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Summary

Background—Knowledge of the relation between health-system factors and child mortality

could help to inform health policy in low-income and middle-income countries. We aimed to

quantify modifiable health-system factors and their relation with provincial-level heterogeneity in

under-5, infant, and neonatal mortality over time in Mozambique.

Methods—Using Demographic and Health Survey (2003 and 2011) and Multiple Indicator

Cluster Survey (2008) data, we generated provincial-level time-series of child mortality in under-5

(ages 0–4 years), infant (younger than 1 year), and neonatal (younger than 1 month) age groups

for 2000–10. We built negative binomial mixed models to examine health-system factors

associated with changes in child mortality.

Findings—Under-5 mortality rate was heterogeneous across provinces, with yearly decreases

ranging from 11·1% (Nampula) to 1·9% (Maputo Province). Heterogeneity was greater for

neonatal mortality rate, with only seven of 11 provinces showing significant yearly decreases,

ranging from 13·6% (Nampula) to 4·2% (Zambezia). Health workforce density (adjusted rate ratio

0·94, 95% CI 0·90–0·98) and maternal and child health nurse density (0·96, 0·92–0·99) were both

associated with reduced under-5 mortality rate, as were institutional birth coverage (0·94, 0·90–

0·98) and government financing per head (0·80, 0·65–0·98). Higher population per health facility
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was associated with increased under-5 mortality rate (1·14, 1·02–1·28). Neonatal mortality rate

was most strongly associated with institutional birth attendance, maternal and child nurse density,

and overall health workforce density. Infant mortality rate was most strongly associated with

institutional birth attendance and population per health facility.

Interpretation—The large decreases in child mortality seen in Mozambique between 2000 and

2010 could have been partly caused by improvements in the public-sector health workforce,

institutional birth coverage, and government health financing. Increased attention should be paid

to service availability, because population per health facility is increasing across Mozambique and

is associated with increased under-5 mortality. Investments in health information systems and new

methods to track potentially increasing subnational health disparities are urgently needed.

Funding—Doris Duke Charitable Foundation and Mozambican National Institute of Health.

Introduction

Worldwide, deaths among children younger than 5 years decreased from an estimated 12

million to 6·6 million between 1990 and 2012.1 Sub-Saharan Africa saw a doubling of

annual reductions in under-5 (ie, age 0–4 years) mortality rate between 1990–2000 and

2000–10. Mozambique, which has had one of the highest rates of under-5 mortality in the

world, has made substantial progress towards achieving Millennium Development Goal 4

(MDG 4; to reduce the under-5 mortality rate by two-thirds between 1990 and 2015) target

of 75 per 1000 livebirths; nationally, the under-5 mortality rate fell from 226 per 1000

livebirths in 1990 to 97 per 1000 livebirths reported in the 2011 Demographic and Health

Survey (DHS).1,2 Worldwide, about 44% of child deaths occur during the neonatal period

(before age 1 month) and this proportion is increasing because neonatal mortality is

decreasing slower than is under-5 mortality.1 In Mozambique, neonatal deaths represented

23% of deaths before age 5 years in 1990 (neonatal mortality rate 53 per 1000 livebirths),

increasing to 31% in 2011 (neonatal mortality rate 30 per 1000 livebirths). Similar to

Mozambique, many countries have documented substantial reductions in under-5 mortality

nationally; however, efforts are needed to identify effective strategies to further accelerate

gains, especially for neonatal mortality. Strategies are also urgently needed to address

potentially increasing regional disparities in health improvements within countries.2

More than 75% of deaths before age 5 years in Mozambique are caused by infectious,

preventable diseases, with more than 60% attributable to malaria (42·3%), HIV (13·4%), and

pneumonia (6·4%).3 Other major causes of death are diarrhoeal diseases, malnutrition,

sepsis, and measles.4 For neonates, 35% of deaths are attributable to bacterial sepsis, and

10% to complications of pregnancy, labour, and delivery.4 Other major causes of death for

neonates are fetal development disorders (6%), malaria (6%), hypoxia and asphyxia (6%),

and pneumonia (4%).4 The Mozambican National Health Service is the primary provider of

formal health services in the country, with more than 90% of the population outside of the

capital city of Maputo seeking care from public-sector clinics. However, the system is

understaffed and underfunded relative to the high burden of infectious and chronic diseases.

