zero or is truly unspecified.

The Bureau of Market Research (2017) estimated demographic indicators from the
Community Survey 2016. The study revealed that there were consistencies in reported
fertility data on total children ever born, dead and alive, however demographic techniques
need to be explored to fully assess the magnitude of inherent content errors that could have
resulted from under-reporting or over-reporting of births.

The aim of this study is twofold: firstly, it seeks to assess the overall quality of fertility
data collected in the Community Survey 2016 using demographic techniques and secondly,
to establish whether there was coherence in reported fertility data over time. This assessment
will guide improvements in future censuses and surveys. It will form the basis in deciding
whether the errors are relatively small and not likely to affect conclusions drawn from the
data or the errors are relatively large and therefore inferences should be made with caution.
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2. Data sources
The results are based on the analysis of the Community Survey 2016 data, Censuses
1996, 2001, 2011 and the Community Survey 2007. The Community Survey 2016 used
household questionnaires that collected information on a wide range of topics including
demographic data. Although the methodologies of surveys differs from that of a census, the
sample was robust in its design and large enough to provide a reliable representation of the
whole population. The sample design for the Community Survey 2016 was a stratified singlestage sample design which produced a final sample size of 1 370 809 dwelling units from a
total of 93 427 enumeration areas in the country. Persons who were qualified for
enumeration were all persons present in the households on the reference night (midnight 6
March 2016 to 7 March 2016), including visitors. The units of analysis for this study is 15
080 223 million women aged 15-49. However, for further description on the design see
Statistics South Africa (2016).

3. Methods

The age distribution is the proportionate numbers of persons in successive age
categories in a given population. This distribution often has errors in the form of heaping
where respondents prefer to report ages ending with 0 and 5 and transfers o e’s age group
to another which may not necessarily be the adjacent age group (Udjo, 2014). Data on the
single age of women was distributed to assess these errors.

Average parities have been pronounced as a tool to examine errors in reported
lifetime fertility (Moultrie, 2013a). Average parities derived from parity data serves as input
data when deriving fertility estimates (Statistics South Africa, 2015). The expectation is that
average parities, which are the average number of children dead and surviving to women,
should increase gradually with the age of a woman. A sigmoid pattern of average parities that
is flatter at young and elderly age groups suggests credible data. The United Nations (1983)
computes the measure as:
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P

=

CEB
FP

Where CEB(i) = the number of children ever born by a women in age group i
FP(i) = the total number of women in age group i
i = different age groups considered (15–19 to 45–49)

The P/F ratio method (Brass and Coal, 1968) compares cumulated cohort fertility with
cumulated period fertility based on three assumptions: (a) fertility has been constant during
the recent past; (b) the pattern of fertility is accepted; and (c) younger women report their
fertility more completely than older women. Besides its strength of estimating fertility, the
method can be used to diagnose errors in the data. According to the method, deviations from
unity in the ratio of P to F could be used to understand the data better, and subsequently this
information can be used to derive a better estimate of fertility that corrects for errors in the
reporting of cohort or lifetime fertility (Moultrie and Dorrington, 2008).

The P/F ratio method suggests that if fertility has remained constant over an extended
period of time and is the same for women who survive and do not survive to the time of the
survey, the ratio should, without errors be equal to one. When fertility is changing, the
deviation from unity could be ascribed to reporting errors (Moultrie, 2013c). If the P/F ratios
are greater than unity, it is assumed that there is under-reporting of current fertility relative
to lifetime fertility and vice versa for P/F ratios that are lower than unity. When fertility is
declining, period fertility will, under the condition of complete reporting of births be lower
than lifetime fertility and one would expect P/F ratios that increase with the age of the
mother. The population analysis spread sheet of the original Brass P/F ratio was used to
produce ratios. This spreadsheet calculates fertility based on the Trussel variant of the Brass
P/F ratio technique as:

P/F ratio =

F
P

Where Pi = reported average parities
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Fi = estimated parity equivalents
The average parity equivalents are estimated by interpolation using the observed period agespecific fertility rates f(i a d u ulated fertilit

alues Φ i) as follows:

F(i = Φ i-1) + af (i) + bf ( i+1)

Where a and b are coefficients for interpolation between cumulated fertility rates to
estimate parity equivalents (United Nations, 1983, 34).

To assess whether parity unstated is in fact parity 0 or not and to determine the
pattern and level of childless women, the proportion of unstated parity (Ui) and parity zero
(Zi) were calculated using the following computations:
a. Ui =

N ,u
N

where Ui = proportion of women in age group i with unstated parity
Ni,u = number of women in age group i with unstated parity
Ni = total number of women in age group i

The quality of data becomes an issue of concern when proportions of unspecified
parity are over 2% in each age group. In such cases, the El-Badry correction is employed to
detect and correct distorted parities (Moultrie, 2013d). This method is used to apportion the
number of women whose parity is recorded as unspecified. Should a linear relationship not
be observed, women of unstated parity should be included in the female population
denominator when calculating average parity:

b. Z =

N,
N

where Zi = proportion of women in age group i who are reported childless
Ni,0 = number women in age group i with parity zero
Ni = total number of women in age group i
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Childlessness is defined as women who has not had a live birth, regardless of whether
it is intentional or not (United Nation, 2014). Bhrolcháin et al. (2011) noted that the
misreporting of childlessness is usually severe at ages 35 to 49, this is certain because any
undeclared children of the oldest women will be likely to be living elsewhere. Data on fertility
seems to be realistic if the pattern of the proportion of women who are childless (Zi)
decreases with the age of the women and the level of childlessness for older women (45-49)
is less than 10%.

Should the proportion of childlessness exceed this level, further

investigation needs to be conducted.

Assessment of fertility data through the use of parity progression ratios and their
projected equivalents provides information on childbearing trends and can be used as a tool
to assess changes in the parity distribution of fertility (Moultrie and Zaba, 2013). The parity
progression ratio (PPR) is the proportion of women of a given parity (j) who go on to have
another child (j+1) (Feeney and Yu, 1987; Preston et al., 2001). Some parities may be likely to
have data errors caused by women who suffer from memory recall and thus forget to report
all of the children they ever had. Data is assumed to be reasonable if parity progression ratios
PPR’s de rease ith a i reasi g parit . According to Hinde (1998), the ratio is estimated
as:

a =

� +
n

Where aj is the PPR from j births to j+1 births
Nj+1= Number of women who have a (j=1)th child
Nj=Number of women who have a jth child

Sex ratio at birth (SRB) refers to the number of male live births for every 100 female
live births (Hesketh and Xing, 2006). The SRB is estimated to be 105 and can be expected to
be lower in African populations, closer to 103 or 100 in some cases (Chemhaka et al., 2016).
The SRB outside this range is suggestive of sex-selective abortion, infanticide, or reporting
problems (Moultrie, 2013b). The under-reporting of female births has been identified as one
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of the errors that bias sex ratio estimates (Zhang and Zhao, 2006). The computation of SRB is
as follows:

SRB =

Male births
×
Female births
In Africa, patterns of age specific fertility rates suggest that the age pattern of fertility

is usually fairly accurate although frequently under-reported (United Nations, 2004). Age
specific fertility rate is a quotient of the number of births to women in a specified age group
and the number of women in the same age group. A typical pattern of age-specific fertility
rate is characterised by a right-skewed concave shape showing lower fertility rates for older
women nearing the end of childbearing (Chemhaka et al., 2016). In between, a peak of
childbearing is observed especially prior to the age of 30. Data on current births is considered
to be plausible if the schedule of age specific rates resembles the pattern.
The age specific fertility rate is calculated as:
ASFR� =
Where:

B�
×
Ea

Ba = number of births to women in age group a in a given year or reference period.
Ea = number of person-years of exposure in age group a during the specified reference period.

The relational Gompertz model was adopted to estimate the total fertility rate. The
estimate was compared with that from other sources of data to establish if it supports existing
fertility decline. Gompertz Relational model is a conceptual improvement of the P/F ratio
method first proposed by Brass (1978) and subsequently refined by others (Booth, 1979;
1984; Zaba, 1981). The standard employed is the default fertility standard produced by Booth
and modified by Zaba (1981) and is suitable for high and medium fertility populations. The
method remedies errors associated with the inclusion and exclusion of current births, the
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under-reporting of lifetime fertility and errors of age reporting among older women (Timæus
and Moultrie, 2012). The tool for its application is obtained from Moultrie (2013e).
The equation of the model is:

� � = �. � −�

− [ + �� � ]

Where F(x) is the cumulated age specific fertility rate up to age x and F represents the
total fertility rate, Ys(x) is defined as –ln [–ln Fs(x)/F] where Fs(x) is a standard cumulative
fertilit rate up to age . β is a measure of the spread of childbearing whilst α i di ates the
location of timing of childbearing (Brass 1981). Further description of the model is found in
the United Nations Manual X (1983, pp 25-26). Fitting the relational Gompertz model to
current and lifetime fertility detects errors in fertility data (Udjo, 2005). The formula is given
as:

z x − e x = � + βg x +

c

β−

2

where z(x) is −In [−In F� /F �+5 ]

where Fx is cumulated age specific fertility up to age x, e(x) and g(x) are tabulated standard

values (see Booth, 1979).

Mean parities were calculated as:
z(i) is −In [−In P� /� �+ ]

Where Pi is the mean parity at age group i (see Brass, 1981).

4. Results

4.1 Visual inspection of age distribution of female population in single years

Figure 1 shows a plausible pattern of a population age distribution of the female
population that gradually declines with increasing age. The pattern of distribution suggests
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possible anomalies on reported age. The troughs and the peaks that are evident in the
distribution highlight age heaping or age preference particularly at digits ending with 0 and 5.

