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Summary

It has been questioned whether demographic surveillance system (DSS) sites, which
normally operate in relatively small, homogeneous areas, and in relatively small
populations of the order of 100,000 people, are large enough to examine inequalities
and inequities in health. The Rufiji DSS in Tanzania has attempted to apply principal
components analysis (PCA) to asset and other household data collected in the routine
course of a DSS, to rank individuals according to a household socio-economic index
and investigate whether this predicts health system access or outcomes.

In this study, we determined wealth indices for individuals in 12,604 rural
households in the Rufiji DSS area using principal components analysis for the year
2000. The index was based on the presence or absence of items from a list of 20
specific household assets and 9 household characteristics dealing with household
ownership, construction features, water supply, sanitation, and type of fuel. PCA
revealed 49 principal components of which the first accounted for 12.9% of the total
variance. Asset ownership and housing features contributed equally to the variance
in the first component. Scores for each asset or feature were internally consistent
with expectations. In this study, we examined mosquito net ownership as an example
of health intervention access, and infant, child and under-5 mortality rates as
examples of health outcomes, all in relation to quintiles of populations and determined
poorest-least poor ratios, concentration indices, and chi-square for linear trend.

Results showed significant gradients in both access and outcome measures across
wealth quintiles, even in this relatively homogeneous rural area. Poorest-least poor
ratios for infant, child and under-5 mortality were 1.46, 1.41 and 1.53 respectively
while lack of access to mosquito nets was 1.82. The findings call for more attention to
strategies or approaches for reducing health inequalities. These could include reforms
in the health sector to provide more equitable resource allocation, improvement in the
quality of the health services offered to the poor, and redesigning interventions and
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their delivery to ensure they are more pro-poor. Such proactive measures will be
important if health equity goals at community level are to be achieved.

Background

Efforts to improve health in developing countries face many challenges. These
include high incidence of infectious and communicable diseases, growing burdens
of chronic and non-communicable diseases, weak health systems, and inadequate
human and material resources. There are also unquantified and poorly understood
socio-economic inequalities in access to health services within and between various
population groups. Little is known of the factors that determine these inequalities and
the mechanisms through which they operate in various sub-groups.

The relationship between socio-economic differentials and health status in
developing countries has been documented in several studies (Caldwell, 1979;
Cochrane, et al. 1982; Rutstein, 1984; Bicego and Boerma, 1993; Gwatkin, et al.,
2000; Woelk, 2000). Using a study of 20 cross-sectional Demographic and Health
Surveys (DHS) from developing countries Bicego and Ahmad (1996) found that
mortality risks of under-5s born to uneducated women were more than twice as
high as to those born to women with a secondary education. Gwatkin et al. (2000)
using DHS data from Tanzania described differences between the poor and the least
poor in mortality, nutrition and treatment of illnesses. Woelk and Chikuse (2000)
in Zimbabwe showed that stunting, underweight and occurrence of diarrhoea varied
according to the socio-economic status noting that being in the lowest socio-
economic status increased the risk of being underweight for children by about three
times compared to those in the highest socio-economic group. Filmer (2002) in a
study of 22 malarious countries in Africa found little difference in rates and risk of
fever among the poor and least poor, but the poorest had a much smaller likelihood
of obtaining suitable treatment. Armstrong Schellenberg et al. (2003) made similar
observations of poor/least poor inequities across a broader array of childhood
illnesses and health interventions using principal components analysis of household
data from a cross-sectional survey in rural Tanzania.