Over the past decade, health-systems strengthening has been an important focus of efforts to

achieve MDG 4, with particular attention paid to the role of human resources for health and

the availability, access, and quality of safe delivery services.5 Several studies have examined
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the relation between health-system factors and under-5 mortality in low-income and middle-

income countries, but few to none (to our knowledge) have used longitudinal designs with

data resolutions below the national level.6-10

Individual-level determinants of under-5 mortality in low-income and middle-income

countries are well known and include the mother’s level of education, age, place of

residence, and access to water and sanitation; antenatal care; and the child’s place of birth

and birthweight.11-14 Previous cross-national studies have shown high physician density,

good access to water and sanitation, low government corruption, and high national incomes

to be protective for national under-5 mortality, with out-of-pocket health expenditures a risk

factor for under-5 mortality.8,15 Over the past decade, substantial effort and resources have

been dedicated to improving the Mozambican health system, including workforce

expansion, which has led to increases in health-worker density even while overall health

expenditures (excluding vertical funds) have remained low (6·2% of gross domestic product

[GDP] in 2009, or a per-head health expenditure of US$27).16-18

No previous studies have assessed the effect of changes in health-system factors on child

mortality in under-5, infant, and neonatal age groups in Mozambique—knowledge that is

crucial for guiding priority setting for resource allocation by the Ministry of Health and

donors. In the present study, we examine subnational trends in child mortality and their

relation to key variables related to health-system strength between 2000 and 2010, a period

during which Mozambique saw large reductions in child mortality.

Methods

Data sources and outcomes

We estimated provincial-level under-5 (ages 0–4 years), infant (younger than 1 year), and

neonatal (younger than 1 month) mortality from 2000 to 2010 in Mozambique using

publicly available data from the 2003 and 2011 DHS19 and the 2008 Multiple Indicator

Cluster Survey (MICS). Figure 1 shows the provincial structure of Mozambique.20 We

merged these three datasets and used them to calculate the provincial-level probability of a

child dying before their fifth birthday (under-5 mortality rate), before their first birthday

(infant mortality rate), and in their first month of life (neonatal mortality rate; all expressed

as deaths per 1000 livebirths) for each year of the 11-year period using direct life-table

estimation methods21 that are reliant on full birth history data. The 2003 DHS provided

provincial-level estimates for 2000–03; the 2008 MICS for 2000–08; and the 2011 DHS for

2000–10. The sample included 26 464 children in 2000, 20 936 children in 2005, and 10 697

children in 2010.

Explanatory factors

We selected explanatory variables on the basis of the existing scientific literature on the

determinants of under-5 mortality in low-income and middle-income countries,6-14 along

with WHO’s definition of the essential building blocks of health systems.22 We extracted

provincial-level yearly time-series covariate data from several sources and had these data

verified by the Ministry of Health before undertaking the final analyses. Data abstracted
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from the National Health Information System (Módulo Básico) were selected from

indicators previously shown to be of high data quality.23 All data for population

denominator were from population forecasts calculated from census projections from 1997

and 2007.24,25 We applied exchange rates, calculated yearly, from the Mozambique Central

Bank to expenditure data to convert Mozambican meticals to US$.

Overall health-workforce density was defined as the number of physicians, nurses,

midwives, medical assistants (clinical, surgery, and psychiatry technicians), and public

health personnel per 100 000 people in each province per year. Data were obtained from the

National Directorate of Human Resources. Physician and maternal and child health nurse

densities were defined as the number of physicians or maternal and child health nurses per

100 000 people, respectively. Health providers who held primary appointments at Ministry

of Health offices were excluded from calculations.

Service availability was captured by annual population per health facility, defined as the

provincial population divided by the number of public-sector health facilities in the same

year. Data were calculated by triangulation of the Módulo Básico to the National

Infrastructure Survey 2007. We calculated percentage birth attendance coverage using

reported institutional births over the estimated number of births based on fecundity and

population demographic data. Data for institutional births were from the Módulo Básico.

Annual expenditures on health per head included provincial government recurrent

expenditures and onbudget donor resources channelled through the common fund to

complement provincial expenditures. We calculated per-head figures for government and

donor expenditures separately, as well as combined. Both central funds managed directly by

the Ministry of Health for health programmes, pharmaceutical and equipment procurement,

and donor vertical funds were excluded because of unavailability of provincial-level data.