Figure 1: Distribution of female population in single years, Community Survey 2016

4.2 Age specific fertility rate

The pattern of age specific fertility rates from the Community Survey 2016 shown in
Figure 2 appears to be plausible with the exception of irregularities observed amongst women
aged 35-39 to 45-49. In contrast with the South African Demographic and Health Survey
(SADHS) 2016 it was observed that there was a possible over-reporting of current births
amongst women in these age groups. The shape of the age specific fertility rate from the
Community Survey 2016 compares well with that from other data sources where fertility
peaks at age 20 and begins to decline from age 30.
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ASFR

Figure 2: Age specific fertility rate, Community Survey 2016 and other sources
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4.3 Observed and adjusted age specific fertility rates

A comparison between adjusted age-specific fertility rates from the relational
Gompertz model and observed age-specific fertility rates from the Community Survey 2016
indicates a similar pattern of fertility behaviour. Nonetheless, the divergence between
observed and adjusted age specific fertility rates from ages 15-19 to 20-24 indicate underreporting of current births amongst these women. Data on current births is free from errors
when there is no noticeable difference between observed and adjusted fertility age specific
fertility rates. See Figure 3.
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Figure 3: Observed and adjusted age specific fertility rates, Community Survey 2016
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4.4 Average parities

Reported data on lifetime fertility from the five data sources are presented in Figure
4. Average parities from the Community Survey 2016 are thought to be consistent since the
average parities increase with the age of a woman. The levels of average parities across age
groups are lower than levels observed in the preceding censuses and the community survey
thus confirming declining fertility. Errors of under reporting were evident amongst women
aged 40-49. In the Community Survey 2016 women aged 45-49 reported an average parity
(2,49) that was less than the level reported in 2011 (2,69) when they were between 40 and
44 years old of which given the timing, it cannot be so.
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Figure 4: Observed average parities, Community Survey 2016 and other sources
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4.5 The age distribution of women by parity (15-49)

Moultrie (2013a) noted that if the number of women with an unstated parity in all age groups
is less than 2% of the total women, then the error is unlikely to have a significant impact on
the derived average parities. Table 1 indicates that in 2016 there were less than 2% of women
in each age group who did not specify parity. This is indicative of plausible parity data. There
should be around 3-10% of women remaining childless in the oldest age group (45-49) (ibid).
Contrary to this, the results show that 17,9% of women aged 45-49 reported to be childless
thus signifying irregularities in the data.
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Table 1: Distribution of women 15-49 by parity, Community Survey 2016
Age of the women
Parity

15-19

0

20-24

25-29

30-34

35-39

40-44

45-49

2249428 1434228 883009

546320

406817

300920

255051

1

269736

881680

844754

529020

335807

229555

172992

2

22193

268848

603132

654662

534925

422236

330515

3

1787

45142

210061

350775

381266

337113

288351

4

370

5921

49979

125161

171845

183389

178016

5

0

743

10600

38123

64550

87505

94693,5

6

0

149

2393

11235

24247

40200

49396

7

0

0

398

2991

9176

17319

23402

8

0

0

105

879

3159

7557

11412

9

0

0

0

260

1080

3207

5559

10

0

0

0

92

438

1501

2594

11

0

0

0

0

72

518

1081

12

0

0

0

0

107

178

592

13

0

0

0

0

0

64

232

14

0

0

0

0

0

27

175

15

0

0

0

0

0

0

77

16

0

0

0

0

0

0

13

17

0

0

0

0

0

0

9

Unspecified

5626

6749

9815

8406

9676

7826

9014

Total women

2549139 2643462 2614246 2267924 1943165 1639114 1423174

Percentage
childless

88,2

54,3

33,8

24,1

20,9

18,4

17,9

0,22

0,26

0,38

0,37

0,50

0,48

0,63

Percentage
unspecified
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4.6 Trussell variant of the Brass P/F ratio

The pattern of P/F ratios in Figure 5 are above unity, indicating over-reporting of births
in the last twelve months compared to children ever born. It also exhibits the ratios that
decrease with the age of the mother for women aged 15-19 to 35-39. These ratios indicate
reporting errors since the shape of the ratios suggests increasing fertility.

P/F ratios

Figure 5: P/F ratios by provinces, Community Survey 2016
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4.7 Parity distribution of women 40-45

Relative to parity distributions of women from other sources, the distribution from
the Community Survey 2016 shows possible errors since more than 10% of women reported
parity 0. Further, based on available information on the mean age at first birth and the birth
intervals in South Africa, a maximum of 9-12 births is more realistic nonetheless, exceptions
for reporting until parity 17 was permitted. The Community Survey 2016 fertility data
indicates plausible parities that ranged between 0 and 12.
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Figure 6: Parity distribution for women aged 45-49, 1996-2016
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(e)
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4.8 Sex ratio at birth

Sex ratio at birth from the Community Survey 2016 is almost at 100 (103 males per
100 females) (Figure 7). Except for probable errors of reporting children in the last twelve
months in the Community Survey 2007, the sex of infants from the Community Survey 2016
data is likely to be fairly reported as the sex ratio evolves around 100 and it is within the
acceptable range.

Figure 7: Sex ratio at birth, 1996-2016
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4.9 Parity progression ratios

Figure 8 indicates a smooth pattern of decreasing parity progression ratios that
decreases with parity with the exception of parity 4 and 11. The trivial peak observed at parity
11 suggests possible errors in reported parity.
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Figure 8: Parity progression ratios for women aged 45-49, Community Survey 2016
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4.10 Diagnostic plots of the relational Gompertz model

When fitting the relational Gompertz model to current births (F) and children ever
born (P) in the Community Survey 2016 all points except for age group 45-49 were included
in the model to provide a good-fit. The values of α and β o tai ed fro

the

odel represent

the best-fitting line joining the remaining P-points and F-points. The parameters used to
estimate the regression line are α = - ,

a d β= ,

estimated ranges of - . < α < . , a d . < β < .

. These para eters lie ithi the
Moultrie,

e . The value of α

indicates that childbearing was concentrated at later ages whilst beta suggests that fertility
was widely spread across age groups. Results in Figure 9 indicate that all the F-cumulants lie
above the P-cumulants signifying a declining trend of fertility. The curving downward trend
of the P-points shows some degree of overstatement of children ever born by elderly women.
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Figure 9: Fitting the relational Gompertz model to current births (F) and children ever born
(P), Community Survey 2016
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4.11 Comparison of total fertility rates

Total fertility rate observed in the Community Survey 2016 is 2,33 (Figure 10). Except
for the slight increase of total fertility rate in 2007, the 2016 total fertility rate estimate
corroborates the downward trajectory trend of fertility in South Africa. There seems to be
inconsistencies when comparing the total fertility rate from the SADHS 2016 (2,6) and the
Community Survey 2016 (2,33) nonetheless, the indicators show a declining trajectory trend
of fertility.
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Total fertility rate

Figure 10: Total fertility rates
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5. Discussion

Inspection of the graph on age plotted in single ages is a good indicator of data quality
and consistency checks (Pardeshi, 2010). There was evidence of preference for digits ending
with 0 and 5. This is indicative of possible errors of age reporting. The problem of age heaping
could be ascribed to both self-reporting and proxy reporting of age. Individuals lacking
knowledge of their age instead choose a figure they think plausible. These respondents do
not choose randomly but have a systematic tendency to prefer attractive numbers such as
those ending in 0 and 5 (ibid).

The results from the study indicate a sex ratio at birth of 103 males per 100 females.
It is therefore consistent with the sex ratio at birth observed in the country from as far back
as 2003 where the proportion of male infants has been exceeding that of female infants
(Statistics South Africa, 2018).

The pattern of age specific fertility peaked at age group 20-24 and the observed shift
contradicts the historical levels. From 1980 to 2001 the peak of childbearing evolved around
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25-29 years (Sibanda and Zuberi, 1999, Moultrie and Timaeus, 2002). The deviation from the
expected pattern may be a consequence of many factors such as tempo effects where the
timing of childbearing temporarily changes or possible data errors of reporting current births.

The average parities observed from the study conform to the expected pattern as they
increase with the age of the mother. This indicates that data on lifetime fertility was not
distorted and less likely to affect the fertility estimates. In some specific cases, average
parities for women aged 40–44 and 45–49 may actually fall below those for women aged 35–
39 even when there is no reason to suppose that fertility has been increasing (Chamhaka et
al., 2016), however the pattern observed from the Community Survey 2016 does not indicate
such an error.

Further analysis of cohort average parities indicates that women aged 45-49 in the
Community Survey 2016 reported average parity that is less than the average parity reported
by women aged 40-44 in census 2011. The finding agrees with what is prevailing. It is
documented that women at these age groups often report incorrect parities due to memory
recall (United Nations, 2004). A decrease in average parities from preceding censuses to the
Community Survey 2016 indicates a fertility decline. This holds true for the country because
there is empirical evidence on the fertility decline in South Africa.

If a high proportion of women with an u k o

u

er of hildre ever born are

included in the denominator but not in the numerator when calculating average parities, the
calculated average parities will be underestimated (EI-Badry, 1961). Using the Community
Survey 2016 data the study found that in each age group, less than 2% of women did not
specify parity. Further, the proportion of women who were childless decreased with age of
the women but data was erroneous amongst women aged 45-49 whose level of childlessness
was 17,9%.

Parity progression ratios have been applied to describe the changes in fertility and to
assess the quality of survey data (Pullum, 2004). The study of Lerch and Spoorenberg (2017)
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that reviewed the fertility transition in Sub-Saharan Africa using parity progression ratios
found that there was an underestimation of fertility in the years immediately before the
survey that resulted in parity progression ratios which increased with parity.

The current study indicated a smooth pattern of decreasing parity progression ratios
that decreased with parity with the exception of a slight increase of ratio at parity 11. Further,
a decline of parity progression ratios with parity indicates a decrease in the total number of
children, thus demonstrating fertility decline in the country.

Results of P/F ratios indicate that current births were underreported relative to
lifetime fertility. The finding concurs with existing empirical literature for example,
Schoumaker (2012) conducted a study on omissions of recent births data from Sub-Saharan
Africa and only one did not indicate omissions of recent births. Also, Hill (2013) noted that
one of the main source of error in reporting current births is the reference period. Births that
occurred in the year before the survey are reported to have occurred in the previous year by
interviewers. As a result, there is a significant shortage of births in the year preceding the
census and a surplus in the year before the cut off. This kind of error is inevitable in most
censuses (Pullum at al., 2013).

The pattern of P/F ratios show a declining trend for young women aged 15-19 to 3539 and an increasing pattern for elderly women. A declining trend in P/F ratios by the age of
women suggest that fertility has been increasing (Gaisie, 2005). This declining pattern
amongst young women suggests a fertility increase and given the literature on the fertility
transition in the country, the results might be ascribed to errors of reported current fertility.
On the other hand the rising trend of the P/F ratios with the age of a women indicates that
fertility could have been decreasing in the past (Spoorenberg, 2015). This concurs with the
pattern of P/F ratios amongst elderly women that increases with age.

The analysis of the plots from the relational Gompertz model shows the F-cumulants
which lies over the P-cumulants. The finding corresponds with the study of Moultrie (2013e),
who noted that when there is a fertility decline in the past the F-cumulants always lie above
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P-cumulants. In addition, diagnostic plots show that P-points that curve downwards for
elderly women. The pattern is suggestive of over reporting of children ever born at these ages.
The finding concurs with the study of Udjo (2005) who revealed that P-points that curve
downwards amongst non-African women indicate some degree of an overstatement of
children ever born.

