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Abstract

Objective To explore trends in socioeconomic disparities and under-five mortality rates
in rural parts of United Republic of Tanzania between 2000 and 2011.

Methods We used longitudinal data on births, deaths, migrations, maternal
educational attainment and household characteristics from the Ifakara and Rufiji health
and demographic surveillance systems. We estimated hazard ratios (HR) for
associations between mortality and maternal educational attainment or relative
household wealth, using Cox hazard regression models.

Findings The under-five mortality rate declined in Ifakara from 132.7 deaths per
1000 live births (95% confidence interval, Cl: 119.3—147.4) in 2000 to 66.2 (95%Cil:
59.0-74.3) in 2011 and in Rufiji from 118.4 deaths per 1000 live births (95% CI: 107.1—
130.7) in 2000 to 76.2 (95% CI: 66.7-86.9) in 2011. Combining both sites, in 2000—
2001, the risk of dying for children of uneducated mothers was 1.44 (95% CI: 1.08—
1.92) higher than for children of mothers who had received education beyond primary
school. In 2010-2011, the HR was 1.18 (95% CI: 0.90-1.55). In contrast mortality
disparities between richest and poorest quintiles worsened in Rufiji, from 1.20 (95% CI:
0.99-1.47) in 2000—2001 to 1.48 (95% CI: 1.15-1.89) in 2010-2011, while in Ifakara,
disparities narrowed from 1.30 (95% CI: 1.09-1.55) to 1.15 (95% CI: 0.95-1.39) in the
same period.

Conclusion While childhood survival has improved, mortality disparities still
persist, suggesting a need for policies and programmes that both reduce child mortality
and address socioeconomic disparities.
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Introduction
Despite evidence that social, demographic and residential disparities in the mortality of children
younger than 5 years have declined, in many low-income countries — especially in sub-Saharan

. . ... . .1 . . 2-7
Africa — such disparities still exist.” Measures of socioeconomic status such as poverty,

5,8-10 11,12 13,14

maternal educational attainment, social class, geographical setting, and rural and
remote residence'>'® have all been shown to be associated with under-five mortality rates.
However, less is known about whether socioeconomic disparities decrease as a result of

reduction in child mortality.

In United Republic of Tanzania, the under-five mortality rate has declined by 40% from
137 deaths per 1000 live births in 1992-1996 to 81 in 2006-2010."*° However, there are still
disparities in risk of death among children younger than 5 years. Mortality is highest among
infants, boys, children of uneducated mothers, children of youngest or oldest mothers and

children from relatively poor households.

Here we describe the mortality transition between 2000 and 2011 in three rural districts
of United Republic of Tanzania and show the longitudinal associations with indicators of health

equity, i.e. maternal and household factors.

Methods

Surveillance system characteristic

We used data from the Ifakara Health Institute’s integrated health and demographic surveillance
system that continuously collected data on mortality levels in conjunction with data on social and
economic factors.”'** The data cover the entire population of the surveillance sites, their
household relationships and demographic events such as births, deaths and migration in and out

of households.

The surveillance system collects data in three rural districts in the United Republic of
Tanzania. The Rufiji surveillance system is located in Rufiji district in the eastern part of the
country while the Ifakara surveillance system is located in Kilombero and Ulanga districts in the
south central part of the country. The surveillance sites cover approximately 4200 km” (1800 in
Rufiji and 2400 in Ifakara) and 58 villages (33 in Rufiji and 25 in Ifakara). The sites are largely

rural with economies that are dominated by subsistence farming, fishing and petty trading.zl’22
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Baseline census data were obtained in September 1996 for the Ifakara surveillance
population and in November 1998 for the Rufiji surveillance population. Since then, the data
have been updated in 120-day intervals by interviewers revisiting households to register the
occurrence of all births, deaths, household migrations and marital status changes. Pregnancies
are documented and pregnancy outcomes are solicited in subsequent household visits. In annual
cycles, data on socioeconomic indicators are collected such as level of education, occupation and
household socioeconomic status measured with proxy markers — such as household possessions,

household water and sanitation and building materials.

In the beginning of 2011, the total surveillance population was about 190 000 persons
(82 012 persons in Rufiji and 108 655 persons in Ifakara), of which 22 981 (12.1%) were
younger than 5 years. Major causes of mortality for these children included malaria and fever,
pneumonia, prematurity and low birth weight, birth injuries, asphyxia, anaemia and

malnutrition.?

Data Analysis

Variable definitions

We collected information on all children younger than 5 years living in the surveillance sites
between 1 January 2000 and 31 December 201 1. Beginning with all children younger than

5 years on 1 January 2000, we added children who entered the surveillance system through birth
or migration into the study area. Children were observed until the end of the study period, 31
December 2011, unless they were censored due to death, migration out the study area or reaching

the age of 5 years.