All health expenditure variables were based on data from the Ministry of Health Budget

Execution Reports 2000–10.26

Provincial-level GDP per head was the total annual production divided by the total

population in each province. We estimated annual HIV prevalence in children younger than

5 years for each region in the country using official Ministry of Health statistics.27

Statistical analysis

Our analysis plan included univariate analyses of variables across time and provinces; initial

scatterplots to visualise explanatory variables across strata of under-5, infant, and neonatal

mortality to identify outliers and determine functional forms for variable parameterisation;

analyses of crude time trends in under-5, infant, and neonatal mortality nationally and across

provinces; and analyses of each explanatory variable and its effect on under-5, infant, and

neonatal mortality after accounting for the confounding effect of time. We used Stata

version 13 (StataCorp, College Station, TX, USA) for statistical analyses. We assessed

associations for statistical significance at α=0·05 using two-tailed tests.

We excluded Maputo City from the associative analyses because of its unique

sociodemographic and service-provision characteristics shown in table 1. All health
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financing and income variables (including GDP per head) were log10-transformed. For ease

of interpretation, to increase statistical power, and because we noted no strong deviations

from linearity, all other predictor variables were modelled as continuous. Crude analyses of

the time trend in under-5 mortality showed provincial-level heterogeneity in intercepts, as

well as the rate of change over time. Results of initial analyses to assess the assumption

necessary for Poisson models (ie, that the mean and variance of the outcome variable are

equal), suggested that the variance exceeded the mean. Thus, we fitted mixed-effects

negative binomial regression with random intercepts for province and random slopes over

time. Analyses of residual plots suggested no significant lack of model fit. We assessed the

national time trends in under-5, infant, and neonatal mortality by including continuous time

alone in the model. To examine trends for each province separately, we included interaction

terms between province and continuous time. Multicollinearity between predictor variables

of interest and low statistical power precluded the use of a fully adjusted multivariable

model.

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data

interpretation, or writing of the report. The corresponding author had full access to all the

data in the study and had final responsibility for the decision to submit for publication.

Results

The crude national-level under-5 mortality rate fell from 166·6 per 1000 livebirths (95% CI

162·2–171·2) in 2000 to 93·7 per 1000 livebirths (87·9–100·0) in 2010 (figure 2). Crude

under-5 mortality differed greatly between provinces, as did decreases over time. Cabo

Delgado had the highest provincial under-5 mortality rate for the 6-year period of 2000–05

(197·7 per 1000 livebirths), but this was reduced to 115·1 per 1000 livebirths for the years

2006–10 (table 1). By contrast, Zambezia and Tete provinces made little progress (table 1).

Nationally, infant mortality fell from 115·3 per 1000 livebirths (95% CI 111·5–119·2) in

2000 to 63·9 per 1000 livebirths (59·5–68·7) in 2010 and neonatal mortality fell from 48·2

per 1000 livebirths (45·7–50·8) in 2000 to 30·4 per 1000 livebirths (27·3–33·8) in 2010

(figure 2). Crude neonatal mortality and its change over time were strongly heterogeneous

across provinces, with Maputo City, Maputo Province, and Gaza showing increases in

neonatal mortality between 2000–05 and 2006–10. By contrast, in Nampula neonatal

mortality fell from 45·2 per 1000 livebirths in 2000–05 to 20·2 per 1000 livebirths in 2006–

10 (table 1).

Total population per health facility increased for eight of the 11 provinces between 2000–05

and 2006–10, with Maputo Province showing the greatest increase (table 1). The proportion

of births attended by skilled professionals increased for nine of 11 provinces, with Cabo

Delgado and Zambezia seeing very large increases (table 1). Every province showed

improvement in health-workforce density over the study period, with Nampula, Inhambane,

and Cabo Delgado seeing the greatest changes. Similarly, GDP and overall per-head

expenditure on health increased for every province, with Cabo Delgado seeing the largest
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increase in overall health expenditure and Inhambane having the greatest increase in GDP

(table 1).

Across all 11 provinces, under-5 mortality decreased by an average of 5·5% each year from

2000 to 2010, resulting in a 46·5% decrease over the entire 11-year period (figure 2; table 2).

