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available at the end of the article where the completeness of death registration is higher than 80%. We also interviewed

relatives of the deceased whose death had been registered to collect data on reasons
for registration and sources of information about the process. The likelihood of death
registration was positively associated with age at death and household wealth. Death
registration was also more likely in households whose head was older, had attended
school, and had a birth certificate. At the borough commune level, the geographical
accessibility of civil registration centres and population density were both positively
associated with completeness of death registration. The main motivations for regis-
tering deaths were compliance with the legal obligation to do so and willingness to
obtain a burial permit and a death certificate. Families, health facilities, and friends were
the primary sources of information about death registration. Further research is needed
to identify effective interventions to increase death registration completeness in Dakar,
particularly amongst the poorest households and neighbourhoods on the outskirts of
the city.

Introduction

A functional system of civil registration and vital statistics (CRVS) is widely recognized
by the international community as a crucial component of development planning and
good governance. Efficient CRVS systems help in establishing and managing the legal
identity of individuals, generating electoral registers, and providing regular information
on demographic trends for policy planning, including mortality and causes of death.
Ultimately, CRVS systems can translate into better health of populations (Phillips et al.,
2015). At the individual level, they guarantee access to key entitlements and services in
the domains of health, education, and inheritance. Many targets adopted under the Sus-
tainable Development Goals (SDGs) agenda, such as reducing neonatal and under-five
mortality, require high-quality statistics from CRVS. One of the SDGs’ targets (17.19)
also tracks progress in birth and death registration for monitoring statistical capacity-
building. However, in many low- and middle-income countries, progress has been lim-
ited and low completeness impairs the production of vital statistics. Globally, only 38%
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of deaths were registered in 2015, an increase from 36% in 2010 (Mikkelsen et al., 2015).
Death registration is particularly scarce in sub-Saharan Africa. Apart from South Africa
and small island states, such as Mauritius and Seychelles, no country in the region has
a comprehensive system of death registration with cause-of-death information (World
Health Organization, 2018). Senegal, a middle-income country in West Africa, is no
exception; according to the 2013 census, less than a third of deaths were registered at the
national level (Agence Nationale de la Statistique et de la Démographie, 2014).

In recent years, there has been renewed interest in improving birth and death regis-
tration globally (Suthar et al., 2019; World Bank & World Health Organization, 2014).
Efforts have been devoted to assessing the status of CRVS systems (Mikkelsen et al.,
2015), revising mechanisms for collecting causes of death (Savigny et al., 2017), modify-
ing legal frameworks, and strengthening administrations in charge of civil registration.
The Senegalese government is part of this effort. It has taken several initiatives to sup-
port its civil registration system. A National Directorate of Civil Registration (CNEC)
was created in 2004. The modernization of civil registration system and exploitation of
birth and death registration data are part of the National Development Plan (the "Plan
Sénégal Emergent") and civil registration was elevated to a national priority by the Presi-
dent of the Republic of Senegal in 2015. The legislative framework is under revision, and
the digitization of birth and death records is underway. Birth registration has improved
in recent years; according to Demographic and Health Surveys, the percentage of chil-
dren aged 0—4 whose birth was registered increased from 55% in 2005 to 78% in 2019.
Death registration is lagging far behind as less than a third of all deaths are registered
nationwide. There is also a sharp contrast between the completeness achieved in urban
areas (61%) and that in rural areas (12%) (Agence Nationale de la Statistique et de la
Démographie, 2014). More than 80% of deaths were registered in the Dakar region,
which hosts the capital city of Senegal and accounts for half of the Senegalese urban
population and more than a fifth of the total population of the country.

In this study, we focus on the Dakar region and aim to advance the understanding of
motivations, or lack thereof, for obtaining a death certificate and the barriers to compre-
hensive death registration. First, to shed light on socioeconomic and cultural factors, we
analyse data from the 2013 national census to characterize deaths that are most likely to
be registered. We also use a study conducted in civil registration centres in the Dakar
region among relatives of the deceased to identify reasons for death registration and
sources of information. Second, to evaluate if the accessibility of registration offices can
still play a role in this urban context, we combine census data and information on the
locations and characteristics of registration offices to construct an index of geographical
accessibility. Using a mixed-effects logistic regression model, we test whether accessibil-
ity of registration centres is associated with variations in completeness in death report-
ing after accounting for socioeconomic and cultural factors.