Variables included sex of child, birth order (first, second, third and fourth or higher),
maternal age at birth of child (younger than 20, 20-34 and older than 35 years), maternal
educational attainment (none, incomplete primary level, complete primary level and secondary
level or more) and household wealth quintile (first, second, middle, fourth and fifth, where first
represent the poorest and the fifth the richest). Time period was included into the analysis as a

continuous variable from 2000 to 2011 to account for changes in mortality over time.

Classifying relative wealth

We constructed an asset index as a proxy for wealth using the principal components analysis

(PCA).** PCA has been shown to be reliable method for classifying relative socioeconomic
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status in rural households in developing settings.”*® Information used to create the assets index
included ownership of means of mobility, possession of electronic and electric devices,
ownership of household equipment, landholding, livestock, household construction, and type of

energy used for cooking or lighting.

Data limitations

Household socioeconomic data were collected each year in Ifakara since 1997. In Rufiji
however, data were collected in 2000, 2004 and in every year since 2007. For the years lacking
these data, we used the most recent estimate available. This limitation to our data involved the
assumption that the most recent assessment of household socioeconomic status was applicable to
subsequent periods and therefore, that household socioeconomic status did not change between

2000 and 2002, between 2003 and 2005 and between 2006 and 2007.

We did not control for possible confounding factors related to child characteristics, such
as birth type (single or multiple), or maternal characteristics, such as marital status changes,
presence or absence of household heads or the geographic remoteness of households because

these data were only collected from 2003 onwards.

Regression models

The overall trends in under-five mortality for the period 20002011 were calculated using
Kaplan-Meier analysis.”” We used the Cox proportional hazard model® to test for associations
between the risk of child death and characteristics of children, mothers and households with

multivariate controls. The efron method was used to handle tied failures.”

A multivariate model of child survival was created to measure the relationship between
mortality and maternal, child and household characteristics. This multivariate hazard regression

model (model 1) was constructed as follows:
Inh(t/x,2) = ho(® +Tics Bxi + Tj &y +az (1)

Where /1 defines the hazard of childhood death for exact ages in days from 7 =0 to 60
months and x defines / indicators of maternal or child characteristics that are unrelated to equity
and y defines J indicators of social and economic disparity and z defines time in periods of two

calendar years each.
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To determine whether mortality disparities by wealth quintiles and educational status
were changing during the mortality transition, a model was created that assessed for interactions
between time and maternal educational attainment and between time and household wealth. This

multivariate hazard regression model (model 2) was constructed as follows:

Inh(t/x,z) = ho(t) + Xl Bix; + Zj::l 8y +aizy +Yijwixizy +

Zj::l PiVizy (2)

For both model 1 and model 2, three analyses were conducted, one using the Ifakara data
set, one using the Rufiji data set and a third using the combined data set. For each main effects
variable coefficient, a P-value of 0.05 was defined as statistically significant. For the model 2,

30-32 . ) .
we assessed the interaction coefficients

because of low statistical power for interaction tests,
with an error rate of 20% rather than the traditional 5%.>* For statistical analyses, we used Stata

version 13.1 (StataCorp. LP, College Station, United States of America).

Ethical statement

Following an explanation of the health and demographic surveillance system, each participant in
the surveillance system is asked to provide written informed consent (parents, guardians or next
of kin, on behalf of all minors/children enrolled in our study). Local leaders at village and district
levels were informed about the survey and the use of data. Respondents remained anonymous.
The data collection procedure was reviewed and approved by the ethical review committees of
the Ministry of Health and Social Welfare of United Republic of Tanzania, the National Medical
Research Coordination Committee of National Institute for Medical Research and the Ifakara
Health Institute’s Institutional Review Board. We sought authorization for use of data from the
Ifakara Health Institute through the Connect project (IHI/IRB/No.16-2010). Ethical clearance for
the analysis was accorded by the Columbia University Medical Center Institutional Review

Board (Protocol-AAAF3452).

Results

Characteristics
During the period 2000-2011, 140 162 children younger than 5 years were resident in study
sites, of which 55.7% (78 136) was registered in Ifakara and 44.3% (62 026) in Rufiji. They

contributed to a combined 325 960 person-years of observation. Half of the children were boys,
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39 034 boys in Ifakara and 30 919 boys in Rufiji. Forty-seven percent (28 861) of mothers in
Rufiji and 35.2% (27 472) in Ifakara did not have any formal education. Of the 83 929 mothers
who were educated, 14.6% (11 412 if Ifakara and 9074 in Rufiji) had not completed the primary
level of education. In Ifakara, 47.8% (37 349) of the mothers had completed the primary level,
corresponding percentage was 35.0% (21 689) in Rufiji. Only 2.4% (1903) of mothers in Ifakara
and 3.9% (2402) in Rufiji acquired schooling beyond the secondary level. Children living in the
poorest quintile of households were 14 828 in Ifakara and 10 256 in Rufiji (Table 1).