There was, however, statistically significant provincial-level heterogeneity in rates of

change in under-5 mortality, with yearly decreases being as high as 11·1% (Nampula) and as

low as about 2% (Maputo Province, 1·9%; Maputo City, 2·2%; figure 3). Across all

provinces, infant mortality decreased by an average of 5·4% and neonatal mortality by 4·5%

each year, resulting in a 45·8% reduction in infant mortality and a 39·4% reduction in

neonatal mortality over the 11–year period (tables 3, 4). Seven of 11 provinces had

significant decreases in neonatal mortality over the 11-year period, with yearly decreases as

high as 13·6% for Nampula (table 4). Gaza, Maputo City, Maputo Province, and Tete did

not have statistically significant changes in neonatal mortality over the 11-year period.

Overall health-workforce density and maternal and child health nurse density were both

significantly associated with changes in under-5 and neonatal mortality over time, whereas

physician density was not (although all three variables had similar directions and point

estimates for effect size). Each ten additional health workers per 100 000 people was

associated with a 5·8% (95% CI 1·6–9·9) decrease in under-5 mortality and an 8·1% (0·9–

14·7) decrease in neonatal mortality. Each ten additional maternal or child health nurses per

100 000 people was associated with a 4·1% (0·1–8·0) decrease in under-5 mortality and an

8·6% (1·7–14·9) decrease in neonatal mortality (table 5). Infant mortality was not

significantly related to any health workforce variables.

A larger population per health facility was strongly and consistently associated with higher

under-5 mortality over time: each additional 5000 individuals per health facility was

associated with a 14% (95% CI 1·5–27·9) increase in under-5 mortality. Institutional birth

attendance was also strongly associated with under-5 mortality, with each 10% increase in

coverage associated with a 6·1% (1·9–10·1) decrease in under-5 mortality over time. We

noted similar directions and effect sizes for infant and neonatal mortality, although

population per health facility was not significantly associated with neonatal mortality

(p=0·07; table 5).

Each 10-times increase in per-head government expenditure on health was associated with a

20% (95% CI 2·3–34·8) decrease in under-5 mortality, but was not significantly associated

with infant or neonatal mortality. Provincial-level GDP, regional HIV prevalence in children

younger than 5 years, and other health-financing variables (overall expenditures and donor-

funded expenditures) were not significantly associated with changes in under-5, infant, or

neonatal mortality over time (table 5).

Discussion

This study is the first analytical assessment of the effects of changes in health-system factors

on child mortality in Mozambique. Mozambique has made impressive strides towards

achievement of MDG 4 in the past 11 years. However, behind these impressive national-
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level gains hides substantial heterogeneity in crude and modelled under-5 mortality, and

infant and neonatal mortality, at the provincial level (panel). In 2010, Zambezia (131·7 per

1000 livebirths) and Tete (133·3) had roughly 2·5 times the crude child mortality of

Inhambane (55·9) or Nampula (52·8). Neonatal mortality shows even stronger disparities,

with five of 11 provinces showing decreases of more than 40% (and up to 80%), but four

provinces showing no significant improvements over the 11-year period. Subnational

disparities in child mortality suggest the need for a more nuanced approach in the post-MDG

era, with inequities in health within countries explicitly acknowledged and taken into

account in goal setting and the planning of health policy. New methods for investigating

population-level trends in health indicators are urgently needed to extend subnational

analyses to the district level,28 a level of disaggregation difficult to achieve with existing

designs of large-scale community surveys (DHS and MICS).

The findings from our longitudinal subnational study corroborate the results of previous

large, cross-national studies exploring health-facility factors and their relation to under-5

mortality, showing that higher health workforce densities and skilled birth attendance

coverage are related to lower under-5 and neonatal mortality.8,15,29 Our finding that the

effect sizes of increases in overall public-sector health-workforce density, maternal and

child health nurse density, and institutional birth attendance coverage were strongly

associated with reductions in neonatal mortality should be of particular interest to policy

makers—these variables represent opportunities for future resource allocation if decreasing

neonatal mortality is a priority.