Literature review

There is extensive literature on the institutional factors that facilitate a well-functioning
death registration system (the supply side) (Rao et al., 2004), but little attention has been
devoted to relatives’ knowledge of and interest in these services, their ability to access
them, and their willingness to interact with the relevant authorities (the demand side)
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(Castle et al., 2020; UNICEEF, 2005). The gap in the literature is particularly flagrant for
death registration. Studies that explored barriers to birth registration point to lack of
awareness of the importance of registration, financial barriers (including transportation
costs and registration fees), difficulties in navigating the CRVS system, and inaccessi-
bility or poor quality of services (Bennouna et al., 2016; Duff et al.,, 2016; Fagernis &
Odame, 2013). To organize these different factors affecting birth registration, Bennouna
and colleagues (2016) proposed using the model of the “three phases of delay’; a frame-
work initially developed by Thaddeus and Maine (1994) to examine barriers to access
to obstetric care and identify interventions that could reduce maternal mortality. They
organized factors into three categories: (a) socioeconomic and cultural factors (includ-
ing motivation, the perceived value of the birth certificate, the perceived quality of ser-
vice, and access to information), (b) accessibility (including distance, transportation
options, and time off from work), and (c) quality of services (including the complexity
of the procedure, waiting time, and competence of staff). These factors interact to intro-
duce delays at three different stages. First, all three categories of factors can play a role
in delaying the decision to apply for birth registration. Second, accessibility issues will
delay identification of and contact with civil registration offices. Third, poor quality of
service will further hamper registration and reception of the documents once relatives
start interacting with legal authorities. Of course, when applying this theoretical frame-
work to obstetrical conditions requiring care, delaying care can result in a fatal outcome
or long-term complications. In the case of vital registration, the outcome is either late
registration or failure to report the vital event.

This theoretical framework can be useful when identifying barriers to death registra-
tion as well, considering the similarities between the registration processes. In terms of
socioeconomic and cultural factors, nationally representative surveys show that birth
registration is more frequent when mothers have attended school, belong to the major-
ity ethnic or religious group, and live in wealthier households (Bhatia et al., 2017; United
Nations Children’s Fund, 2013). We can expect death registration to be more frequent in
wealthier and better-educated families as well, and registration to vary across religious
and ethnic groups due to different cultural practices. Concerning accessibility, just as
skilled attendance at birth increases the propensity to register births (UNICEF, 2005), a
death occurring in a health facility is more likely to be registered, as some civil registra-
tion centres are associated with hospitals and health personnel can inform the relatives
and caretakers on the procedures to follow. However, delaying factors may also differ
from those that limit birth registration. In Guinea-Bissau, Fisker et al. (2019) compared
the motivations for the registration of births and deaths of children, based on a study
conducted among women of reproductive age. They observed that births went unreg-
istered mostly due to paternal absence and administrative prerequisites, while the main
reasons for the very low rate of death registration (2%) were related to lack of knowl-
edge of death registration and lack of perceived benefits. Lack of knowledge was also
identified as the main obstacle to death registration in a rural area of Burkina Faso,
where less than 7% of relatives of the deceased were aware of the need to register deaths
(Niamba, 2020). In a recent study in rural Bangladesh, where less than 17% of deaths
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were registered, the two main reasons for not registering deaths were lack of awareness
of the importance of registration (72%) and not knowing what death registration is at
all (32% among men and 26% among women) (Haider et al., 2021). Migration of house-
hold members after a death may also be a factor that reduces the propensity to regis-
ter deaths, as was observed in Tanzania (Kabadi, 2013). Another difference with birth
registration concerns variations by sex. Overall, few countries show significant differ-
ences in birth registration coverage by sex of the child (Bhatia et al., 2017). In the case
of deaths, despite the scarcity of data, an underrepresentation of women in registered
deaths has been observed in several countries (Haider et al., 2021; Center for Excellence
for CRVS Systems, 2019). Finally, there are also fewer incentives to register a death. A
birth certificate is often required for school enrolment or to gain access to health or wel-
fare services. By contrast, in contexts, where funerals do not require a death certificate
and inheritance, mechanisms do not systematically require the death to be registered,

there are few incentives to register.

Data and methods

Study area

This study is focused on the Dakar region, which is subdivided into four departments
(Dakar itself, Guediawaye, Rufisque, and Pikine) and 52 borough communes (Fig. 1).