The paper contributed to the existing literature by revealing that errors in fertility data
still persist. It has provided answers on whether or not data from the Community Survey 2016
is credible enough to derive fertility estimates. The estimate produced from the Community
Survey 2016 data suggests that even though there is evidence of errors in the data, the fertility
estimate attest to the declining fertility in South Africa. Fertility indicators produced from
reliable data are critical in monitoring developmental programmes and interventions.

6. Conclusion

The ongoing reproductive transition in South Africa, particularly the spatial distribution of
fertility has far reaching implications for social and economic development. The report noted
that generally, there were some data quality issues in the Community Survey 2016 fertility
data. Distortions in the data poses risks of underestimation or overestimation of fertility
indicators which misinform the processes of policy planning and programme interventions.
The results highlight the need for Statistics South Africa to put more efforts on census taking
and to learn from previous lessons to improve the quality of data. Nonetheless, the
organisation has adopted the new strategy of data collection in an attempt to produce more
reliable data.
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ABSTRACT

In Africa, reducing the levels of child mortality is still a priority, therefore it is
important to continually monitor the leading determinants of child mortality. Producing
child mortality estimates at a national level is equally important as producing estimates at a
provincial level. The objective of this study is to estimate levels and determinants of underfive mortality in South Africa. Using the Community Survey (CS) 2016, the national infant
mortality rate (IMR) and the under-five mortality rate (U5MR) of South Africa were
estimated at 55.1 and 76.1 per 1000 live births respectively. This is relatively high for a
country such as South Africa that holds the status of a middle-income country. Additionally,
the estimates revealed significant differentials among provincial estimates suggesting that
there are still pre-existing inequities, inequalities and internal challenges between
provinces. It is also evident that child mortality is higher among those with a lower socioeconomic status and a lower educational attainment. Equally, there are also disparities in
socio-demographic variables such as race and province of residence. The findings of this
study suggest that implementing specific policies and strategies at the provincial level may
lead to a reduction of child mortality in South Africa.

Key words:
Child mortality, infant mortality, provincial, determinants, South Africa
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1. Introduction

There has been significant progress in reducing child mortality worldwide however,
there are still millions of children that die every year. Child mortality levels are key
indicators of well-being, as well as more broadly reflective of the social and economic
development of a country. High child mortality rates within a country indicate the limited
access that children have to basic health interventions such as vaccinations, primary medical
treatment, adequate nutrition and clean water and sanitation (UN IGME, 2018). Disparities
and inequalities in child health and child mortality is a growing concern for the international
public health community (Brockerhoff and Hewett, 2000; Mosquera et al., 2012).

According to estimates produced by the World Health Organization (WHO) there
were 5.9 million deaths among children under the age of five in 2015 (You et al., 2015). The
United Nations stipulates that there has been a distinctive decline in child mortality in South
Africa from 61 deaths per 1000 live births in 1990 to 45 deaths per 1000 live births in 2012
(UN IGME, 2013). Although the decline is significant, the progress of the country in reducing
child mortality is relatively low compared to many other countries with similar
developmental levels as South Africa (Black et al., 2010; Boschi-Pinto, Velebit and Shibuya,
2008). The world has made substantial progress in reducing the under-five mortality rate
(U5MR) by 47% in the period 1990-2012 whereas South Africa has attained a reduction of
approximately 26%, which is why Millennium Development Goal (MDG) 4, of 18 and 20
deaths per 1000 live births for infant and under-five mortality was unachievable by 2015
(Statistics South Africa, 2013). Although HIV/AIDS is usually the main reason for this low
performance, the role of socio-economic determinants should not be ignored, especially
since there was a significant decline in HIV related deaths after the commencement of
initiatives such as the prevention of mother- to-child transmission (PMTCT) (Dorrington et
al., 2006; Nannan et al., 2012; Kerber et al., 2013).

In Africa, developing appropriate policies and strategies is constrained by a lack of
reliable child mortality data and statistics, particularly in the least developed countries that
have the highest levels of child mortality (Garrib et al., 2006). Despite the fact that there
have been substantial improvements in the registration of child deaths during 1997–2007,
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reaching levels of 90% completeness for infants and 60% for children aged 1–4 years, South
Africa cannot use vital statistics to measure child mortality without adjusting for it because
vital registration is often incomplete and many deaths, particularly among the poorest
families, are not recorded. Therefore, monitoring child mortality rates poses a challenge for
low- and middle-income countries such as South Africa (Nannan et al., 2012).

While it is evident that some provinces in post-apartheid South Africa have
prospered both socially and economically, there is a notable variance between the
provinces (Cameron, 2003). Therefore, an empirical study on the impact of socio-economic
determinants on child survival will be important for policy-makers and relevant government
bodies. In order to further reduce child mortality, monitoring of the Sustainable
Development Goals (SGDs) and the National Development Plan (NDP) requires that from
time to time as relevant data becomes available, new demographic estimates should be
prepared and produced to observe the trends and changes in demographic and population
statistics, such as child mortality, so that appropriate policy and interventions can be
executed timeously. Investing in the health and wellbeing of the children of South Africa is
an investment for the future development of the country. Therefore, the aim of the study is
to estimate the levels and determinants of under-five mortality in South Africa.

2. Data and methods

2.1 Data Source

This research relies on the Community Survey (CS) 2016 to explore the levels and
determinants of under-five mortality in South Africa. The CS 2016 is the second largest
survey undertaken by Statistics South Africa following the one conducted in 2007. The
survey remains one of the main data sources that provides indicators at national, provincial
and municipal levels for planning and monitoring the performance of specific development
programmes such as education, health, sanitation, water supply, housing and transport. In
addition, the survey provides demographic information that is critical in understanding the
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population-development nexus. The CS 2016 bridges the data gap between Census 2011
and the upcoming Census 2021 (Statistics South Africa, 2016b).

The CS 2016 is based on a single-stage sample design whereby all eligible Census
2011 enumerated areas (EA) were included in the initial frame and a selection of dwelling
units (DU) within the eligible EAs was taken based on the sample design. EAs which do not
include any DUs as part of the target population were excluded from the sampling frame,
including those EAs with a very small number of eligible DUs. The EAs in the congested
informal settlements were sub-divided into smaller parts called segments for ease of
location and identification of structures during data collection. One or more segments were
selected based on the required EA sample size. The dwelling units were then sampled from
the selected segment(s) using the systematic sampling technique, and this resulted in a two
stage design for EAs in the informal settlements (Statistics South Africa, 2016b). The final
sample size for CS 2016 was 1 370 809 DUs sampled from a total of 93 427 EAs in the
country.

2.2 Demographic estimation

The infant mortality rate (IMR) and U5MR were calculated using indirect methods of
estimation. The indirect method of child mortality requires less detailed information that is
available. This information is needed for the use of indirect methods which consists of the
total number of children born to each woman, the number of children who survive and the
o a ’s age. The i dire t

ethod of hild

ortality uses the Brass

ethod, hi h o erts

the proportion of reported dead children to women in age groups 15–19, 20–

,… a d

–

49 into estimates of the probability of dying before attaining certain ages. The Brass method
assumes that the age of the mother can serve as a proxy for the age of her children and thus
for how long the children have been exposed to the risk of dying. Despite requiring minimal
data collection efforts, the indirect method involves the use of model life tables to adjust
the data for the age pattern of mortality in the general population.

The children ever born/ children surviving technique has evolved with each new
refinement over the years (Brass, 1975; United Nations, 1983). One can use this method

68

Southern African Journal of Demography
Volume 19 (1), June 2019

together with model life tables to determine mortality levels and trends over time. The type
of input data needed is children ever born classified by five-year age groups of the mother;
children surviving or dead classified by five-year age groups of the mother as well as women
classified by five-year age groups (United Nations, 1983).
The first step of the computational procedure is to calculate the average parity per
woman. Parity P(1) refers to age group 15 – 19, P(2) to 20 – 24 and so forth.
P(i) = CEB(i) / FP(i)
CEB(i) denotes the number of children ever born by women in age group i, and FP(i)
denotes the total number of women in age group i. It should be noted that variable i refers
to the different five-year age groups considered, thus the value i = 1 represents age group
15 – 19 and so on.
The proportion of children dead, D(i), is defined as the ratio of reported children
dead to reported children ever born. If we denote the total number of women in age group i
by W (i), the number of children ever born to the women in age group i is denoted by CEB(i)
and those children who have died is denoted by CD(i), then the proportion of children dead,
D(i) is given by:
D(i) = CD / CEB(i)
The age pattern of child mortality has an important bearing on the translation of
proportion dead into a standard nq0, and on the translation of that nq0 into a common index
such as U5MR. A perfect fit of the data to any model is unlikely; however, one should select
the model that best represents the range of observations available.
The Trussell variant is described as the most successful model and these correction
factors have been found to be superior to both Sullivan's and Brass's correction factors
(Adegbola, 1977). The correction factor for the Trussell variant of the Brass technique is
given by:
k(i) = a(i) + b(i) (P(1) / P(2)) + c(i)(P(2) / P(3))
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where a(i), b(i) and c(i) are coefficients derived from the Princeton West model life
table. An incorrect choice of the model life table will result in unreliable estimates.
Additionally, the reliability of the estimates depends on the quality of the data. The period
of the children's exposure to the risk of dying depends on the mother's age and any
misreporting of the mother's age may result in biased mortality estimates being obtained.
The Princeton West model life table was seen as the best fit model life table for the South
African population.
Subsequent to this, probabilities of dying, q(x), are obtained from different values of
exact age x as the product of reported proportions dead, D(i), and the corresponding
multipliers, k(i). This is denoted by:
q(x) = k(i) x D(i)
Once q(x) is estimated, its complement l(x), the probability of surviving from birth to exact
age x, is readily obtained by:
l(x) = 1 – q(x)

2.3 Description of the study variables

2.3.1 Outcome/ dependent variable

The outcome variable of this study was the experience of a child death. Section F of
the CS 2016 regarding fertility was asked only to females between the ages of 12 and 50
years in the sampled dwelling unit. The first step in investigating child mortality outcomes
involves establishing how many total children were ever born alive to women aged 12 – 50
years old. This referred to all children born to a woman, whether in or out of marriage,
whether born in a present or a previous marriage or union, and whether living or dead at
the time of the survey (Statistics South Africa, 2016a). Females who had ever given birth
were asked: How many children has (name) ever given birth to that were born alive? .