Encouragingly, every province in Mozambique had increases in health-workforce density

and only one province (Gaza) did not increase birth attendance coverage between 2000 and

2010. In 2011, 98% of primary health facilities were implementing the Integrated

Management of Childhood Illnesses strategy as the main child survival strategy, which was

introduced in 1999. In addition to new vaccine introduction (hepatitis B and Haemophilus

influenzae type b), third-dose diphtheria, pertussis, and tetanus coverage has increased from

an estimated 68% in 1999 to 76% in 2012.30 Despite these increases, Mozambique

continues to rank among the lowest countries worldwide in terms of health worker to

population density,31 which as we have shown varies dramatically across the country. This

scarcity of trained human resources is compounded by insufficient resources to train and

retain health workers in the public sector,32 as well as brain drain and internal migration of

qualified health workers from the National Health Service.33 Efforts to address the scarcity

of trained public-sector health workers, as well as to ensure their rational distribution,

deserve renewed attention, especially in view of our findings that provinces with higher

densities of health workers achieved greater reductions in under-5 mortality. For example,

Tete Province continues to have among the highest under-5, infant, and neonatal mortality in

Mozambique and had only a 10% increase in health-worker density over the study period,

contrasting with a national increase of 32%. Massive long-term investments are needed to

sustainably increase the capacity of health training centres, with commensurate political will

to address funding and policy constraints to workers’ entry into the National Health

Service.32,34 Strategies to promote equitable distribution of health workers within

Mozambique are needed to maximise the return on investments in workforce expansion, and
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could include incentives to maintain health professionals in the public sector working in

neglected areas through increased salaries and improved working conditions.

Of the significant predictors identified through our models, only population per health

facility was trending in the wrong direction over the 11-year period: eight of 11 provinces

had increases in population served per facility, which was a significant predictor of

increased child death. Although expensive and time-consuming, the need for continued

investment in the expansion of health infrastructure to meet existing and future population

needs is clear. In the interim, innovative approaches to rapidly decrease the absolute or

effective number of people served by each health facility are needed. Such approaches could

include improvement of networks between community, primary, and referral facilities;

investments in trained and salaried community health workers; and operations research to

optimise patient flow through facilities.

By contrast with our assumption and results from previous cross-national studies,15 we did

not identify an association between GDP per head or overall health expenditures and

under-5 mortality. The relation between per-head GDP and health has generated

controversial (and still unresolved) debates, centred on the potential for reverse causality and

the effects of subnational income inequality on health not captured through crude measures

of per-head GDP.35 Recent study findings suggest a very small to null association between

increases in per-head GDP and reductions in early childhood undernutrition across

countries36—results that support our findings in the present study.

However, we did note a significant association between increased government health

financing and decreased under-5 mortality over the 11-year period. Increased government

budget resources reflect the expansion of the national health system to support salaries and

other health-facility running costs. Donor common fund resources represent a precious, but

still limited, supplement to existing government resources, especially for disadvantaged

provinces. Moreover, common fund resources might be non-significant in our analyses

because they are often targeted to the acquisition of equipment, biotechnology, and drugs,

which are often centralised at the national level and therefore excluded from the present

study. Overall, our findings suggest that, in settings where access to services remains poor,

economic improvement might not necessarily translate into health improvements unless

increased resources are channelled into equitable and sustained expansion of public health

services.

Further contrary to our assumption, HIV prevalence was not related to changes in under-5

mortality over time. This finding could be a result of our use of regional prevalence of HIV

among children younger than 5 years rather than provincial-level data, which could have

resulted in inflated variances and undermined our ability to detect an effect even if one was

present. Additionally, the widespread introduction of combination antiretroviral therapy and

programmes to prevent mother-to-child transmission during the same time period as our

study (2000–10) might have hindered our ability to detect an association between HIV and

under-5 mortality.
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Our study has several important limitations. First, the use of DHS and MICS data limited

subnational analyses to the provincial level, masking potential district-level heterogeneity in

mortality outcomes. Second, the use of these data sources also limited the statistical power

of our analyses, precluding the use of rigorous multi variable analyses. Third, survey teams,

methods, and implementation might differ between community survey types (DHS vs

MICS) or DHS surveys done at different times, in addition to recall or other reactive biases

of respondents. Together, these issues could lead to bias in our estimates of mortality

estimates extracted by use of retrospective full birth history data. In the present study, most

estimates of under-5 mortality matched well over time—that is, overlapping estimates of

under-5 mortality were similar for DHS data from 2003, DHS data from 2011, and MICS

data from 2008. However, we noted that Inhambane and Nampula had consistently lower

estimates of under-5 mortality from the DHS 2011 than from either the DHS 2003 or the