The purpose of the work reported here is to provide a description of socio-
economic differentials in relation to health status and health service access by using
data from longitudinal demographic surveillance survey systems (DSS). The major
objective of the study was to explore the utility of DSS as a practical and continuing
source of equity monitoring data. This entailed conducting asset and housing
condition surveys nested into DSS surveillance and using principal components
analysis to build an asset and housing based socio-economic status index. This was
used to determine the relationship between household socio-economic characteristics
and inequalities of access to health interventions, and to health outcomes in rural
Tanzania. Specifically this study examined how proxies for socio-economic status
(e.g. ownership of assets, housing quality and sanitation) relate to mortality in infants
and children under five years old mortality as well as ownership of mosquito nets, a
preventive health intervention. The data obtained is intended to assist programme
providers and policy makers to recognize health system inequities in order to improve
the health status in rural areas.
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Methods

The Rufiji Demographic Surveillance System (DSS) commenced field operations in
November 1998. The DSS approach involves continuous monitoring of households
and members within households in cycles or intervals, known in the Rufiji DSS as
‘rounds’ of four months each. The Rufiji DSS collects information on demographic,
household, socio-economic and environmental characteristics of a population of
about 87,000 people in 31 villages located in Rufiji District along the coastal area
of Tanzania, south of Dar es Salaam in the Rufiji River basin. The Rufiji DSS was
established as one of the four major research components of the Tanzania Essential
Health Interventions Project (TEHIP). In addition to its research role, its aim is to
provide sentinel data to the district health authorities and the Ministry of Health
to inform evidence based planning and resource allocation as well as to quantify
the burden of disease and document impact of health system interventions and
innovations.

Rufiji is one of the six districts of Coast region and has an estimated population of
about 187,000. The Rufiji River running West to East cuts the district roughly into
half. The surveillance area is a contiguous area situated on the northern side of
the river floodplain. The Rufiji DSS employs the Household Registration System
(HRS) (Indome et al., 1995), which involves collecting and documenting data on
pregnancies and births, deaths, causes of death, in and out-migrations and socio-
economic status. Full details on the Rufiji DSS have been reported elsewhere
(Mwageni et al., 2002).

The data for this study come from routine core demographic information, mortality
data and socio-economic data collected by the Rufiji DSS for the years 1999 and
2000. Specifically for this report, data comes from 16,260 active households. Of these
12,604 households (about 77.5%) had consistent data for assets, housing conditions,
water and sanitation variables sufficient to create a household socio-economic status
index. Socio-economic data was collected during the October 2000-January 2001
Rufiji DSS round coinciding with the end of the two-year mortality data set. The
data collected included: asset ownership, housing conditions, source of energy for
cooking, and type of water and sanitation. The socio-economic questionnaire was
developed through reviewing multiple sources such as common assets owned by
the community, standard lists of assets from previous studies within the country and
from multi-country studies such as the DHS and those done by World Bank (See
Appendix 2.1).

Routine Rufiji DSS data has been analysed using HRS software (Phillips and
MacLeod, 1995). Principal Components Analysis (PCA) using Stata 7.0 (Stata
Corporation) was applied to the socio-economic data to obtain an index as a proxy for
household socio-economic status.

PCA involves breaking down assets (e.g. radio, wrist watch) or household service
access (e.g. water, electricity) into categorical or interval variables. The variables are
then processed in order to obtain weights and principal components. The results
obtained from the first principal component (explaining the most variability) are
usually used to develop an index based on the formula:

Aj = f1 x (aji�a1)/(S1) +…+ fN x (fajN�aN)/(sN) (Filmer and Pritchett, 1998)
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where f1 is the scoring factor or weights for the first asset (or service), x is the variable
(asset or service), aj is the value for the assets (or service), and a1 and s1 are the mean
and standard deviation of assets (or service) respectively. Based on this equation
socio-economic statuses of households were assigned to the residents of those
households, and the resulting population was divided into quintiles that then represent
proxies for socio-economic status. The quintiles developed are thus expressed in
terms of quintiles of individuals of the total population at risk for all measures. The 1st,
2nd, 3rd, 4th and 5th quintiles were assigned in the continuum of poorest and least poor
respectively.

Three statistical indicators of inequality were measured. One was the poorest / least
poor ratio which is the ratio comparing the rate prevailing in the poorest quintile
with the rate in the least poor quintile. This method ignores information contained in
the middle three quintiles. The second measure used was the concentration index
calculated by the method of Kakwani et al. (1998). This measures the extent to which
a variable is distributed unequally across all five socio-economic quintiles, i.e. the
concentration of inequality. The closer the index is to zero, the less concentrated the
distribution of inequality (Gwatkin et al., 2000). The third was a trend test (Chi
Square) to determine the significance of any gradient in the inequality.