Total children ever born must equal the sum of total children surviving and total
children no longer alive. This will allow for data quality checks. Females who had ever given
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birth were asked: Ho

a

of

a e ’s childre are still ali e? . Only biological children

were included. All biological children that were still alive, either still living in the household
or adults, as well as children living elsewhere were included (Statistics South Africa, 2016a).

Alternatively, one could use the question that refers to children no longer alive. This
question was asked to females who had ever given birth. The enumerator was instructed to
exclude stillbirths (i.e. children born dead) and miscarriages, and to include only biological
children (i.e. children the female gave birth to) (Statistics South Africa, 2016a). Females who
had ever given birth were asked: Ho

a

of

a e ’s childre are o lo ger ali e? .

The manipulation of the above stated questions allowed for the construction of the
dependent variable.

2.3.2 Explanatory/ independent variables

It is imperative to state that the independent variables of interest were obtained at
an individual level and these are the attributes of the mother. There is the assumption that
the attributes of the mother (such as population group) is directly correlated to the
attributes of the child. The key independent variable is province of residence. Other
explanatory factors that were included in data analysis were population group, socioeconomic status, level of educational attainment and urban/rural residence.

Province of residence

Province is a key independent variable in this study. It should be noted that the other
variables are control variables. This will enable the data analysis to isolate the impact of
socio-economic status by province in order to provide a clearer representation of provincial
estimates of under-five mortality. The CS 2016 asks respondents: In which province does
name usually live? .
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Mother’s Education

Education is one of the most important components of human development as it
sets the foundation for other interlinking aspects. Individuals with a higher level of
education are more likely to engage in health-promoting behaviour and lifestyles, have
higher employability and better economic conditions (Sanchez-Vaznaugh et al., 2009). The
CS 2016 asks: What is the highest level of education that (name) has successfully
completed? .

Place of residence/ Rural-urban

Place of residence can have a significant impact on the health status of individuals. It
often determines access to health care, resources, and living conditions and so on (KuateDefo, 2006). In South Africa this is divided between rural, metropolitan and urban as well as
non-metropolitan areas, disaggregated by province. The CS 2016 denotes geographical type
into three distinguishable categories: Urban areas, tribal/traditional areas and rural areas.

Race/ Population group

Population groups within South Africa are divided into four categories, which are
African, Coloured, Indian/Asian and White. The demographics section of the CS 2016 asks:
What population group does (name) belong to? .

Socio-economic status

A socio-economic status indicator was obtained through the application of principal
component analysis (PCA). PCA is a statistical generation of a socio-economic status
indicator. Variables that were used from the CS 2016 were inclusive of: piped water, flush
toilet, electricity, refrigerator and possession of a motor vehicle. Variables such as piped
drinking water to residence and a flush toilet facility that leads to a sewer would attain a
higher socio-economic status score and households without would attain a lower socioeconomic status score. See Appendix 1 for the factor scores obtained for PCA.
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2.4 Statistical analysis

A negative binomial regression was used to produce estimates for this study. As
assumed for a negative binomial model the response variable, or dependent variable, is a
count variable therefore the negative binomial model, as compared to other count models
is assumed to be the most appropriate model (Lawless, 1987).
In a negative binomial regression, the mean of y is determined by the exposure time
ti and a set of k regressor variables (the ’s). The expression relating these quantities is
�� = �xp (ln(��) + �1�1� + �2�2� + ⋯+ ����i)
Often, � ≡ , i

hi h ase β1 is called the intercept. The regression coefficients β1,

β , …, βk are unknown parameters that are estimated from a set of data. Their estimates
are symbolized as b1, b , …,bk (Cameron and Trivedi, 2001; Fitriyah et al., 2015).

3. Results

3.1 Socio-demographic characteristics of the study sample

The research aim is to estimate levels of child mortality within South Africa
therefore, the study population is women aged 15 – 34 years old who have given birth to
children. The study sample was restricted to women aged 15-34 years old because it is
assumed that women above the ages of 35 years old are less likely to have a child under the
age of 5 years old. Women above the age of 35 are more likely to have adolescent children.
The study sample obtained from the CS 2016 is 592 290 females of reproductive ages 15 –
34 years. This sample will then represent 10 074 770 of the female population aged 15 – 34
years old within South Africa.

Table 1 is indicative of the number of cases and percentage value of the study
population. The study population is comprised of those females aged 15-34 within the South
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African population who has answered specific questions pertaining to child survival and
child death in the CS 2016. Table 1 also provides the weighted values of the study
population relative to the entire South African population.

Table 1: Percent distribution of the study sample by age category
Age category

Frequency

Weighted frequency

Percentage

15-19

152 118

2 549 139

25.68

20-24

153 085

2 643 461

25.85

25-29

150 868

2 614 246

25.47

30-34

136 219

2 267 924

23.00

Total

592 290

10 074 770

100.00

Own calculation from CS 2016

Table 2 provides a summary of the distribution of the study sample for each
independent variable. The estimates in Table 2 are obtained at an individual level and these
are the attributes of the mother. There is the assumption that the attributes of the mother
(such as population group) is directly correlated to the attributes of the child. Table 2
provides the summary statistics of the distribution of the study sample for each
independent variable.
The population in Table 2 are inclusive of women of reproductive age (15 – 34 years)
that have given birth to children. The interest is on this particular sample of women as the
dependent variable (the experience of the death of a child under the age of five) will be
derived from the reports from these women. From the results presented below it is evident
that the majority of the females in each age category had a secondary education and lived in
urban areas. Most females were within the middle socio-economic status category whereas
relatively fewer females were in the low or high socio-economic status category. It is also
observed that the Northern Cape and the Free State had relatively fewer women aged 15-34
in the population in comparison to provinces such as KwaZulu-Natal and Limpopo.
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Table 2: Percentage distribution of the female population aged 15-34 by background
characteristics.
Age category
Demographic

Sub-category

15 – 19

20 – 24

25 – 29

30 – 34

Education

Primary

203 785

98 707

122 724

141 566

2 280 700

2 221 582

2 059 703

1 729 982

26 462

239 468

332 460

295 388

2 140 964

2 227 495

2 218 969

1 881 981

White

143 231

149 321

142 083

140 375

Indian/Asian

48 322

52 797

55 867

57 911

Coloured

216 622

213 849

197 328

187 658

Urban

1 422 167

1 643 029

1 703 554

1 509 937

Rural

1 126 972

1 00 432

910 693

757 987

Low

590 627

592 416

539 292

438 539

1 254 188

1 319 161

1 308 083

1 093 773

High

460 061

473 856

510 203

516 188

Northern Cape

57 261

53 071

52 412

48 474

Eastern Cape

391 116

352 277

312 803

270 204

Western Cape

249 027

280 915

275 584

254 717

Limpopo

327 589

295 256

275 518

234 087

Mpumalanga

210 042

214 364

218 769

178 800

Free State

134 975

134 987

137 013

121 229

KwaZulu –
Natal

538 265

543 645

529 822

446 915

Gauteng

470 345

601 422

645 173

564 309

North West

170 518

167 526

167 153

148 469

Secondary
Tertiary
Race

Place of
Residence

Socio-economic
status

Black/African

Middle

Province

Weighted: Own calculation from CS 2016
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3.2 Estimates of IMR and U5MR

Table 3 is composed of the IMR and the U5MR by province. The implied estimates in
infant and under-five mortality that is presented in Table 3 suggests that child morality for
the period 2016 is still relatively high especially for a country like South Africa that has made
major developmental progress in the health sector. The estimated levels of IMR and U5MR
might seem exceptionally high for some provinces. This is not surprising as some provinces
are confronting more challenges of limited healthcare provision, resources and
infrastructure in comparison to other provinces within South Africa. Table 3 shows that for
Gauteng all of the under-five deaths are attributed to infant deaths, estimated at 18 deaths
per 1000 live births. This is significantly different in comparison to the rest of the provinces
in South Africa which all reflects a significantly higher estimate of the U5MR. It should also
be noted that the model life table that has been used was developed in the pre-HIV era. The
model life table does not take into consideration the influence of HIV; furthermore, the age
pattern of childhood mortality could be different from that experienced by children in
populations affected by the epidemic as there was a significant decline in HIV/AID related
deaths, particularly among children after the roll-out of PMTCT initiatives (Dorrington et al.,
2006; Nannan et al., 2012; Kerber et al., 2013).
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Table 3: Indirect estimates of U5MR for South Africa, 2016
Provinces

IMR per 1000

U5MR per 1000

live births

live births

Western Cape

13.6

38.4

Eastern Cape

77.9

106.0

Northern Cape

120.0

158.4

KwaZulu– Natal

50.8

70.7

Gauteng

18.0

18.0

Free State

85.7

116.0

North West

108.1

144.4

Limpopo

91.3

122.2

Mpumalanga

68.2

93.6

National

55.1

76.1

Own calculation from CS 2016

3.3 Determinants of child mortality

In addition to estimating the levels of childhood mortality in South Africa, the effects
of varying socio-demographic factors on childhood mortality was also analysed. Reference
groups, denoted by (R), were chosen based on groups that were perceived as being more
susceptible to child mortality. These are the Black African racial group; lowest level of
education (primary school attainment); and those that were categorised as having the
lowest socio-economic status. Urban residence and the Western Cape Province were also
chosen as reference groups however, they have significantly lower child mortality estimates
within their categories. The selection of reference categories provides the difference in odds
or risks between each other category and the reference category. The outcome variable for
the negative binomial regression model was constructed based on the occurrence of a child
death.

Table 4 presents results of a negative binomial regression model. Observed from
Model I it is observed that all racial categories have relative differences in the study. Model I
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shows that Coloureds have a 0.6075 reduced risk of having a child death as compared to the
reference group, Black Africans. This implies that there is a 40% reduced risk of a child death
among females from the Coloured population as compared to females from the Black
population. As presented, it is evident that the Coloured racial group has an incidence rate
ratio (IRR) of 0.6075, that is almost twice as large as those estimated for the White (IRR =
0.3242) and the Indian (IRR = 0.3567) racial groups. This implies that Indian females have a
65% lower risk of experiencing a child death and White females have a 68% lower risk of
experiencing a child death in comparison to the reference group.