MICS. We anticipate that combining these overlapping estimates provides the best estimate

of the truth, but we hypothesise that the estimates from DHS 2011 for Inhambane and

Nampula are spuriously low on the basis of our in-country experience. More generally, the

fact that these community surveys show large discrepancies and represent the only data

source for under-5, and other, mortality estimates available for decision making is

concerning and suggests the need for new approaches in the future. A further limitation is

the absence of data for potential explanatory variables of interest, including causes of child

death and health service coverage, which could help to account for the relative differences in

changes in mortality estimates over time within provinces. Because these data are generally

available only intermittently through community surveys, they could not be included

without multiple imputation efforts. As a result, the potential exists for confounding in our

assessment of the relation between mortality estimates and health-system factors.

Despite these limitations, our study has some notable strengths. Using both community

surveys and routine Ministry of Health data sources, we were able to include a range of

potential explanatory variables to address an important and relevant question for countries

striving to structure their health systems to accelerate improvements in population health,

including decreased under-5, infant, and neonatal mortality. Furthermore, the longitudinal

and subnational nature of the analysis allowed us to describe improvements over time, and

estimate associations between health-system factors and rates of change in child mortality

across meaningful administrative units in Mozambique.

Overall, our findings show that Mozambique made substantial progress in the reduction of

child, infant, and neonatal mortality between 2000 and 2010. However, national success

masks continued inequalities at the subnational level. Some of the improvements in child

mortality seem to be attributable to the expansion of the national health system, particularly

improvements in public-sector human resources for health, increased institutional birth

coverage, and increased government health expenditures. A significant predictor of child

death that warrants further attention in Mozambique, and potentially in other low-income

and middle-income countries, is the number of individuals served by each health facility.

New and different methods to accurately estimate trends in under-5 mortality at

subprovincial levels are urgently needed to track and target health disparities within low-

income and middle-income countries.
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Panel: Research in context

Systematic review

We searched PubMed and Google Scholar for English and Portuguese reports, published

between 1966 and 2014, of longitudinal studies examining the effect of changes in

health-system factors on child mortality in low-income and middle-income countries

similar to Mozambique. Search terms used included “health systems”, “health systems

strengthening”, “systems”, “workforce”, “human resources”, “HIV”, and “under-5

mortality”, “infant mortality”, “neonatal mortality”, “MDG4”, and “child death”. Most

previous studies are cross-national in nature and few (if any) use data resolution below

the national level. Existing cross-national studies8,15,29 suggested that health workforce

densities and skilled birth attendance were associated with lower under-5 and neonatal

mortality rates.

Interpretation

The results of our study show that Mozambique made impressive progress in reducing

deaths among children younger than 5 years between 2000 and 2010, with all provinces

showing significant reductions. Infant mortality has fallen significantly in eight of 11

provinces, and neonatal mortality has fallen significantly in seven of 11 provinces,

showing the continuing (and in some cases widening) gaps in health status between

provinces. Our analyses suggest that these large gains in child mortality were most

strongly related to improvements in public-sector health workforce density, institutional

birth coverage, and increases in government financing for health. These findings add to

increasing evidence from other longitudinal cross-national studies8,15,29 that emphasises

the fundamental importance of public-sector human resources underlying improvements

in population health.
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Figure 1. Political map of provinces and provincial capital cities of Mozambique
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Figure 2. National-level time-series for child mortality in Mozambique, 2000–10
Error bars show 95% CIs for observed survey values.
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Figure 3. Provincial-level time-series for child mortality in Mozambique, 2000–10
Error bars show 95% CIs for observed survey values.
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Table 2

Mixed-effects negative binomial model of province-level and overall changes in under-5 mortality rate in

Mozambique, 2000–10

Rate ratio for province-level
yearly change in under-5
mortality (95% CI)

p value Overall percentage change in under-5 mortality rate, 2000–10 (95%
CI)

Cabo Delgado 0·909 (0·895–0·923) <0·0001 –65·0% (–70·3 to –58·6)