Trends

The under-five mortality rate, measured as a probability of dying before 5 years of age, declined
by 43.4%, from 124.4 deaths per 1000 live births in 2000 (95% confidence interval, CI: 115.7-
133.7) to 70.4 in 2011 (95% CI: 64.5-76.7). During this period, the reduction was greater in
Ifakara — from 132.7 deaths per 1000 live births (95% CI: 119.3-147.4) to 66.2 (95% CI: 59.0—
74.3) — than Rufiji — from 118.4 deaths per 1000 live births (95% CI: 107.1-130.7) to 76.2 (95%
CI: 66.7-86.9). There was a slight increase in deaths between 2010 and 2011 (Fig. 1).

Regression models

Model 1

Boys, children of low birth order, children of youngest or oldest mothers, children of uneducated
mothers and mothers who have attended only primary school and children of poor households
had a statistically significant higher risk of dying compared to others. Overall, children living in
the poorest quintiles of households had a risk of dying that was 1.28 (95% CI: 1.18-1.38) times
greater than children living in richest households. Children of uneducated mothers had a risk of
dying that was 1.31 (95% CI: 1.12—1.54) times greater than children whose mothers had received
education beyond primary school. Over the course of the study period, the risk of dying was
significantly reduced by more than one-third in Ifakara and in Rufiji. Overall, in 2010-2011 the
risk of dying was 0.65 (95% CI: 0.60-0.71) times lower than 2000-2001 (Table 2).

Model 2

Mortality disparities according to maternal educational attainment slightly decreased over time at
both surveillance sites. However, reduction in the risk of dying over time for children of

uneducated mothers compared to children of mothers who had received education beyond a
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primary school was not significant in Ifakara and Rufiji, HR: 0.97 (95% CI: 0.84-1.11) and HR:
0.93 (95% CI: 0.83-1.05), respectively (Table 3).

Disparities in mortality due to household wealth showed opposite patterns between the
two surveillance sites. In Ifakara, mortality disparities between children living in richest
households and those living in poorer quintiles of households slightly declined over time. Only
children living in households that belonged to the second quintile showed a statistically
significant reduction (HR: 0.97; 95% CI: 0.94-1.00). In Rufiji, wealth-based disparities in
mortality widened over time. There was a significant increase between children living in the
richest households and those living in households belonging to the second through fourth
quintiles. Over time, the risk of dying for children living in the second quintile was 1.04 times

(95% CI: 1.00-1.08) that of children living in fifth quintile, for example (Table 3).

Table 4and Table 5 show how mortality disparities have been fluctuating over time. In
2000-2001, in Ifakara, the risk of dying for children of uneducated mothers was 1.44 (95% CI:
0.92-2.27) higher than for children of mothers who had received education beyond a primary
school. In Rufiji, this risk was 1.52 (95% CI: 1.05-2.21). In 2010-2011 this risk had decreased to
1.21 (95% CI: 0.81-1.82) in Ifakara and 1.08 (95% CI: 0.74—1.58) in Rufiji.

Results for household wealth showed that over time mortality disparities between richest
and poorer quintiles worsened in Rufiji while in Ifakara, disparities narrowed slightly. In Rufiji,
in 2000-2001 the mortality HR for children living in poorest households was 1.20 (95% CI:
0.99-1.47) times higher than for those living in richest households. In 2010-2011, the HR had
increased to 1.48 (95% CI: 1.15-1.89). In Ifakara, such disparities decreased from 1.30 (95% CI:
1.09-1.55) in 2000-2001 to 1.15 (95% CI: 0.95-1.39) in 2010-2011.

Discussion

Many developing countries are currently undergoing rapid demographic, economic and under-
five mortality transitions. In these countries, research on socioeconomic health inequalities
usually focus only on childhood mortality and its determinants.” Few studies have explored
trends in social and economic disparities associated with rapid mortality decline in sub-Saharan

Africa.
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Here we show a decline in under-five mortality rate between 2001 and 2011 in Rufiji and
Ifakara surveillance sites. However, variables such as sex of child, maternal age and educational
attainment and the relative household wealth are still associated with an increased risk. During
the under-five mortality transition, indicators of social and economic disparities have not
narrowed. Thus, while our research confirms other studies in the improvement in childhood
mortality, we demonstrate that equity problems remain despite this progress.>*° It has been
shown that there is a differential improvement in proximate mortality determinants across

. . . . . 37
socioeconomic groups, with slower and later improvements among more disadvantaged groups.