The focus on the Dakar region is justified by the high level of completeness of death
registration achieved, ranging from 76% in the department of Pikine to 88% in the
department of Dakar. Barriers to recording deaths are likely to be quite different else-
where in the country. The focus on the Dakar region is also motivated by previous
studies in other African capitals, including Bamako (Fargues & Nassour, 1988), Harare
(Dlodlo et al., 2011), Abidjan (Garenne et al., 1995), Antananarivo (Masquelier et al.,
2019). In these four capitals, vital registration data have helped in documenting mor-
tality patterns. By comparison, the situation in Dakar has been little analysed. To our
knowledge, there has only been one such study: it exploited vital registration data from
the 1980s and highlighted the potential of such data to explore spatial heterogeneity in
mortality rates (Salem, 1993). There has been no recent publication based on registered

vital events, neither at the regional nor at the national level.

DAKAR PIKINE

1 CAMBERENE 25 MBAO
2 PARCELLES ASSAINIES 26 KEUR MASSAR
3 PATTE D'OIE 27 YEUMBEUL NORD
4 28 YEUMBEUL SUD
5 NGOR 29 DIAMAGUENE SICAP MBAO
6 OUAKAM 30 THIAROYE SUR MER
7 GRAND YOFF 31 TIVAOUANE DIACKSAO
8 SICAP LIBERTE 32 THIAROYE GARE
9 DIEUPPEUL DERKLE 33 DJIDAH THIAROYE KAO
10 HANN BEL AIR 34 PIKINE NORD (SUD)
H 35 PIKINE EST
12 MERMOZ-SACRE COEUR 36 GUINAW RAIL NORD
13 BISCUITERIE 37 GUINAW RAIL SUD
14 GRAND DAKAR 38 PIKINE OQUEST
15 FANN POINT E AMITIE 39 DALIFORD
16 GUEULE T. FASS COL. 40 MALIKA
17 MEDINA
18 GOREE RUFISQUE
19 PLATEAU 1 YENE
42 SENDOU
GUEDIAWAYE 43 BARGNY
20 WAKHINANE NIMZATT 44 DIAMNIADIO
21 MEDINA GOUNASS 45 SEBIKOTANE
22 NDIAREME LIMAMOULAYE 46 BAMBILOR
23 SAM NOTAIRE 47 SANGALKAM
24 GOLF SUD 48 DIAXAY P. NIAKOULRAP

49 TIVAOUANE P.N

50 RUFISQUE EST

51 RUFISQUE NORD (CENTRE)
52 RUFISQUF OUFST

Fig. 1 Map of the Dakar region, its four departments and 52 borough communes
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High completeness of death registration in the Dakar region is observed despite lower
population coverage by civil registration centres. The region has one centre for more
than 30,000 people, the lowest ratio in the country. However, civil registration centres
in Dakar are more accessible and are better equipped; for example, more than 60% of
centres in Dakar have a computer and 45% have a dedicated archive room, compared to
only 27% and 18% nationally. Yet there are still equipment challenges, such as frequent
stockouts of paper registers (Groupe d’Etude de Recherche et d’Appui au Développe-
ment, 2014).

The Senegalese CRVS system is highly decentralized, as the registration of vital events
is placed under the responsibility of mayors. All deaths must legally be reported to the
registrar within 1 month, and there are no fees for death registration. A previous study
confirmed that this requirement was met in the Dakar region: 99% of deaths in the sam-
ple had been reported within 1 month and 62% had been reported within 1 day of death
(Salem, 1993). Later than one and a half months, late registration is possible but requires
two witnesses or a death certificate from a doctor. Deaths may be reported by a family
member or any person with the necessary information on his or her civil status. There
are no penalties for late or absence of registration, and there is no real incentive to regis-
ter the event either.

Data
This study uses three different data sources, as listed in Table 1 and detailed below.

Census reports on recent household deaths

The 2013 census included a module on household deaths that occurred in the 12 months
before the data collection. For each of these deaths, a question was asked about
whether it was reported to the civil registration system. This question had previously
been included in census questionnaires in other countries (e.g., Namibia 2001, Nicara-
gua 2005, Belize 2010). It is not part of the United Nations’ recommendations for cen-
sus questionnaires (United Nations, 2017), presumably because it could be affected by
reporting errors. In the Senegalese census, enumerators did not ask about the posses-
sion of death certificates and did not check if these certificates could be presented by the

Table 1 Data sources used for this study

Data source Year Type of data Information used
National census 2013 Individual-level data extracted ~ Age and sex of deceased
from the census database members who died in the