Results and Discussion

Socio-economic Status Index

The final index was based on household assets, housing quality, water and sanitation
and constituted the independent variable. The asset index approach has been used and
recommended by many studies (Filmer and Pritchett, 1998; Bonilla-Chacin and
Hammer, 1999; Wagstaff and Watanbe, 1999; Gwatkin et al., 2000; Sahn and Stiffel,
2000). In a study conducted in several states of India, Filmer and Pritchettt (1998)
found that the asset index produces comparable results with other measures. The
authors noted that the asset index significantly correlated with the state headcount
index as well as the domestic product per capita distributions.

Complete results of the PCA are summarised in Figure 2.1. There are 49 principal
components and the first component accounts for 12.9% of the total variance. The
second largest component explains 5.0% of total variance of all the variables. The
Eigenvectors of the first component have been used as scoring weights for each of the
asset and service items. The results reveal that variance in the first component is
explained by asset ownership (39.8%) and housing conditions (39.0%). Source of
energy explains 14.5% of the variance while lastly water and sanitation has the least
variance at 6.6%.

The asset or item scores are then used to assign a wealth index value to each
household and its members. Eventually households and their members are assigned
into quintiles based on the value of the asset index. For the purpose of this analysis the
lowest quintile is considered as a socio-economic status (wealth) proxy for the
poorest and the highest quintile represents the least poor households.
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Distribution of Index Components by Socio-economic Status

The proportion of households possessing a given characteristic according to the
socio-economic status of that household reveals additional interesting results (See
Appendix 2.2). In general the poorest are below average in most of the items or
services to which the better off have access. For example, in terms of asset ownership
12% of the poorest have a bicycle compared with 55% of the least poor, four times
more. The same applies for radio, sofa, mattress and wardrobes. Thus, as expected,
the better off are likely to own more assets than the poorest. The exception is for land
and poultry where the poor have more than the better off. These observations are
consistent with the directions of the scores. Like asset ownership, housing conditions
tend to reflect the economic status of the household. A similar pattern is noted for the
sources of energy for cooking and sanitation. Households that ranked lower in the
index are more likely than the better off to use firewood and water from public well.
The congruence between the socio-economic status index and variables from which it
was generated provides evidence of internal consistency of the index developed.

Socio-economic status and health

The relationship between socio-economic status and health has been an area of
increasing interest (Gwatkin et al., 2000; Koenig et al., 2000; Filmer, 2002; Armstrong
Schellenberg et al., 2003). The health status indicators used by this study were
mortality of children under five years of age (infant, child and under-5 mortality)
and the health intervention indicator was household ownership of mosquito nets.
Examining the relationship between the index proposed and these indicators serves as
a way of testing the consistency of the index with other data that are possibly related
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Figure 2.1 Scree plot of principal components and Eigen values
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with socio-economic status. Differentials in health related indicators according to
socio-economic groupings would imply that the index is sensitive to differences.

Socio-economic status and Health Outcomes: Mortality of children.

About 2,099 deaths were registered in the study area between 1999 and 2000, of these
705 deaths were for children below five. Table 2.1 shows data on how infant mortality
is distributed across the different socio-economic groups. The findings show a
significant inverse trend such that infant mortality rate declines with increase in the
socio-economic status of the household. Children in the poorest households are about
46% more likely to die in infancy than those in the least poor or better off. If the socio-
economic status of the poorest households were improved to the level of the better off,
then about 34 lives per 1,000 infants could be saved annually (rate difference).