Education was introduced as a covariate in Model II to test if child deaths are
affected by educational attainment. As per Table 4, it is evident that when education is
introduced into Model II there is a slight decrease in the effect of the Coloured race group
from an IRR of 0.6075 to an IRR of 0.6007 however, there are slight increases in the effect
observed between the White and Indian racial groups from an IRR of 0.3567 to 0.3890
within the Indian race group; and from and IRR of 0.3242 to 0.360 within the White race
group. This implies that the Indian, female population now has a 61% lower risk of
experiencing a child death and the White, female population now has a 64% lower risk of
experiencing a child death. Model II reveals that females with a secondary (IRR = 0.5483)
and tertiary (IRR = 0.3945) educational attainment have reduced relative risks of
experiencing a child death as compared to females with primary education. Also observable
from Model II is that females who attained a secondary education have a 45% reduced risk
of experiencing a child death as compared to females who had a primary school education.
Females with tertiary educational attainment (IRR= 0.3945) had the lowest relative risks of
experiencing a child death in comparison to females with primary and secondary education.

In Model III, place of residence is introduced into the model as a covariate to test if
child deaths are affected by variations in areas of residence. For the previously added
variables, including race and education, there is a significant incline in the IRR from Model II
to Model III, especially among the Coloured race group that has the largest observed incline
of an IRR from 0.6007 in Model II to an IRR of 0.6586 in Model III. In addition to this, it is
observed in Table 4 that rural residence has a significantly higher risk (1.2755) of
experiencing a child death than urban residence.
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Like Model III, another variable of interest is added to Model IV, province, to test if
child deaths are affected by the province that the mother resides in. From the provincial
perspective, it is evident that provinces such as the Free State (IRR = 2.1554) and the North
West (IRR = 2.1114) have significantly larger relative risks in comparison to the reference
province, the Western Cape. It is clear that these two provinces are more likely to
experience a child death compared to the Western Cape. Provinces like Limpopo (IRR=
1.3274) and Gauteng (IRR = 1.4339) as presented in Table 4, have reduced risks of
experiencing a child death. The other provinces, Eastern Cape (IRR = 1.7048), Northern Cape
(IRR = 1.9733), KwaZulu-Natal (IRR = 1.9388) and Mpumalanga (IRR = 1.8342), display
increased relative risks of experiencing a child death in comparison to the Western Cape.

In the final model, Model V, socio-economic status is introduced as a covariate to
test if socio-economic status has an effect on child death. The middle socio-economic status
(IRR = 0.7934) and high socio-economic status (IRR = 0.6113) categories display significantly
different relevant risks and are statistically significant. Both the middle and high socioeconomic status categories have reduced relative risks of experiencing a child death as
compared to the reference category, low socio-economic status. Upon the addition of the
socio-economic status variable in Model V it is observed that the relative risks for the
multivariate analysis on covariates such as race, education and place of residence increases
in effect while the relative risk of province displays slight declines in effect.

The log likelihood is included in each model to assess which model displays a
significantly greater fit in comparison to the other models. It is evident from the results
obtained that both the log likelihood and the log pseudo-likelihood are increasing in
strength after every successive model is executed. As the log likelihood increases in strength
so does the explanatory power of the variables.

The estimates derived from the regression analysis suggests that in South Africa,
females aged 15 – 34 years, that are Black/African and have a lower level of education are
more susceptible to experiencing a child death. This conclusion was also observed for those
females that resided within rural areas, particularly within provinces such as the Free State
and North West and had a lower socio-economic status.
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Table 4: Determinants of childhood mortality from negative binomial regression model

Race
Black/African(R)

Education
Primary (R)
Place of
Residence
Urban (R)
Province
Western Cape(R)

Socio-economic
status
Low (R)

Model I
IRR [95% C.I]
0.6075*** [0.55-0.66]

Model II
IRR [95% C.I]
0.6007*** [0.55-0.65]

Negative Binomial Model
Model III
IRR [95% C.I]
0.6586*** [0.60-0.75]

Model IV
IRR [95% C.I]
0.8184*** [0.74-0.90]

Model V
IRR [95% C.I]
0.8394** [0.76-0.93]

0.3567*** [0.26-0.49]
0.3242*** [0.26-0.40]

0.3890*** [0.29-0.55]
0.3604*** [0.29-0.45]
0.5483*** [0.52-0.58]

0.4432*** [0.32-0.61]
0.3878*** [0.31-0.48]
0.5644*** [0.54-0.59]

0.4220*** [0.31-0.58]
0.4016*** [0.32-0.50]
0.5794*** [0.55-0.61]

0.5179*** [0.37-0.72]
0.4598*** [0.36-0.59]
0.6127*** [0.58-0.65]

0.3945*** [0.36-0.43]

0.4174*** [0.38-0.46]
1.2755*** [1.23-1.32]

0.4363*** [0.40-0.48]
1.2032*** [1.15-1.25]

0.4981*** [0.45-0.55]
1.0948*** [1.05-1.15]

Eastern Cape

1.7048*** [1.53-1.90]

1.5885*** [1.48-1.78]

Northern
Cape
Free State
KwaZuluNatal
North West
Gauteng
Mpumalanga
Limpopo
Medium

1.9733*** [1.72-1.26]

1.9335*** [1.68-2.23]

2.1554*** [1.92-2.42]
1.9388*** [1.74-2.16]

2.0969*** [1.86-2.37]
1.8944*** [1.70-2.12]

2.1114*** [1.89-2.36]
1.4339*** [1.29-1.59]
1.8342*** [1.64-2.06]
1.3274*** [1.18-1.49]

2.1352*** [1.90-2.40]
1.4251*** [1.28-1.59]
1.8237[1.62-2.06]***
1.3147*** [1.17-1.48]
0.7934*** [0.76-0.83]

Coloured
Indian/Asian
White
Secondary
Tertiary
Rural

High
N
Log likelihood
Log pseudolikelihood

295 796
-60486.869
-978327.74

287 125
-58016.2
-939417.75

287 125
-57917.769
-937742.81

287 125
-57643.306
-933173.23

0.6113** [0.57-0.66]
259 986
-52544.477
-849989.25

Significant at ***p<0.001 **p<0.01 *p<0.05
Own calculation from CS 2016
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4. Discussion

Globally, child mortality has been declining significantly, even within the less
developed nations (Ahmad, Lopez and Inoue, 2000; Jamison, Murphy and Sandbu, 2016).
South Africa has also seen significant declines of child mortality, both at a national and
provincial level (Udjo, 2014). The observed estimates from this study are consistent with the
reversal in childhood mortality decline observed in some provinces due to the effective
rollout of HIV preventative and treatment options available (Fairall et al., 2008). One of the
reasons attributed to this change in child mortality patterns is the complex association
between socio-economic factors and mortality, which the government is increasingly
attempting to rectify and redress, (Kahn et al., 2007).

The level of child mortality is still significantly higher than the mortality experiences
of other countries that have a similar level of development as South Africa (You et al., 2015).
The national level estimates can be compared with reports from Statistics South Africa
(2013), the United Nations Inter-Agency Group for Mortality Estimation (UN IGME) (2013),
You et al. (2015), and from estimates published by Udjo (2014). Consistent with the results
by Udjo (2014) and the present study, it is evident that South Africa is still making attempts
to reach health goals that were set out in the MDGs and the sustainable development goals
(SDGs). The estimates observed from the results of this study suggests that South Africa has
been proactive in ensuring that the necessary policies and implementation strategies are in
place to reduce under-five mortality. While interventions in social and health spheres are
strong and promise a declining child mortality rate, they are not sufficient to reduce underfive mortality rates to the previously set target for South Africa of 20 deaths per 1000 live
births or lower by 2015 as per MDG 4 (Bhutta et al., 2010).

Differences between provinces can be explained by the socio-economic position of
the province (King-Shung and Proudlock, 2002). The difference in child mortality between
rural and urban areas also reflects the gaps in socio-economic conditions and access to health
services between urban and rural areas (King-Shung and Proudlock, 2002). When poverty
strikes a family, the youngest members often become the immediate victims. Approximately
63% of African children live in ultra-poor households. Provinces such as Limpopo and the
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Eastern Cape have the most poverty stricken profiles, with approximately three-quarters of
children living under the ultra-poverty line (UNICEF, 2007). These provinces are equally
dominated by the Black population groups that have higher levels of child deaths.

Accessibility to health facilities plays an important role in the survival of children
(Mondal, Hossain and Ali, 2009). Immunisation plays an effective role in preventing child
deaths (Richardson et al., 2010; Flannery et al., 2017). Gauteng has done exceptionally well
in ensuring that the immunisation rates remain relatively high (Bamford, 2012). This is
reflected in the significantly lower estimates of child mortality in Gauteng. However,
provinces such as Mpumalanga and the Eastern Cape have the lowest recorded number of
children that are immunised at 71.9% and 81.5% respectively, and higher estimates of child
mortality rates.

The findings of this study suggest that both socio-economic and demographic factors
influence childhood mortality. From this study it is observed that females that are
Black/African and Coloured are more vulnerable to experiencing a child death in comparison
to White and Indian females. These findings are supported by research that suggests that
socio-demographic factors have an impact on the outcome of child mortality (Dorrington,
Timaeus, Moultrie and Nannan, 2004; Worku, 2011). Worku (2011) further suggests that
child mortality is higher among Black, rural, uneducated and poor South African females.
The findings of the study show that for females of reproductive age categories 15 – 34, who
are Black, attained a lower level of education, resided within rural areas and had a lower
socio-economic status were more susceptible to experiencing a child death. These
observations are in alignment with existing literature that suggests that most child deaths
are related to gender disparity, high levels of poverty, poor nutrition practices, and a lack of
sanitation (You, New and Wardlaw, 2011). Education, poverty and gender issues directly
affect the prevention of child mortality as it affects access to treatment during ill health,
appropriate housing, safe water, food security and sound nutritional status. It is important
to acknowledge socio-economic and structural barriers in order to effectively reduce child
mortality. Access to clean tap water is a key indicator of quality of life because poor water
and sanitation conditions are high risk factors for an array of diseases which children die
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from (World Bank, 2013). Households in South Africa have better access to clean and piped
water in comparison to other Sub-Saharan African countries (Dovi, 2007). Dovi (2007)
suggests that South African households have better access to flush toilets, and the
ownership of a flush toilet is a direct indicator of improved socio-economic status of the
population. In general, ownership of valuable household assets is an indicator of a higher
socio-economic status; likewise, low socio-economic status is an indicator of the lack of
household assets at the household level. An array of studies highlights the link between
mortality and socio-economic status (Phelan et al., 2004; Lynch et al., 1994).