12 months before the census;
characteristics of their house-

hold
Administrative survey among 2017 Aggregate data GPS coordinates of the civil
civil registration centres registration centres and their
characteristics
Survey among relatives of the ~ 2018-2019  Individual-level data from a Reasons for registering deaths;
deceased retrospective survey among sources of information on

relatives of deceased persons death registration
who died between December

2018 and February 2019 and

were reported to civil registra-

tion offices
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respondents. They only asked whether the death had been registered. The question may,
therefore, lead to overestimating the true completeness of death registration if respond-
ents refer to the notification of the death to a physician or the police instead of the CRVS
system. This bias might or might not be counterbalanced by underreporting of deaths in
the census itself. Demographic techniques (known as death distribution methods) have
been developed to evaluate the completeness of death reporting in censuses, but they
cannot be applied here as they require that net migration be negligible, which is not the
case in the Dakar region (Moultrie et al., 2013). A simpler method, developed by Adair
and Lopez (2018), estimates completeness based on expected relationships with crude
mortality rate, child mortality, and the proportion of the population aged 65 years and
older, informed by estimates from the Global Burden of Disease Study (Adair & Lopez,
2018). However, we applied this method to census data from the Dakar Region and
obtained an estimate of 67%. This estimate suggests that census respondents omitted
about a third of all deaths, which is implausible when considering the resulting mortality
rates.

Diagnostic surveys of the CRVS system

In 2014, the National Statistical Office of Senegal conducted a diagnostic survey of the
689 civil registration centres in the country, collecting data on the number and qualifica-
tions of the staff, the status of premises, the equipment available, and the average annual
number of civil status records recorded (Groupe d’Etude de Recherche et d’Appui au
Développement, 2014). In 2017, this survey was updated and all centres were geocoded.
We use the 2017 geocoded data to build an index of accessibility of the CRVS centres.

Survey among relatives of the deceased about reasons for registering deaths

In 2018-2019, we conducted a survey on all deceased persons reported to registration
offices in the Dakar region between December 2018 and February 2019. The primary
objective of the survey was to collect data on causes of death using a verbal autopsy.
Verbal autopsies are interviews among relatives and caretakers of the deceased to collect
data on circumstances and symptoms preceding the death through a structured ques-
tionnaire (Savigny et al., 2017). We augmented the standard WHO questionnaire (Byass
et al., 2019) with questions related to motivations for registering deaths and sources of
information, based on previous research in Guinea-Bissau (Fisker et al., 2019). A Lik-
ert scale was used to ask about the importance of registering deaths for various reasons
(e.g., to obtain a burial permit or for inheritance) (see appendix, Section Al). Respond-
ents were also asked about how they heard about death registration. We report here on
results based on this subset of questions. In total, 3,075 deaths were reported in vital
registration centres during the study period (December 2018—February 2019), and 98.0%
(3,015) of these were registered in centres where we had trained staff for the study. Of
these deaths, 65.4% (1973) were eligible, because the deceased person was a resident
of the Dakar region and had a relative residing in this region during the study period.
For 86.5% (1,706) of the remaining deaths, relatives agreed to participate in the study at
the registration centre, but in 21.8% of these cases, the informant for the verbal autopsy
study eventually declined to be interviewed after the mourning period. In total, we were
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able to administer 1,315 complete interviews, which constitute our sample for this study
(see the flowchart in Appendix, Section A2).

Statistical analysis

We first computed the completeness of death registration at the level of the 52 borough
communes, based on the census reports. In 5.8% of cases, the respondents to the cen-
sus did not know whether or not the death had been registered in the civil register. We
assumed that these deaths were not recorded. Using Pearson’s correlation coefficients,
we tested for bivariate association between completeness and the crude death rate, the
population density, and an index of accessibility of registration centres. This index was
constructed based on the enhanced two-step floating catchment area (E2SFCA) method,
originally developed to measure access to health care (Luo and Qi, 2009; Ndonky et al.,
2015). The position of civil registration centres represented the supply side and the pop-
ulation density within a theoretical radius of attraction represented the demand side.
Further details on the construction of this index are provided in Appendix, Section A2.

At the individual level, we measured the association between the age and sex of the
deceased, the characteristics of his or her household, and death registration based on
Chi-square tests. We used the sociodemographic characteristics of the head of house-
hold (age group, education, possession of a birth certificate), because we have no infor-
mation on characteristics of the deceased (apart from sex and age at death). A composite
measure of households’ living standards was constructed based on multiple correspond-
ence analysis (MCA). The variables included in the MCA came from the census and
related to the occupancy status of the head of household, the materials used for housing
construction (walls, roof, and floor), the types of sanitation facilities, access to drink-
ing water, and whether some household members had skipped meals in the week pre-
ceding the census and/or given up health care in the preceding 12 months due to lack
of resources. We extracted the first factor of the MCA and divided factor scores into
quintiles.