Table 2.1 Infant mortality by socio-economic status

Quintile Infant Person-Years
Observed (PYOs)

Infant
Deaths

Infant Mortality

Rate/1000 PYOs (95%
CI)

1st (Poorest) 830.6 89 107.1 (87.0, 131.9)*

2nd 830.4 86 103.6 (83.8, 127.9)

3rd 839.3 69 82.2 (64.9, 104.1)

4th 824.2 68 82.5 (65.0, 104.6)

5th (Least Poor) 856.5 63 73.6 (57.5, 94.2)

Poorest–Least Poor Ratio 1.46

Concentration Index �0.08

Chi-Square Trend p = 0.009

* Quintiles are based on infant person-years, not households

The relationship between socio-economic status and child mortality (deaths to children
between age one and four years) is presented in Table 2.2. As in the relationship
shown in the infant mortality, socio-economic status has some association with child
mortality, with the poorest households having higher probabilities of child death than
the least poor. But contrary to the relationship shown to the infant deaths, the pattern
is not consistent between the third to the fourth quintiles and there is no statistically
significant trend. Those in the second quintile have lower mortality than those in the
third or fourth. The reasons for this inconsistency are not known but may be due to
differences in the heterogeneity of scores within quintiles. In a study that used DHS
data in Tanzania an inconsistent pattern was also noted between health, nutrition, and
population indicators for the second to fourth quintiles (Gwatkin et al., 2000).
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Table 2.2 Child mortality by socio-economic status

Quintile Person Years Observed Deaths

1-4 yr

Child Mortality Rate

1st (Poorest) 2596.3 37 14.3 (10.3, 19.7) *

2nd 2612.1 22 8.4 (5.5, 12.8)

3rd 2534.7 28 11.0 (7.6, 15.9)

4th 2580.7 39 15.1 (11.0, 20.7)

5th (Least Poor) 2594.7 20 7.7 (5.0, 11.9)

Poorest–Least Poor Ratio 1.85

Concentration Index �0.04

Chi-Square Trend p = 0.334

* Quintiles are based on child 1-4 years person-years lived, not households

The relationship between socio-economic status and overall under-5 mortality is
summarised in Table 2.3 and Figure 2.2. The data presented indicate that under-5
mortality is higher in the poorest quintiles and lower for the rest of the quintiles.
Its pattern is very similar to that of the infant. The data reveal that children of the
poorest are 53% more likely to die before reaching their fifth birthday than those of
the better off households. The gradient for under-5 mortality is not very consistent
between the fourth and fifth quintiles. The under-5s in poorest households have
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Table 2.3 Under-5 mortality and socio-economic status

Quintile Under-5 Person Years

Observed

Deaths

0-4 yr

Under-5 Mortality
Rate (95%)

1st (Poorest) 3405.2 125 36.7 (30.8, 43.7) *

2nd 3433.2 108 31.5 (26.1, 38.0)

3rd 3379.5 98 29.0 (23.8, 35.3)

4th 3423.9 107 31.3 (25.9, 37.8)

5th (Least Poor) 3457.8 83 24.0 (19.4, 29.8)

Poorest–Least poor Ratio 1.53

Concentration Index �0.07

Chi-Square Trend p = 0.007

* Quintiles are based on under-5 person-years lived, not households
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similar inequitable poor-least poor risks of dying as the infants. This indicates the
differentials noted at infancy have shaped the relationship between socio-economic
status and under-5 mortality. If the socio-economic status of the poorest households
were improved to the level of the better off, then about 13 lives per 1,000 children
under five could be saved annually (rate difference).

Socio-economic Status and Mosquito Net Ownership

Consistent use of insecticide treated mosquito nets has been shown to protect
individuals from insect bites, especially mosquitoes, to reduce the transmission of
mosquito related diseases such as malaria in children, and to substantially lower the
risk of both malaria morbidity and all-cause under-5 mortality (Lengeler, 1998). In
Tanzania and in the study area, mosquito nets are not available free of charge. They
are sold at either commercial or social market prices. As there is a cost component
involved in the purchase of mosquito nets, the most socially disadvantaged groups
may not have as much access to the protective effect of mosquito nets. The Rufiji DSS
conducted a net owner and user study in the October 2000-January 2001 round during
the general asset survey. The objective was to measure the coverage of mosquito net
and treated mosquito net use within households especially among children under five
years of age.