5. Limitations of the study

All the analyses in this research are exclusively based on the 2016 South African CS
data. Therefore, the significance and reliability of the results depends on the quality of the
CS data which includes the quality of enumeration and data processing. One must
acknowledge that any flaw or shortfall that occurs in the CS data might seriously impact the
results that the research has produced. In relation to child mortality, only some selected
socio-economic and demographic factors are considered. The initial selection of the
variables considered for the generation of the socio-economic status variables was based on
access to basic needs and services as well as the possession of certain assets and amenities.
It should be noted that there may be other variables that may have a significant impact on
child mortality, inclusive and exclusive of the data set that have not been taken into
account. Additionally, non-HIV deaths may also be changing, but not necessarily due to the
changes in HIV prevalence rates. This research, does not take into consideration the
biological factors that are associated with child mortality, therefore deriving at estimates
that take into consideration biological and health-related child deaths is out of scope of this
research.

6. Conclusion

In South Africa, child mortality is lower compared to other African countries. Using
the CS 2016, the IMR and U5MR of South Africa were estimated at 55.1 and 76.1 per 1000
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live births respectively. These results highlight the need for a continued effort to reduce
child mortality in the country. This research concludes that in order to reduce child
mortality, more efforts are still needed at a national and provincial level. The results
obtained may help the government to implement policies more effectively and make more
focused decisions in order to reduce child mortality within the country.
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Appendix 1: Factor scoring from SES indices generated using PCA
Factor

Factor

loadings

Scores

Mean

SD

FS/SD

Has pipe water

0.5233

0.2471

0.8747

0.3311

0.7463

Has flush toilet

0.6942

0.3278

0.5683

0.4953

0.6618

Has electricity

0.7250

0.3423

0.9116

0.2839

1.2058

Has refrigerator

0.7601

0.3589

0.8075

0.3942

0.9104

Has a motor vehicle

0.5086

0.2401

0.8087

0.4494

0.5343

Own calculation from CS 2016
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ABSTRACT

This paper examines the association between migration status and HIV risk
perception among residents of three metropolitan areas of Gauteng. The study used the
2012 household cross sectional survey data conducted by the International Organization for
Migration. This study analyzed data for 1 834 HIV negative respondents. The key
explanatory variable is migration status. The prevalence of HIV risk perception was assessed
and logistic regression modelling was done to examine the association of migration status
with HIV risk perception. The study found a relatively low (44.7%) HIV risk perception among
the respondents. Migrants reported a higher HIV risk perception (50.4% for internal
migrants and 43.4% for international migrants) compared with non-migrants (40.3%). This
result was corroborated by the significantly higher odds of HIV risk perception among
internal migrants compared to non-migrants in the unadjusted model. The likelihood was
also higher for international migrants but not significantly so. Age, metropolitan area, the
common perceived health problems such as HIV or tuberculosis (TB) as well as accessibility
to HIV information and treatment were significantly associated with HIV risk perception in
this study. The findings of this study show the need to further intensify HIV awareness and
prevention including how individuals can accurately assess their HIV risk.

Key words:
HIV risk perception, migration status
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1. Introduction

Rapid urbanization and the increase of the urban poor in metropolitan areas of
Gauteng, South Africa has become a major public health concern due to its linkage with
increased HIV risk (Grief et al., 2011; Thomas et al., 2010). Net immigration for South Africa
between 2016 and 2021 is estimated at 1.02 million with most of the international migrants
(47.5%) settling in Gauteng (Statistics South Africa, 2018). Migrants usually find themselves
in compromising situations. For instance, due to poor living conditions women and girls may
engage in multiple and/or concurrent sexual partnerships, sex work, transactional sex and
the use of intravenous drugs to improve their lives (Weine and Kashuba, 2012; IOM, 2010),
which increases their vulnerability to HIV (Tiruneh et al., 2015; Baidoobonso et al., 2013;
Dahal et al., 2013).

Increased risky sexual behaviours and high HIV prevalence has been reported among
migrants compared to non-migrants in Sub-Saharan Africa (McGrath et al., 2015). The
generalized

high

HIV

prevalence

in

Gauteng,

South

Africa

may

also

present an additional risk for migrants (Giorgio et al., 2017; Anderson et al., 2014). Even
though migrants are considered to be highly vulnerable to HIV, little is known about their
HIV risk perception (Weine and Kashuba, 2012; Higgins et al., 2010). HIV risk perception has
a bearing on the delivery and uptake of HIV preventative interventions (Warren et al., 2018;
McGrath et al., 2015). Understanding the factors associated with HIV risk perception is
important because if perceptions are accurate, they may lead to better preparedness and
avoidance of risky behaviours (Muchiri et al., 2017; Dahal et al., 2013). Furthermore, HIV risk
perception may inform the design and implementation of target population specific
behavioural interventions and programs aimed at preventing and controlling HIV
(Tenkorang, 2014; Peltzer et al., 2011).

It is therefore important to examine the association between HIV risk perception and
migration status in Gauteng metropolitan areas. This can, in the long run, be instrumental in
addressing the challenges faced by urban migration in affected communities. It can also help
to facilitate healthy migration in South Africa and elsewhere.
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2. Literature Review

HIV risk perception has been useful as a cognitive assessment of the likelihood of
becoming infected with HIV (Napper et al., 2012). In studying health and disease, risk
perception is considered critical in explaining why people engage in certain health
behaviours (Napper et al., 2012; Becker and Janz, 1987). Most theories and leading models
of health behaviour build on the concept of risk perception yet, little is known of what
determines this perception (Munro et al., 2007; Becker and Janz, 1987). There are three
commonly cited theories on risk perception: the Health Belief Model, Protection
Motivational Theory and the AIDS Risk Reduction Model. These theories posit that risk
perception influences health behaviour (Munro et al., 2007; Gebhardt and Maes, 2001;
Catania et al., 1990).

HIV risk perception provides a critical understanding of how people link their sexual
practices to their chance of contracting HIV (Dahal et al., 2013). The HIV pandemic has
prompted massive efforts to prevent new HIV infections, largely targeted at high risk
behaviours (Kharsany and Karim, 2016; Maharaj and Cleland, 2005). Perceptions of HIV risk
may have an effect on health outcomes, if the perception is well reasoned and leads to
better preparedness then behaviour will be avoided (Dahal et al., 2013; Sharma et al., 2012).
HIV risk perception is one of the factors that are more likely to influence the uptake and the
use of interventions aimed at the prevention of HIV infections (Maughan-Brown and
Venkataramani, 2018; Muchiri et al., 2017; Sharma et al., 2012).

Post 2005, more than 62% of the South African population were living in urban
areas, with rapid urbanization being attributed to migration (Turok, 2012; Kok and Collinson,
2006). Migration is the process of relocating either across an international border or within
a country due to different reasons (Landau and Wa Kabwe-Segatti, 2009). Migration is an
important and a natural part of the economic and social life of every country and it is a key
livelihood strategy (Dahal et al., 2013). Studies exploring the association between migration
and health have reported that migration by itself does not necessarily contribute to
heightened HIV risk, but some migrants do face increased HIV risk because of the conditions
they find themselves in (Tansey et al., 2010; Vearey, 2010).
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Gauteng is relatively successful in generating livelihood opportunities in a country
faced with a high unemployment rate. From 1994 to 2014 the official unemployment rate
for South Africa increased from 22% to 25% (Statistics South Africa, 2014). In 2011, Gauteng
contributed 35.6% to the national Gross Domestic Product (GDP) (Statistics South Africa,
2012). This makes Gauteng an ideal hub for migrants who are in search of better livelihood
opportunities. This increased influx of people into Gauteng has resulted in a lot of urban
poor people who find themselves at the edge of health and social welfare provision by local
authorities (Vearey, 2010). Migrants are therefore a key population to examine when
studying HIV risk perception due to the vulnerable conditions they are often faced with in
their place of destination.

3. Data and Methods

3.1 Study setting

Gauteng is the province with the largest population in South Africa. Its population is
estimated to be 12 272 263 and has a population density of 675 people per km2 - the
highest in the country (Gauteng City Region Observatory, 2012). According to data from
Census 2011, Gauteng accounted for the highest concentration of international and internal
migrants in South Africa at approximately 7.4% and 44%, respectively (Statistics South
Africa, 2012). The province is divided into three district municipalities namely Sedibeng,
West Rand and Metsweding and three urban metropolitan municipalities (Ekurhuleni,
Tshwane and Johannesburg Metropolitan Municipality). The three selected metropolitan
areas are from the part of Gauteng that is so eti es des i ed as a

ity egio

due to its

urban characteristics in comparison to other provinces in the country. This is where 86% of
the population of Gauteng lives (Statistics South Africa, 2012).

3.2 Source of data

We used data from the 2012 Household Survey that was conducted to explore the
urban vulnerabilities of poor urban groups residing in three metropolitan municipalities of
Gauteng. The survey was conducted by the International Organization for Migration (IOM)
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through the African Centre for Migration and Society (ACMS), University of the
Witwatersrand and in partnership with the Gauteng Department for Social Development
(GDSD). The survey explored the needs and vulnerabilities of the migrant population in
Gauteng and measured a wide range of variables including socio-demographic
characteristics, migration status and self-reported HIV risk perception.

3.3 Survey design

A multi-stage sampling approach was adopted in the primary study to ensure
representativeness of respondents and the study area. For each metropolitan area three
places were selected, one sub-place in the inner-city, periphery and an informal settlement.
This was done in five phases: phase one was to identify the most deprived areas in the
province within each of the selected metropolitan areas, followed by the selection of the
sub-areas, then randomly selecting 10 enumeration areas (EAs). Within each EA, dwellings
were randomly selected (7 international migrants, 7 internal migrants and 7 non-migrants).
If the dwelling was a multi-household, individual households were randomly selected.
Within each household, the head of the household or the spouse/partner or the eldest
individual in the household was interviewed. Pre-coded questionnaires administered by
trained field workers were used to collect data. The primary study had 2 020 respondents.
For this study, the study respondents must have stayed in any of the three metropolitan
areas for a minimum period of three months, be HIV negative and aged 18 years or older.
Only 1 834 respondents met this criteria and formed the analysis sample for this study.

3.4 Outcome and explanatory variables

The outcome variable is HIV risk perception. The information on HIV risk perception
was collected in the household survey by asking the following uestio : What do you think
of your chances of getting HIV/AIDS? The e

e e fou possi le a s e s to the uestio : i)

no risk at all, ii) some risk, iii) high risk and iv) I am HIV positive. For this study, HIV risk
perception is a binary variable coded as 0 (no risk) if the response of the respondent is no
risk, and as 1 (risk) if the response of the respondent is some risk or high risk.
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The key explanatory variable (migration status) was derived from the following
household survey questions: (i) Immigration status?; South African; non-South African (ii) If
South African, how long have you been living in this metropolitan area?; (iii) If less than 10
years consider the respondent as internal migrant; and (v) if more than 10 years consider the
respondent as local - non migrant. Thus, migration status was coded into three categories:
non-migrant (local), internal migrant, and international migrant.