We used fixed-effects logistic regression models to measure the association between
the individual- and household-level characteristics and the likelihood of death registra-
tion. A mixed-effects regression model was also used to include random effects for bor-
ough communes and add contextual variables at this level (crude death rate, population
density, and the accessibility index). Finally, from the study conducted among relatives
of the deceased, reasons for registering deaths and sources of information were analysed
with descriptive statistics. All analyses were performed in the R statistical software.

Results

Descriptive statistics

Figure 2 presents estimates of completeness of death registration, population density,
crude mortality rate, proportion of households in the lowest quintile of living standards,
proportion of adults aged 15+ who have never attended school, and accessibility of reg-
istration centres at the level of the 52 borough communes in the Dakar region. It reveals
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Completeness of death registration Population density
(2013) (2013)

Completeness (%)
w 100

x 1000 hab/km?

BAM: Bambilor - FAN: Fann Point E - GOR: Gorée — HLM: HLM

SIC: Sicap Liberté - SEN: Sendou - YEN: Yene NGO: Ngor
Sc: RGPHAE 2013 Sc: RGPHAE 2013
Crude death rate Proportion of HH in
(2013) the poorest quintile (2013)

Deaths p. thousand hab

DJI: Djidah Thiaroye Kao - MED: Medina Gounass - PIK : Pikine Est

Sc: RGPHAE 2013 Sc: RGPHAE 2013
Proportion of adults who Accessibility of registration centers
have never attended school (2013) (2013-2017)

HAN: Hann Bel Air - PLA : Plateau - RUF: Rufisque Est

Sc: RGPHAE 2013 Sc: RGPHAE 2013/CRVS Survey 2017
Fig. 2 Completeness of death registration, population density, crude death rate, proportion of households
in the lowest quintile, percentage of adults who have never attended school, and accessibility of civil
registration centres, at the level of the 52 borough communes
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wide spatial heterogeneity in completeness, with levels ranging from less than 50% in
the three communes of Sendou, Yene, and Bambylor (all located in the department of
Rufisque) to more than 95% in the four communes of Gorée, Point E, HLM, and Sicap-
Liberté (all located in the department of Dakar). The communes, where registration was
the least frequent, located mainly in the east of the department of Rufisque, were also areas
where the population density was relatively low (< 1000 inhabitants/km?), compared to the
other communes of the region. However, completeness was high in other sparsely pop-
ulated borough communes, such as Ngor in the western tip of the region. Variations in
completeness did not follow the same spatial pattern as the crude mortality rate, whose
spatial distribution was mainly characterized by a pocket of excess mortality in the three
communes of Medina Gounass, Pikine Est, and Djidah Thiaroye Kao (CDR>6 per 1000).
A gradient from the east to the west of the Dakar region is apparent in terms of household
welfare, with less equipment in the department of Rufisque, as well as in a few communes
located between Guediawaye and Pikine, where mortality is also higher. A similar gradient
is observed with school attendance. Finally, our index of accessibility suggests that regis-
tration centres are much more accessible in the Dakar department, and especially in its
southern tip (Plateau, Hann Bel Air), as well as in the communes bordering the bay, includ-
ing the Rufisque Est, where Rufisque’s main civil registration centre is located.

There is a positive and statistically significant association between the completeness rate
of death registration and logged population density (r=0.71), as well as with the log of the
value of the accessibility index (r=0.39) (Table 2). The correlation is negative and signifi-
cant with the proportion of households from the poorest quintile in the commune (— 0.63)
and the proportion of adults who have never attended school (—0.56). However, the crude
mortality rate is not significantly correlated with the completeness of registration.