National estimates in United Republic of Tanzania have also shown declines in under-
five mortality rates during 2001 and 2011, particularly after 2005 and most prominently in rural
areas.”’ This decline in rural areas is probably related to health system improvement and other
factors, such as increased coverage of immunization, of insecticide-treated nets and access to
clean and safe water.”®*! Since 2000, public expenditure on health has increased twofold in the
country. More resources may enable district health teams to allocate funds for cost—effective
interventions in line with the local burden of diseases.** The Integrated Management of
Childhood Illness approach, vitamin A supplementation, immunization and insecticide-treated

nets were introduced and scaled up during this period.*®

Our findings on the associations between disparities in under-five mortality rate and
social and demographic characteristics of children and their mothers are consistent with previous

.. . 8,10,25.43
studies in sub-Saharan Africa.®®!%?>

It has been demonstrated that in sub-Saharan Africa, boys
have a higher risk of dying compared to girls.**~*® Higher maternal educational has been shown
to be associated with lower under-five mortality rate at a national level in United Republic of
Tanzania®® and elsewhere.*'® Our findings that childhood mortality disparities by maternal
educational attainment narrowed slightly over time are consistent with findings from south

. 4748
Asia.

4349 and other low- and middle-income

In rural areas of the United Republic of Tanzania
countries™ household wealth is a predictive factor of disparities in under-five mortality. During
our study period, mortality disparities between poorest and richest worsened in Rufiji and
remained stable in Ifakara. Therefore, improved child survival does not necessarily indicate

improved equity. These findings are consistent with previous studies from Malawi,”*
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Bangladesh® and Chile™ but inconsistent with an Indonesian study showing that socioeconomic
inequities in childhood mortality declined during a period of economic growth and improved

child survival.*’

In conclusion, our findings suggest that children from all socioeconomic strata are
benefitting from improved child survival. We also provide evidence that mortality disparities by
maternal educational attainment and household wealth have not significantly narrowed. These
results suggest that the longstanding equity problems of rural areas of the country still persist.
Policies and health programmes are needed to reduce mortality, and offset social and economic

disparities between population subgroups.

Acknowledgements
We thank Mrema Sigilbert, Shamte Amri and Anna Larsen.

Funding:

The study was financed by grants to Columbia University from the Doris Duke Charitable
Foundation (DDCF) and support of the Ifakara Health Institute from Comic Relief.

Competing interests:

None declared.

References
1. The Millennium Development Goals Report 2012. New York: United Nations; 2012.

2. Hobcraft JN, McDonald JW, Rutstein SO. Socioeconomic factors in infant and child
mortality: a cross-national comparison. Popul Stud (Camb). 1984 Jul;38(2):193—
223. http://dx.doi.org/10.1080/00324728.1984.10410286 PMID:11621399

3. Gwatkin DR. Health inequalities and the health of the poor: what do we know? What
can we do? Bull World Health Organ. 2000;78(1):3—18. PMID:10686729

4. Houweling TAJ, Kunst AE, Mackenbach JP. Measuring health inequality among
children in developing countries: does the choice of the indicator of economic
status matter? Int J Equity Health. 2003 Oct 9;2(1):8.
http://dx.doi.org/10.1186/1475-9276-2-8 PMID:14609435

5. Sastry N. Trends in socioeconomic inequalities in mortality in developing countries:
the case of child survival in Sao Paulo, Brazil. Demography. 2004
Aug;41(3):443-64. http://dx.doi.org/10.1353/dem.2004.0027 PMID:15461009

6. Armstrong Schellenberg JRM, Mrisho M, Manzi F, Shirima K, Mbuya C, Mushi AK, et
al. Health and survival of young children in southern Tanzania. BMC Public
Health. 2008;8(1):194. http://dx.doi.org/10.1186/1471-2458-8-194
PMID:18522737

Page 9 of 19



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.15.154658

7. Pamuk ER, Fuchs R, Lutz W. Comparing relative effects of education and economic
resources on infant mortality in developing countries. Popul Dev Rev.
2011;37(4):637—64. http://dx.doi.org/10.1111/j.1728-4457.2011.00451 .x
PMID:22319768

8. Caldwell JC. Education as a factor in mortality decline: An example of Nigerian data.
Popul Stud (NY). 1979;33(3):395-413. http://dx.doi.org/10.2307/2173888