The relationship between socio-economic status and mosquito net ownership is
presented in Table 2.4 and Figure 2.3. The results indicate consistently that non-
ownership of mosquito nets is associated with the lower socio-economic quintiles.
While in the poorest household only about 6% own nets, the proportion is more than
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Table 2.4 Mosquito net ownership by socio-economic status

Quintile No. Without
Mosquito

nets

No. of
Households
per Quintile

% Households
in Quintile

% of Quintile
Population

without
Mosquito nets

(95% CI)

5th (Least Poor) 2723 2888 20% 94.3

4th 2470 2888 20% 85.5

3rd 2277 2888 20% 78.8

2nd 1496 2887 20% 51.8

1st (Poorest) 2277 2888 20% 78.8

Poorest–Least Poor Ratio 1.82

Concentration Index �0.33

Chi-square Trend p<0.000

* Quintiles are based on households
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Figure 2.2 Under-5 mortality by wealth quintile in the Rufiji DSS area 2000
Note that mortality is expressed as a rate per 1,000 under-5 person years observed, and not the
conventional deaths per 1000 live births or 5q0 which would be approximately 4.5 times
higher.

Figure 2.3 Mosquito net ownership (expressed as no coverage) in the Rufiji
DSS area by wealth quintiles, 2000
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eight times higher for the better off. The poorest/least poor ratio of non-ownership
of 1.82 reveals that there is a large inequality between the poorest and the better off
in terms of mosquito net ownership in the study area. Since the mosquito nets are
sold one can postulate that the poorest are unable to purchase them at the prices
offered in 2000 (approximately $3.00-4.00 USD) possibly due to low purchasing
power coupled with low access to information. This result is about the same as the
poorest-least poor ratio of non-coverage 1.82 found by a district-wide, randomised
household survey of health behaviours conducted in Rufiji District in the previous
year, 1999 (Armstrong Schellenberg, 2000) suggesting that inequalities are slowly
being addressed at current prices and accelerated progress is urgently required before
this ratio can approach 1.0.

Evidence however is mounting that households without nets, if in proximity (less
than 300 meters) from a household with treated nets, will benefit significantly with
regard to lower malaria indices, anaemia, and risk of death (Binka, Indome and Smith,
1998; Howard et al., 2000; Hawley et al., 2003). Further studies are underway in the
Rufiji DSS area to determine what level of coverage, and what spatial distribution of
users and non-users, will contribute to wider effective coverage of the poorest as well
as the least poor.

Conclusions

This study has shown a relationship between socio-economic status and health
indicators with particular focus on the differentials between the poorest and the least
poor. PCA was applied to a set of asset and household variables that have relationship
with socio-economic status. The first principal component, accounting for most of the
variance among the asset and service variables was employed to obtain an index as a
proxy of socio-economic status of the households. Based on the value of the asset and
household variables as well as using the scoring weights obtained for these variables
each household and its members was assigned to a specific quintile.

The study also attempted to check the internal consistency of the index developed
by examining its distribution against the quintiles of the household variables that had
been used for its creation. The results revealed expected patterns on how the asset and
household variables change with the quintiles. This was noted for variables such as
bicycles, radio, sofa, wardrobes, use of firewood and access to water. The exception is
for land, poultry and owning a house where the poorest have more access than the
better off. Most of these assets, being a rural area, are likely to be owned by the
indigenous and not the new comers, most of whom are salaried employees. In general,
the index developed appears to be useful in capturing some form of material well-
being at household level.

Using quintiles generated from the PCA, the study has shown that the poorest
have higher mortality rates then the least poor. In addition, the study has revealed
that mosquito net ownership is wholly inadequate in the poorest households and that
there are profound inequalities in access to this particular protection against malaria
morbidity and mortality as delivered in the Rufiji District at the time of the survey.