The other explanatory variables included sex (female, male); age (18 to 77years);
marital status (single, married/cohabiting, divorced/separated/widowed); level of education
(no education, primary education, secondary education, tertiary education); metropolitan
area (Ekurhuleni, Johannesburg and Tshwane metropolitan area); duration of stay in area (in
months); size of household (1 to 13 individuals); ability to communicate in English (no, yes)
and

employment status (employed, unemployed). Also included in the analysis are:

perceived safety of area of residence (unsafe, safe); perceived common health problems in
area of residence as HIV and TB (no, yes) and perceived common health problems in the
area of residence as other1 diseases (no, yes). Lastly, access to health services and HIV
information and treatment was also included (no, yes).

3.5 Statistical analysis

The description of the study population was stratified by HIV risk perception (no risk
and risk). For the age and size of the household, appropriate measures of central tendencies
were calculated based on distribution. For categorical variables, a descriptive cross
tabulation was done and frequencies were calculated and presented as percentages of the
total number of respondents. The percentage/prevalence of respondents that perceived
themselves at risk of HIV are estimated using analytical cross tabulation. Lastly, the
unadjusted and adjusted logistic regression models were used to identify the factors
associated with HIV risk perception among migrants. The logistic regression models were
fitted taking into consideration the design effect due to the clustering of respondents within

1

This includes cholera, disabilities, road accidents, high blood pressure and diabetes.
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the metropolitan areas. This was addressed by using the survey set command in Stata 13
(Stata Corporation, College Station, TX, USA) in the course of modelling the associations.

3.6 Data limitations

Sexual behaviours are useful when assessing HIV risk perception. Previous studies
carried out on HIV risk perception included variables such as age at first sexual experience,
number of current sexual partners, condom use, drug and alcohol use, and other sexual
behaviours (Mulugeta et al., 2016; Zungu et al., 2016; Tenkorang, 2014; Peltzer et al., 2011;
Kenyon et al., 2010; Maharaj and Cleland, 2005). However, information on sexual behaviour
of the respondents was not collected in the primary study. The missing information is a
major limitation in this study as it is difficult to accurately assess the HIV risk perception
without information on sexual behaviour (Suresh et al., 2014). Another possible limitation is
that the outcome variable, HIV risk perception, is self-reported. This may be prone to social
desirability bias where some respondents tend to under-report their risk perception in order
to be viewed favourably by the interviewer. Despite the limitations, the study provides
some significant insights i to the studied populatio s HIV isk pe eptio .

3.7 Ethical considerations

Ethical approval of the original study was granted by the University of the
Witwatersrand Non-Medical Ethics Committee (H120530). Permission to use the data for
this study was granted by the International Organization for Migration. Ethics approval for
this study was obtained from University of the Witwatersrand, Faculty of Health Sciences,
Medical Ethics Committee (M170128). Anonymity and confidentiality were maintained
throughout the study.
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4. Findings

4.1 Socio-demographic characteristics of the study population

The distribution of the socio-demographic characteristics of the respondents by HIV
risk perception is presented in Table 1. The non-migrants constituted 35.3% of the total
respondents. The internal migrants and international migrants made up 33.1% and 31.6%,
respectively. Most respondents were females (53%). The median age of respondents was 31
years (IQR: 25-39) and the median size of household was 3 members (IQR: 2-5). Forty-nine
percent of the respondents were married or cohabiting. Regarding educational level, 42.6%
of respondents attained secondary level education.

Respondents who stayed in the Tshwane Metropolitan Municipality made up 38% of
the total respondents. The majority (46.2%) of the respondents had stayed in the
metropolitan areas for more than five years. Virtually all the respondents (92.8%) were able
to communicate in English; about two-thirds (64.2%) of respondents were employed and
nine-tenths (89.9%) considered themselves to be safe in their respective metropolitan
areas. The distribution of respondents by risk categories are presented in Table 1.
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Table 1: Basic characteristics of the study respondents
Variable
Migration status

Sex
Age
Size of
household
Marital status

Level of
Education

Metropolitan
area

Duration of stay

Communicate in
English
Employment
status
Perceived safety
of area of
residence

Categories
Non-migrants
Internal migrants
International migrants
Male
Female
Median (IQR)
Median (IQR)
Never married
Married/Cohabiting
Divorced/Separated/Wid
owed
No education
Primary education
Secondary education
Tertiary education
Ekurhuleni metropolitan
Johannesburg
metropolitan
Tshwane metropolitan
3-12 months
13-60 months
61+ months
Cannot communicate
Can communicate
Unemployed
Employed
Unsafe
Safe

No risk
N (%)
386 (38.0)
301 (29.7)
328 (32.3)
486 (47.9)
529 (52.1)
32 (26-41)
3 (2-5)

Risk
N (%)
261 (31.9)
306 (37.4)
252 (30.8)
376 (45.9)
443 (54.1)
30 (25-37)
3 (2-4)

Total
N (%)
647 (35.3)
607 (33.1)
580 (31.6)
862 (47.0)
972 (53.0)
31 (25-39)
3 (2-5)

403 (40.2)
520 (51.8)
80 (8.0)

389 (48.1)
369 (45.6)
51 (6.3)

792 (43.7)
889 (49.1)
131 (7.2)

86 (8.6)
306 (30.5)
404 (40.3)
206 (20.6)
342 (33.7)
255 (25.1)

59 (7.3)
241 (29.9)
367 (45.5)
139 (17.2)
271 (33.1)
269 (32.8)

145 (8.0)
547 (30.3)
771 (42.6)
345 (19.1)
613 (33.4)
524 (28.6)

418 (41.2)
200 (19.7)
314 (30.9)
501 (49.4)
79 (7.8)
936 (92.2)
354 (34.9)
660 (65.1)
84 (9.8)
931 (90.2)

279 (34.1)
181 (22.1)
292 (35.7)
346 (42.2)
53 (6.5)
766 (93.5)
303 (37.0)
516 (63.0)
74(10.5)
745 (89.5)

697 (38.0)
381 (20.8)
606 (33.0)
847 (46.2)
132 (7.2)
1702 (92.8)
657 (35.8)
1176 (64.2)
158 (10.1)
1676 (89.9)

The majority of the respondents did not perceive HIV or TB (57.5%) or other disease
conditions (82.7%) as a problem in their metropolitan areas as presented in Table 2. Only
6.7% of the respondents reported having been denied healthcare service. Regarding access
to health care services; 96% reported having high access to healthcare services while 91.5%
of respondents reported having access to HIV information and treatment.

99

Southern African Journal of Demography
Volume 19 (1), June 2019

Table 2: Distribution of the respo de ts per eptio s o health problems and healthcare
access
Variable
Categories
No risk
Risk
Total
N (%)
N (%)
N (%)
Perceived common health
No
592 (61.8)
402 (52.2)
994 (57.5)
problems HIV or TB
Yes
366 (38.2)
368 (47.8)
734 (42.5)
Perceived common health
No
802 (83.7)
627 (81.4)
1429 (82.7)
pro le s Other *
Yes
156 (16.3)
143 (18.6)
299 (17.3)
Denied healthcare service
No
953 (93.9)
759 (92.7)
1,712 (93.3)
Yes
62 (6.1)
60 (7.3)
122 (6.7)
Access to Healthcare service Low access
38 (3.8)
33 (4.2)
71 (4.0)
High access
952 (96.2)
762 (95.8)
1714 (96.0)
Accessibility to HIV
No
101 (10.0)
55 (6.7)
156 (8.5)
information and treatment
Yes
913 (90.0)
764 (93.3)
1677 (91.5)
* The health problems that constitute this categorical variable included cholera, disabilities,
road accidents, high blood pressure and diabetes.

4.2 Percentage (prevalence) of respondents that perceive themselves at risk of HIV

Table 3 shows that of the 1 834 respondents, only about 44.7% perceived
themselves at risk of contracting HIV. Among the migration categories, half (50.4%) of the
internal migrants perceived themselves to be at risk. Other groups of respondents that
perceived themselves at risk were females (45.6%), never married respondents (49.1%),
those with a secondary level of education (47.6%) as well as those residing in the
Johannesburg Metropolitan area (51.3%). The respondents that perceived HIV and TB as
common health problems in the area of residence (50.1%), reported having been denied
healthcare services (49.2%), had low access to healthcare services (46.5%) and also
perceived themselves at risk of HIV infection. See Table 3 for more results.
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Table 3: Percentage (prevalence) of respondents that perceive themselves at risk of HIV
No risk
N (%)

Risk
N (%)

Total
N (%)

Total

1015 (55.3)

819 (44.7)

1834

Non-migrants
Migration status
Internal migrants
International migrants
Male
Sex
Female
Never married
Marital status
Married/Cohabiting
Divorced/Separated/Widowed
No education
Primary education
Level of Education
Secondary education
Tertiary education
Ekurhuleni metropolitan
Metropolitan area Johannesburg metropolitan
Tshwane metropolitan
3-12 months
Duration of stay
13-60 months
61+ months
Cannot communicate
Communicate in
English
Can communicate
Unemployed
Employment status
Employed
Perceived safety of Unsafe
area of residence
Safe
Perceived common No
health problems
Yes
HIV or TB
Perceived common No
health problems
Yes
Othe
Denied healthcare No
service
Yes
Low access
Access to
Healthcare service High access
Accessibility to HIV No
information and
Yes
treatment

386 (59.7)
301 (49.6)
328 (56.6)
486 (57.4)
529 (54.4)
403 (50.9)
520 (58.5)
80 (61.1)
86 (59.3)
306 (55.9)
404 (52.4)
206 (59.7)
342 (55.8)
255 (48.7)
418 (60.0)
200 (52.5)
314 (51.8)
501 (59.1)
79 (59.8)
936 (55.0)
354 (53.9)
660 (56.1)
84 (53.2)
931 (55.6)
592 (59.6)

261 (40.3)
306 (50.4)
252 (43.4)
376 (43.6)
443 (45.6)
389 (49.1)
369 (41.5)
51 (38.9)
59 (40.7)
241 (44.1)
367 (47.6)
139 (40.3)
271 (44.2)
269 (51.3)
279 (40.0)
181 (47.5)
292 (48.2)
346 (40.9)
53 (40.2)
766 (45.0)
303 (46.1)
516 (43.9)
74 (46.8)
745 (44.5)
402 (40.4)

647
607
580
862
972
792
889
131
145
547
771
345
613
524
697
381
606
847
132
1702
657
1 176
158
1 649
994

366 (49.9)

368 (50.1)

734

802 (56.1)

627 (43.9)

1429

156 (52.2)

143 (47.8)

299

953 (55.7)
62 (50.8)
38 (53.5)
952 (55.5)
101 (64.7)

759 (44.3)
60 (49.2)
33 (46.5)
762 (44.5)
55 (35.3)

1 712
122
71
1 714
156

913 (54.4)

764 (45.6)

1 677

Variable

Categories
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4.3 Factors associated with HIV risk perception

Table 4 presents the unadjusted and adjusted association between migration status
and HIV risk perception. In the unadjusted models, the odds of internal and international
migrants perceiving themselves at risk of contracting HIV was 1.50 (1.20 - 1.88) and 1.14
(0.91 - 1.43) respectively, in comparison to non-migrants. This association was statistically
significant for internal migrants. Age was negatively associated with HIV risk perception
while ever-married respondents or those who have no access to HIV information and
treatment were less likely to perceive themselves at risk of HIV. On the other hand,
respondents from the Johannesburg metropolitan area, those that had lived for five years or
less in their metropolitan areas or respondents that perceived HIV/TB as a common health
problem in their area of residence were significantly more likely to perceive themselves at
risk of HIV.