Gaza 0·964 (0·948–0·979) <0·0001 –33·4% (–44·2 to –20·4)

Inhambane 0·933 (0·915–0·951) <0·0001 –53·5% (–62·4 to –42·6)

Manica 0·955 (0·940–0·970) <0·0001 –39·9% (–49·5 to –28·5)

Maputo City 0·978 (0·959–0·997) 0·025 –21·9% (–37·1 to –3·1)

Maputo Province 0·981 (0·963–0·999) 0·038 –19·2% (–33·9 to –1·1)

Nampula 0·889 (0·873–0·905) <0·0001 –72·7% (–77·6 to –66·8)

Niassa 0·937 (0·922–0·953) <0·0001 –50·9% (–59·0 to –41·1)

Sofala 0·911 (0·896–0·927) <0·0001 –64·0% (–70·0 to –56·6)

Tete 0·964 (0·950–0·979) <0·0001 –33·1% (–43·1 to –21·3)

Zambezia 0·978 (0·964–0·992) 0·0022 –22·0% (–33·4 to –8·6)

Overall 0·945 (0·927–0·963) <0·0001 –46·5% (–56·6 to –34·0)
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Table 3

Mixed-effects negative binomial model of province-level and overall changes in infant mortality rate in

Mozambique, 2000–10

Rate ratio for province-level
yearly change in infant mortality
(95% CI)

p value Overall percentage change in infant mortality rate, 2000–10 (95%
CI)

Cabo Delgado 0·915 (0·899–0·930) <0·0001 –62·5% (–69·0 to –54·6)

Gaza 0·968 (0·948–0·989) 0·003 –29·9% (–44·5 to –11·4)

Inhambane 0·937 (0·915–0·959) <0·0001 –51·4% (–62·7 to –36·7)

Manica 0·940 (0·921–0·959) <0·0001 –49·3% (–59·5 to –36·7)

Maputo City 0·998 (0·975–1·02) 0·89 –1·8% (–24·2 to 27·0)

Maputo Province 0·999 (0·978–1·02) 0·97 –0·43% (–21·5 to 26·4)

Nampula 0·884 (0·865–0·903) <0·0001 –74·4% (–79·7 to –67·6)

Niassa 0·933 (0·914–0·952) <0·0001 –53·5% (–62·7 to –42·1)

Sofala 0·912 (0·893–0·931) <0·0001 –63·8% (–71·0 to –54·7)

Tete 0·964 (0·947–0·982) <0·0001 –33·2% (–45·4 to –18·3)

Zambezia 0·963 (0·947–0·980) <0·0001 –33·7% (–44·9 to –20·4)

Overall 0·946 (0·923–0·966) <0·0001 –45·8% (–57·2 to –31·4)
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Table 4

Mixed-effects negative binomial model of province-level and overall changes in neonatal mortality rate in

Mozambique, 2000–10

Rate ratio for province-level
yearly change in neonatal
mortality (95% CI)

p value Overall percentage change in neonatal mortality rate, 2000–10
(95% CI)

Cabo Delgado 0·928 (0·903–0·954) <0·0001 –55·9% (–67·5 to –40·2)

Gaza 0·995 (0·964–1·03) 0·78 –4·9% (–33·0 to 35·1)

Inhambane 0·942 (0·909–0·977) 0·00012 –48·0% (–65·0 to –22·8)

Manica 0·933 (0·902–0·966) <0·0001 –53·3% (–67·9 to –31·9)

Maputo City 1·00 (0·973–1·04) 0·77 5·4% (–26·4 to 51·0)

Maputo Province 1·01 (0·976–1·04) 0·71 6·3% (–23·1 to 47·1)

Nampula 0·864 (0·835–0·894) <0·0001 –80·0% (–86·2 to –70·9)

Niassa 0·948 (0·921–0·975) <0·00025 –44·7% (–59·7 to –24·1)

Sofala 0·954 (0·927–0·983) 0·00019 –40·1% (–56·7 to –17·2)

Tete 0·984 (0·958–1·01) 0·24 –16·5% (–38·0 to 12·4)

Zambezia 0·958 (0·933–0·983) 0·00011 –37·9% (–53·3 to –17·3)

Overall 0·955 (0·932–0·979) 0·00027 –39·4% (–53·8 to –20·7)
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