The findings call for more attention to strategies or approaches for reducing health
inequalities. These could include reforms in the health sector to provide more
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equitable resource allocation, improvement in the quality of the health services
offered to the poor, and redesigning interventions and their delivery to ensure they are
more pro-poor. Such proactive measures will be important if health equity goals at
community level are to be achieved.

Finally, the study shows that DSS operations can host manageable asset surveys
and that a PCA approach to such data is surprisingly sensitive to differences in socio-
economic status. These gradients are sufficient to predict differences in health
outcomes such as child mortality, as well as access to health interventions, even though
the source population might appear to be broadly homogeneous with regards to poverty.

This study sets the stage for more in-depth equity research and intervention. The
next stage of equity work in the Rufiji DSS will attempt to understand the determinants
of these inequalities and will start by conducting a spatial analysis of the distribution
of households across quintiles, and their physical access to health services. Global
satellite positioning of all households has now been completed and staff have been
trained in geographic information systems analysis. Inter-sectoral studies are being
developed to extend the range of determinants under study (e.g. food insecurity). The
long-term aim is to develop a platform for longitudinal, inter-sectoral studies to support
and monitor progress in poverty alleviation and health development interventions.
In parallel with these studies, work will begin on establishing routine monitoring of
trends in poverty and inequality with a focus on how to package such results in ways
that facilitate mitigating interventions by policy makers and service providers.
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Appendix 2.1 English Translation of Asset Survey Questionnaire Nested into
a DSS Survey

Rufiji DSS Asset Survey, October 2000 – January 2001

Does anyone in this household own any of the following items?

1. Bicycle ........................................................................................�Y�N
2. Car ..............................................................................................�Y�N
3. Motorbike ...................................................................................�Y�N
4. Radio...........................................................................................�Y�N
5. Refrigerator or freezer ................................................................�Y�N
6. Television ...................................................................................�Y�N
7. Clock/watch ................................................................................�Y�N
8. Own Land ...................................................................................�Y�N
9. Sofa .............................................................................................�Y�N

10. Wooden bed ................................................................................�Y�N
11. Electric Iron ................................................................................�Y�N
12. Mattress (foam/cotton) ...............................................................�Y�N
13. Own House .................................................................................�Y�N
14. Radio cassette .............................................................................�Y�N
15. Wardrobe ....................................................................................�Y�N
16. Water pump.................................................................................�Y�N
17. Livestock ....................................................................................�Y�N
18. Sewing machine..........................................................................�Y�N
19. Poultry.........................................................................................�Y�N
20. Mosquito net ...............................................................................�Y�N
21. Satellite dish ...............................................................................�Y�N
22. Fan ..............................................................................................�Y�N
23. Do you rent this house ................................................................�Y�N

What are the floors of this house made of?............................................................................�
1=Earth, 2=Wood, 3=Tiles, 4=Cement, 5=Other

What are the walls of this house made of?.............................................................................�
1=Stone, Coral Block, Cement block, Burnt bricks, 2=Mud bricks (plastered or
unplastered), wood, 3=Galvanized, mud & stick, mud, 4=Grass, Cardboard, 5=Other

What is the roof of this house made of?.................................................................................�
1=Tiles, concrete, cement, 2=Galvanized iron or asbestos,
3=Bamboo, wood, mud, grass, thatch, 4=Other

How many rooms are used for sleeping in this household? ...................................................�

What is the main source of drinking water for this household? .............................................�
1=piped into residence, 2=rain water harvesting, 3=public tap, 4=vendor,
5=river, canal, spring, 6=other

What is the time in minutes to the main water source? ..........................................................�

What is the main toilet facility for this household?................................................................�
1=Private Flush, 2=Shared flush, 3=VIP or pit, 4=Neighbour or bush, 5=other

What is the main source of energy for cooking in this household?........................................�
1=Electricity, propane, or solar, 2=biogas, kerosene or charcoal, 3=firewood,
4=crop residue, coconut husks, sawdust, animal dung, chaff, grass, 5=other
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Appendix 2.2 Distribution of assets and housing conditions by quintiles (%)
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