9. Hobcraft J. Women’s education, child welfare and child survival: a review of the
evidence. Health Transit Rev. 1993 Oct;3(2):159-75. PMID:10146571

10. Bicego GT, Boerma JT. Maternal education and child survival: a comparative study
of survey data from 17 countries. Soc Sci Med. 1993 May;36(9):1207-27.
http://dx.doi.org/10.1016/0277-9536(93)90241-U PMID:8511650

11. Brockerhoff M, Hewett P. Inequality of child mortality among ethnic groups in sub-
Saharan Africa. Bull World Health Organ. 2000;78(1):30—41. PMID:10686731

12. Sasiwongsaroj K. Socioeconomic inequalities in child mortality: a comparison
between Thai Buddhists and Thai Muslims. J Health Res. 2010;24(2):81-6.

13. Okwaraji YB, Cousens S, Berhane Y, Mulholland K, Edmond K. Effect of
geographical access to health facilities on child mortality in rural Ethiopia: a
community based cross sectional study. PLoS ONE. 2012;7(3):e33564.
http://dx.doi.org/10.1371/journal.pone.0033564 PMID:22428070

14. Schoeps A, Gabrysch S, Niamba L, Sié A, Becher H. The effect of distance to
health-care facilities on childhood mortality in rural Burkina Faso. Am J
Epidemiol. 2011 Mar 1;173(5):492-8. http://dx.doi.org/10.1093/aje/kwq386
PMID:21262911

15. Fotso J-C. Child health inequities in developing countries: differences across urban
and rural areas. Int J Equity Health. 2006;5(1):9. http://dx.doi.org/10.1186/1475-
9276-5-9 PMID:16831231

16. Doctor HV. Does living in a female-headed household lower child mortality? The
case of rural Nigeria. Rural Remote Health. 2011;11(2):1635. PMID:21486098

17. Tanzania Demographic and Health Survey 1991/2. Calverton: ICF Macro; 1993.
18. Tanzania Demographic and Health Survey 1996. Calverton: ICF Macro; 1996.
19. Tanzania Demographic and Health Survey 2004. Calverton: ICF Macro; 2005.
20. Tanzania Demographic and Health Survey 2010. Calverton: ICF Macro; 2011.

21. Mrema S, Kante AM, Levira F, Mono A, Irema K, de Savigny D, et al. Health &
demographic surveillance system profile: the Rufiji health and demographic
surveillance system (Rufiji HDSS). Int J Epidemiol. 2015 Apr;44(2):472-83.
http://dx.doi.org/10.1093/ije/dyv018 PMID:25747869

22. Geubbels E, Amri S, Levira F, Schellenberg J, Masanja H, Nathan R. Health &
demographic surveillance system profile: the Ifakara rural and urban health and
demographic surveillance system (lfakara HDSS). Int J Epidemiol. 2015
Jun;44(3):848—61. http://dx.doi.org/10.1093/ije/dyv068 PMID:25979725

Page 10 of 19



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.15.154658

Kanté AM, Nathan R, Helleringer S, Sigilbert M, Levira F, Masanja H, et al. The
contribution of reduction in malaria as a cause of rapid decline of under-five
mortality: evidence from the Rufiji Health and Demographic Surveillance System
(HDSS) in rural Tanzania. Malar J. 2014;13(1):180.
http://dx.doi.org/10.1186/1475-2875-13-180 PMID:24885311

Filmer D, Pritchett L. The effect of household wealth on educational attainment:
evidence from 35 countries. Popul Dev Rev. 1999;25(1):85—-120.
http://dx.doi.org/10.1111/j.1728-4457.1999.00085.x

Wagstaff A. Socioeconomic inequalities in child mortality: comparisons across nine
developing countries. Bull World Health Organ. 2000;78(1):19-29.
PMID:10686730

Filmer D, Pritchett LH. Estimating wealth effects without expenditure data—or tears:
an application to educational enrollments in states of India. Demography. 2001
Feb;38(1):115-32. PMID:11227840

Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am
Stat Assoc. 1958;53(282):457-81.
http://dx.doi.org/10.1080/01621459.1958.10501452

Cox DR. Regression models and life tables. R Stat Soc Series B Stat Methodol.
1972;34:187-220.