In the adjusted model, only age, metropolitan area, perception of HIV or TB as
common health problems in area of residence and accessibility to HIV information and
treatment remained significantly associated with HIV risk perception. The higher likelihood
of internal migrants to perceive themselves at HIV risk persisted although, it lost its
significance, making the migration status as a whole to lose its significant association with
HIV risk perception. The odds of HIV risk perception decreased by 3% with each one-year
i

ease i

espo de ts age (AOR = 0.97; 95% CI: 0.96 - 0.98). The odds of respondents that

resided in the Ekurhuleni Metropolitan area and those that resided in Johannesburg
Metropolitan area perceiving themselves as at risk of contracting HIV was 1.31 (95% CI: 1.02
- 1.68) and 2.03 (95% CI: 1.55 - 2.56) respectively, in comparison to those that resided in
Tshwane Metropolitan area. The odds of HIV risk perception among respondents that
perceived HIV or TB as a common health problem in their metropolitan area was 1.41 times
(95% CI: 1.14 - 1.74) the odds among those who did not perceive HIV or TB to be a common
health problem in their area of residence. Lastly, the odds of HIV risk perception among
those who reported not having access to HIV information and treatment decreased by 35%
(AOR = 0.65, 95% CI: 0.45 - 0.98) in comparison to those who reported that they had access
to HIV information and treatment.
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Table 4: Unadjusted and adjusted logistic regression analysis of factors associated with
HIV risk perception among non-migrants and migrants.
Unadjusted analysis
Adjusted analysis
HIV risk perception
Odds
95%
Odds
95%
Ratio
Confidence
Ratio
Confidence
interval
interval
Migration Status
Non-migrants (ref)
1.00
1.00
Internal migrants
1.50*
1.18
1.20 - 1.88
0.89 - 1.57
International migrants
0.99
1.14
0.91 - 1.43
0.73 - 1.34
Sex
Male (ref)
Female
Age
Size of household
Marital Status
Never married (ref)
Married/cohabiting
Divorced/separated/widowed
Educational Level
No Education (ref)
Primary Education
Secondary education
Tertiary Education
Metropolitan Area
Ekurhuleni Metro
Johannesburg Metro
Tshwane Metro (ref)
Duration of Stay (months)
3-12
13-60
61+ (ref)
Communicate in English
Can communicate (ref)
Cannot communicate
Employment Status
Unemployed
Employed (ref)
Perceived safety of area of
residence
Unsafe
Safe (ref)
Perceived common health
problem HIV or TB
No (ref)
Yes

1.00
1.08
0.97*
0.96

0.90 - 1.30
0.96 - 0.98
0.92 - 1.01

1.00
1.14
0.97*
0.94

0.92 - 1.41
0.96 - 0.98
0.89 - 1.00

1.00
0.74*
0.66*

0.61 - 0.89
0.45 - 0.96

1.00
0.91
1.04

0.72 - 1.14
0.67 - 1.63

1.00
1.15
1.32
0.98

0.79 - 1.67
0.92 - 1.90
0.66 - 1.46

1.00
0.94
1.02
0.92

0.62 - 1.41
0.67 - 1.54
0.59 - 1.45

1.19
1.58*
1.00*

0.95 - 1.48
1.26 - 1.99

1.31*
2.03*
1.00

1.02 - 1.68
1.55 - 2.65

1.31*
1.35*
1.00

1.03 - 1.67
1.09 - 1.66

0.96
1.03
1.00

0.70 - 1.32
0.78 - 1.37

1.00
0.82

0.57 - 1.18

1.00
0.81

0.53 - 1.24

1.09
1.00

0.90 - 1.33

0.91
1.00

0.73 - 1.15

1.09
1.00

0.80 - 1.47

0.93
1.00

0.67 - 1.29

1.00
1.48 *

1.22 - 1.79

1.00
1.41*

1.14 - 1.74
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HIV risk perception

Unadjusted analysis
Odds
95%
Ratio
Confidence
interval

Perceived common health
pro le Other
No (ref)
1.00
Yes
1.17
Denied healthcare service
No (ref)
1.00
Yes
1.22
Access to healthcare service
Low access
1.08
High access (ref)
1.00
Accessibility to HIV
information and treatment
No
0.65*
Yes (ref)
1.00
*Statistically significant at p-value <0.05

Adjusted analysis
Odds
95%
Ratio
Confidence
interval

0.91 - 1.51

1.00
1.10

0.83 - 1.45

0.84 - 1.75

1.00
1.12

0.74 - 1.69

0.67 - 1.75

1.12
1.00

0.67 - 1.85

0.46 - 0.92

0.65*
1.00

0.45 - 0.98

5. Discussion

This study examined the association between migration status and HIV risk
perception in metropolitan areas of Gauteng. The study found a relatively low (44.7%) HIV
risk perception among the respondents. This is consistent with other studies that reported
that in spite of the high HIV prevalence and the presence of risky behaviours in South Africa
and other Sub-Saharan African countries, a high number of individuals perceive themselves
at low risk or no risk of HIV infection (Muchiri et al., 2017; Zihindula et al., 2016; Peltzer et
al., 2011; Macintyre et al., 2004; Pettifor et al., 2004). The reasons for reported low risk
perceptions may include respondents not being aware of how to assess their HIV risk
perception (Sychareun et al., 2013). Respondents exhibit optimistic bias and under-estimate
their HIV risk perception due to feelings of being vulnerable (Macintyre et al., 2004).
Theoretically, elevated HIV risk perception should encourage people to adopt admissible
precautionary measures as well as interventions to refrain from risky behaviours (Pettifor et
al., 2004).

Migrants reported a higher HIV risk perception (50.4% for internal migrants and
43.4% for international migrants) in comparison to non-migrants (40.3%). This result was
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corroborated by the significantly higher odds of HIV risk perception among internal migrants
compared to non-migrants in the unadjusted model. The likelihood is also higher for
international migrants but not significantly so. This may be due to the unfavourable
conditions that migrants find themselves in at their place of destination. Other studies have
reported low HIV risk perceptions among migrants even though risky sexual behaviours
were prevalent (Giorgio et al., 2017; Wasie et al., 2015; Baidoobonso et al., 2013; Dahal et
al., 2013). In the final model, the association between migration status and HIV risk
perception ceased to be significant, although the higher likelihood of internal migrants
perceiving themselves at risk remained.

Age, metropolitan area, common perceived health problem being HIV positive or
having TB as well as accessibility to HIV information and treatment were significantly
associated with HIV risk perception in this study. An increase in age by one year resulted in a
3% decline in HIV risk perception. Young adults have been reported in other studies to be
more likely to underestimate their HIV risk perception compared to older people (Osingada
et al., 2016; Prata et al., 2006). Respondents who stayed in Ekurhuleni and Johannesburg
Metropolitan areas had increased HIV risk perception compared to respondents from
Tshwane Metropolitan area. This could be because Johannesburg is the largest metropolitan
area (Statistics South Africa, 2012) and the economic centre of South Africa. It is the premier
destination for both international and internal migrants and the challenges faced by
migrants may differ by the residential metropolitan area they reside in.

Most of the respondents (50.1%) perceived HIV or TB to be a common health
problem in their respective metropolitan areas. This result was corroborated by the
significant higher odds of HIV risk perception among respondents who perceived HIV or TB
to be a common health problem in their metropolitan area in the unadjusted and adjusted
models. Almost a tenth (8.5%) of respondents reported not having access to HIV
information and treatment. Of this group, only 35.3% of them perceived themselves to be at
risk of HIV. The regression modelling result also supported this finding.

This study adds to the pool of knowledge on the factors that are associated with HIV
risk perception. Age, metropolitan area, common perceived health problem being HIV or TB
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as well as accessibility to HIV information and treatment were significantly associated with
HIV risk perception in this study. Other studies have found illegal border-crossing, length of
time in South Africa, anal sex, sexual experience, knowing someone who died of HIV/AIDS,
race and transactional sex among other variables to be associated with HIV risk perception
in other studies (Giorgio et al., 2017; Tenkorang, 2014). Generalization from the findings of
this study should be done with caution as sexual behaviour variables were not controlled for
in the analysis due to missing data. In addition, HIV risk perception is self-reported and may
be affected by social desirability bias.

6. Conclusion

Although no significant association was found between migration status and HIV risk
perception in the long run, the findings of this study are important for informing HIV policies
and programs. The vulnerability of the youth to HIV was brought to light again in this study
by the finding that they perceive themselves at risk of contracting HIV. Programs should be
further intensified on awareness and prevention in this specific sub-population. The need to
intensify programs in general to reach the segment of the population with no access to HIV
information and treatment that seem to erroneously perceive themselves at lower risk of
HIV cannot be over emphasized. The policies and programs on HIV information and
preventative measures should include HIV risk evaluation and take into consideration how
the circumstances and social environments that individuals find themselves in may affect
their perceptions and behaviours.

A qualitative study to explore people s understanding of HIV risk and how they
assess the risk is also recommended. This may provide further insight into the accuracy and
ade ua y of o po e ts of the isk a d used to st e gthe i fo

atio a d se i es

provided to empower individuals to be able to assess their HIV risk more accurately.
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