Efron B. The Efficiency of Cox’s Likelihood Function for Censored Data. J Am Stat
Assoc. 1977;72(359):557-65.
http://dx.doi.org/10.1080/01621459.1977.10480613

Greenland S. Tests for interaction in epidemiologic studies: a review and a study of
power. Stat Med. 1983 Apr-Jun;2(2):243-51.
http://dx.doi.org/10.1002/sim.4780020219 PMID:6359318

Marshall SW. Power for tests of interaction: effect of raising the Type | error rate.
Epidemiol Perspect Innov. 2007;4(1):4. http://dx.doi.org/10.1186/1742-5573-4-4
PMID:17578572

Selvin S. Statistical analysis of epidemiologic data. Oxford: Oxford University Press;
2004. p 512. http://dx.doi.org/10.1093/acprof:0s0/9780195172805.001.0001

Houweling TA, Kunst AE. Socio-economic inequalities in childhood mortality in low-
and middle-income countries: a review of the international evidence. Br Med Bull.
2010;93(1):7-26. http://dx.doi.org/10.1093/bmb/Idp048 PMID:20007188

Zere E, Moeti M, Kirigia J, Mwase T, Kataika E. Equity in health and healthcare in
Malawi: analysis of trends. BMC Public Health. 2007;7(1):78.
http://dx.doi.org/10.1186/1471-2458-7-78 PMID:17504530

Khan MMH, Kramer A, Khandoker A, Prifer-Kramer L, Islam A. Trends in
sociodemographic and health-related indicators in Bangladesh, 1993-2007: will
inequities persist? Bull World Health Organ. 2011 Aug 1;89(8):583—-93.
http://dx.doi.org/10.2471/BLT.11.087429 PMID:21836757

Page 11 of 19



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.15.154658

Hertel-Fernandez AW, Giusti AE, Sotelo JM. The Chilean infant mortality decline:
improvement for whom? Socioeconomic and geographic inequalities in infant
mortality, 1990—2005. Bull World Health Organ. 2007 Oct;85(10):798-804.
PMID:18038062

Victora CG, Vaughan JP, Barros FC, Silva AC, Tomasi E. Explaining trends in
inequities: evidence from Brazilian child health studies. Lancet. 2000 Sep
23;356(9235):1093-8. http://dx.doi.org/10.1016/S0140-6736(00)02741-0
PMID:11009159

Masanja H, de Savigny D, Smithson P, Schellenberg J, John T, Mbuya C, et al.
Child survival gains in Tanzania: analysis of data from demographic and health
surveys. Lancet. 2008 Apr 12;371(9620):1276—83.
http://dx.doi.org/10.1016/S0140-6736(08)60562-0 PMID:18406862

Schellenberg JRM, Abdulla S, Nathan R, Mukasa O, Marchant TJ, Kikumbih N, et
al. Effect of large-scale social marketing of insecticide-treated nets on child
survival in rural Tanzania. Lancet. 2001 Apr 21;357(9264):1241-7.
http://dx.doi.org/10.1016/S0140-6736(00)04404-4 PMID:11418148

The national road map strategic plan to accelerate reduction of maternal, newborn
and child death in Tanzania 2008—2015. Dar es Salaam: United Republic of
Tanzania Ministry of Health and Social Welfare; 2008.

UNICEF. Children and women in Tanzania. Volume |. Dar es Salaam: Mainland;
2010.

De Savigny D, Kasale H, Mbuya C, Reid G. Fixing health systems. 2nd ed. Ottawa:
International Development Research Centre; 2008.

Mwageni E, Masanja H, Juma Z, Momburi D, Mkilindi Y, Mbuya C, et al. Socio-
economic status and health inequalities in rural Tanzania: evidence from the
Rufiji demographic surveillance system. London: Ashgate Publishing; 2005. pp.
39-52.

Aaby P. Are men weaker or do their sisters talk too much? Sex differences in
childhood mortality and the construction of “biological” differences. In: Aaby P,
editor. The Methods and Uses of Anthropological Demography. Basu (AM):
Clarendon Press; 1998. pp. 223—45.

Sawyer CC. Child mortality estimation: estimating sex differences in childhood
mortality since the 1970s. PLoS Med. 2012;9(8):e1001287.
http://dx.doi.org/10.1371/journal.pmed.1001287 PMID:22952433

Wang H, Dwyer-Lindgren L, Lofgren KT, Rajaratnam JK, Marcus JR, Levin-Rector
A, et al. Age-specific and sex-specific mortality in 187 countries, 1970-2010: a
systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012
Dec 15;380(9859):2071-94. http://dx.doi.org/10.1016/S0140-6736(12)61719-X
PMID:23245603

Houweling TAJ, Kunst AE, Borsboom G, Mackenbach JP. Mortality inequalities in
times of economic growth: time trends in socioeconomic and regional inequalities
in under 5 mortality in Indonesia, 1982-1997. J Epidemiol Community Health.

Page 12 of 19



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.15.154658

2006 Jan;60(1):62-8. http://dx.doi.org/10.1136/jech.2005.036079
PMID:16361456

48. Houweling TAJ, Jayasinghe S, Chandola T. The social determinants of childhood
mortality in Sri Lanka: time trends & comparisons across South Asia. Indian J
Med Res. 2007 Oct;126(4):239—-48. PMID:18032799

49. Nattey C, Masanja H, Klipstein-Grobusch K. Relationship between household socio-
economic status and under-five mortality in Rufiji DSS, Tanzania. Glob Health
Action. 2013;6(2):19278. PMID:23364083

Page 13 of 19



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.15.154658

Table 1. Characteristics of the study population in Ifakara and Rufiji Health and
Demographic Surveillance Systems, United Republic of Tanzania, 2001-2011

Variable

No. (%)

All children

Ifakara

Rufiji

Total
Child
Sex
Boy
Girl
Birth order
First
Second or third
Fourth or more
Mother
Age group, years
<20
20-34
>35
Education
No education
Primary
incomplete
Primary
complete
Secondary or
more
Household
Wealth quintile®
First
Second
Third
Fourth
Fifth

140162 (100)

69 953 (49.9)
70209 (50.1)

51754 (36.9)
49134 (35.1)
39274 (28.0)

38 464 (27.4)
83 765 (59.8)
17933 (12.8)

56 333 (40.2)
20 486 (14.6)

59 038 (42.1)

4305 (3.1)

(
(
28299 (
26970 (20.8
24125 (18.6)

78136 (55.7)

39 034 (50.0)
39102 (50.0)

30 970 (39.6)
27 826 (35.6)
19340 (24.8)

21782 (27.9)
47 390 (60.7)
8 964 (11.5)

27 472 (35.2)
11412 (14.6)

37 349 (47.8)

1903 (2.4)

14 828 (
14545 (
15635 (
14320 (19.7
13419 (18.5

20.4)
20.0)
21.5)
)
)

62 026 (44.3)

30919 (49.9)
31107 (50.1)

20 784 (33.5)
21308 (34.4)
19934 (32.1)

16 682 (26.9)
36 375 (58.7)
8 969 (14.5)

28 861 (46.5)
9 074 (14.6)

21689 (35.0)

2 402 (3.9)

10256 (17
10981 (19
12664 (22.
12650 (22
10706 (18.7)

2 First quintile represents the poorest households and fifth quintile represents the richest. Overall, 6.9% of
households in Ifakara and 7.7% in Rufiji have missing data. These percentages varied by year. In 2000,
8.0% of households in Ifakara had missing data and 15.8% in Rufiji. In 2011, it was 9.4% in Ifakara and
7.1% in Rufiji.

Note: Inconsistencies arise in some values due to rounding. Ifakara health and demographic surveillance
system covers part of Kilombero and Ulanga districts in Morogoro region and Rufiji health and
demographic surveillance system covers the half of Rufiji district in Pwani region.
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Table 2. Characteristics of child, mother and household associated with the risk
of dying under the age of five years in Ifakara and Rufiji, United Republic of

Tanzania, 2000-2011

Variable

HR? (95% Cl)

Ifakara®

Rufiji°

All°

Child
Sex
Boy
Girl
Birth order
First
Second or third
Fourth or more
Mother
Age group, years
<20

1.08 (1.01-1.15)
Reference

1.38 (1.25-1.54)

Reference
1.18 (1.08-1.29)

1.07 (0.98-1.18)

1.08 (1.01-1.16)
Reference

1.34 (1.19-1.52)

Reference
1.11 (1.01-1.22)

1.04 (0.93-1.16)

1.08 (1.03-1.14)
Reference

1.40 (1.29-1.52)

Reference
1.17 (1.09-1.24)

1.04 (0.97-1.12)

20-34 Reference Reference Reference
>35 1.10 (0.99-1.23) 1.16 (1.04-1.30) 1.13 (1.05-1.22)
Education
No education 1.34 (1.05-1.70) 1.30 (1.05-1.61) 1.31 (1.12-1.54)
Primary incomplete  1.56 (1.23-1.99)  1.28 (1.02—-1.60) 1.49 (1.27-1.75)
Primary complete 1.27 (1.01-1.60) 1.15 (0.92-1.42) 1.27 (1.08—-1.48)
Secondary or more Reference Reference Reference
Household
Wealth quintile®
First 1.21 (1.08-1.34) 1.32 (1.17-1.49) 1.28 (1.18-1.38)
Second 1.06 (0.95-1.18) 1.18 (1.04-1.33) 1.11 (1.03-1.21)
Third 1.01 (0.91-1.12) 1.08 (0.96-1.22) 1.05 (0.97-1.14)
Fourth 1.04 (0.93-1.16)  1.13(1.00-1.27)  1.07 (0.99-1.16)
Fifth Reference Reference Reference
Time'
2000-2001 Reference Reference Reference
2002-2003 1.17 (1.05-1.31)  0.85 (0.76—0.95) 1.01 (0.93-1.09)
2004-2005 0.99 (0.88-1.10)  0.86 (0.76—0.96) 0.92 (0.85-1.00)
2006-2007 0.89 (0.80-1.00) 0.72 (0.64-0.81) 0.81 (0.75-0.88)
2008-2009 0.78 (0.69-0.87) 0.77 (0.68—0.86) 0.78 (0.72—-0.84)
2010-2011 0.63 (0.56—-0.71)  0.66 (0.58-0.76) 0.65 (0.60-0.71)

Cl: confidence interval; HR: hazard ratio.

# HRs were calculated using multivariate analysis and Cox model.

® In the analysis 73 047 children and 3744 events were included.

¢ In the analysis 58 366 children and 3019 events were included.

¢ In the analysis 131 413 children and 6763 events were included.

® First quintile represents the poorest households and fifth quintile represents the richest.

"We used two-year period averages to stabilize rates differentials due to few numbers of child deaths in

some years.
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Table 3. The interaction between under-5 mortality transition and maternal
educational attainment or household wealth in Ifakara and Rufiji, United Republic
of Tanzania, 2000-2011

Variable HR (95% CI)*

Ifakara® Rufiji® All°
Mother’s education
No education 1.50 (0.84-2.67) 1.63 (1.01-2.63) 1.50 (1.04-2.16)
Primary incomplete 1.29 (0.97-1.72) 1.26 (0.98-1.62) 1.32 (1.09-1.59)
Primary complete 1.12 (0.983-1.36) 1.09 (0.93-1.28) 1.13(1.00-1.27)
Secondary or more Reference Reference Reference
Household’s wealth,
quintile®’
First 1.33 (1.06-1.67) 1.16 (0.89-1.50) 1.27 (1.07-1.50)
Second 1.15(1.02-1.29)  0.96 (0.84-1.10) 1.06 (0.97—1.16)
Third 1.03 (0.95-1.11)  0.92 (0.84-1.00) 0.98 (0.93-1.04)
Fourth 1.01 (0.95-1.07) 0.98 (0.91-1.04) 0.99 (0.95-1.04)
Fifth Reference Reference Reference
Time period? 0.95 (0.83-1.09) 0.92 (0.82-1.04) 0.94 (0.86-1.03)
Wealth of
household*Time'
First*Time 0.98 (0.92-1.04) 1.04 (0.97-1.12) 1.00 (0.96-1.05)
Second*Time 0.97 (0.94-1.00) 1.04 (1.00-1.08) 1.00 (0.98-1.02)
Third*Time 0.99 (0.97-1.01) 1.04 (1.01-1.06) 1.01 (1.00-1.03)
Fourth *Time 1.00 (0.98-1.01)  1.02 (1.00-1.04) 1.01 (1.00-1.02)
Fifth*Time Reference Reference Reference

Mother’s education*Time

No education*Time

Primary incomplete*Time

Primary complete*Time

Secondary or more*Time

0.97 (0.84-1.11)

0.99 (0.92-1.07)

0.99 (0.94-1.03)
Reference

0.93 (0.83-1.06)

0.97 (0.91-1.03)

0.99 (0.95-1.03)
Reference

0.96 (0.88—1.05)

0.98 (0.93-1.03)

0.99 (0.96-1.02)
Reference

® HRs were calculated using multivariate analysis with interaction between time and mother’s education
attainment or household’s socioeconomic status, Cox model.

® In the analysis 73 047 children and 3744 events were included.

°In the analysis 58 366 children and 3019 events were included.

¢ In the analysis 131 413 children and 6763 events were included.

® First quintile represents the poorest households and fifth quintile represents the richest.
" The first quintile represents the poorest and the fifth quintile represents the richest.

9 We used two-year period averages to stabilize rates differentials due to few numbers of child deaths in
some years.

Note: We used Cox proportional hazard analysis with interaction between time and mother’s education
attainment or household’s socioeconomic status.
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Table 5. Hazard ratios comparing under-5 mortality and household wealth, in

Rufiji and Ifakara, United Republic of Tanzania, 2000-2011
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Note: First quintile represents the poorest and the fifth quintile represents the richest.
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Fig. 1. Under-five mortality trends in Ifakara and Rufiji, United Republic of
Tanzania, 2000-2011
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Note: Trends were calculated from the Kaplan—Meier survival function as the probability of dying between
birth and the fifth birthday (5q0).
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