The descriptive characteristics of the census records are presented in Table 3, along-
side the proportions of registered deaths by category. The likelihood of death registra-
tion was associated with all individual and household characteristics considered in this
study (p <0.01 for all variables except the sex of the deceased, for which p =0.038). There
are substantial differences in death registration across age groups. Deaths of persons
aged 60 years and over and of those aged 15-59 years were the most likely to be reported

Table 2 Correlation matrix of completeness of death registration, logged population density, crude
death rate, logged index of accessibility of registration centres

Completeness Logged pop Crude death Proportion of  Proportion of
of death density rate the poorest adults who
registry quintile never attended
school

Logged pop. 0.771%x*

density

Crude death rate 0.15 0.39**

Proportion ofthe  —0.63%** — 0.49%** 0.15

poorest quintile

Proportion of —0.56%** —0.13 0.35%* 0.73%%*

adults who never

attended school

Logged accessibil- ~ 0.39** 0.16 —007 —0.28** —-022

ity index

*p<0.1; **p <0.05; ***p <0.01
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Table 3 Characteristics of deaths reported in the 2013 census in the Dakar region according to their
registration (n=12,973)

Death Death not Unknown  pvalue
registered registered

Sex of the deceased

Male 6031 (83%) 793  (11%) 416 (6%) 0.038
Female 4786  (83%) 670 (12%) 277  (5%)

Age group of the deceased

0-4 1210 (71%) 400  (23%) 95 (6%) <2e—16
5-14 492 (75%) 126 (19%) 41 (6%)

15-59 4396 (84%) 511 (10%) 308 (6%)

60+ 4719  (87%) 426 (8%) 249 (5%)

Age group of the HH head

10-29 369  (76%) 82 (17%) 36 (/%) <2e—16
30-59 6993  (82%) 1,035 (12%) 477 (6%)

60+ 3455 (87%) 346 (9%) 180 (5%)

Education of the HH head

Never attended school 3003 (78%) 559  (15%) 266 (7%) <2e—16
Attended school 7814  (85%) 904 (10%) 427  (5%)

Birth registration of HH head

Birth certificate 8885 (85%) 1,077 (10%) 511 (5%) <2e—16
Decree in lieu of birth certificate 1519  (80%) 282 (15%) 109  (6%)

None 157 (71%) 48 (22%) 17 (8%)

DK 256 (70%) 56 (15%) 56  (15%)

Wealth quintiles

Richest 1608 (90%) 110 (6%) 71 (4%) <2e—16
Richer 1713 (88%) 159 (8%) 77 (4%)

Middle 2133 (86%) 232 (9%) 122 (5%)

Poorer 2542 (82%) 402  (13%) 163  (5%)

Poorest 2752 (77%) 554 (16%) 257 (7%)
Department

Dakar 3728 (88%) 322 (8%) 178 (4%) <2e—16
Guediawaye 1332 (87%) 131 9%) 70  (5%)

Pikine 4305 (81%) 658  (12%) 326 (6%)

Rufisque 1452 (76%) 352 (18%) 119  (6%)

(respectively, 87% and 84%), while only 71% of deaths of children under 5 years of age
and 75% of children aged 5-14 years were registered. Deaths occurring in households
with a head who is older or has been to school or has a birth certificate (or a supple-
mentary judgment) are also more likely to be registered. Living in the poorest quintile
significantly decreased the likelihood of death registration: 90% of deaths in the richest
quantile were registered, against 77% in the poorest quintile. As observed in Fig. 2, this
partly reflects differences between departments, as households are on average richer in
the Dakar department, where registration is more systematic.

To explore these associations in a multivariate analysis, we coded cases where the
respondent was unsure about registration by considering that the death had not been
registered. Table 4 presents the odds ratios obtained from a fixed-effects logistic

Page 10 of 20



Fall et al. Genus

(2021) 77:21

Table 4 Odds ratios from the fixed-effects and mixed-effects models

Fixed-effects model Mixed-effects model
(1) (2) (3)

Individual characteristics
Sex of the deceased Female 0.995 0.968 0.962
Age of the deceased 0-4 0455 0.503™ 0.506™"
(ref: 15-59) 5-14 0.549™" 0602 0627

60+ 1302™ 1275 1277
Household characteristics
Education of the HH head Attended school 1540 1536™"
Age of the HH head 10-29 0.728™ 0680
(ref: 30-59) 60+ 1454™ 1382
Wealth quintiles Poorer 1.170" 1.136™
(ref: Poorest) Middle 1396 1302

Richer 1618 1583

Richest 1638 15157
Birth certificate Birth certificate 18217 1747
(ref- None) Decree in lieu of 1413" 1453

birth certificate

DK 0.790 0.796
Contextual characterictics
Department Guediawaye 1.005
(ref: Dakar) Pikine 0.766™"

Rufisque 0508

Index of accessibility (logged) 1133
Population density (logged) 1.021
Crude death rate 1338
Constant Constant 5379 22117 0274
Observations 12,973 12,895 12,895
Log likelihood —5,701.115 —5,463.310 —53278
Akaike inf. crit 11,412.230 10,962.620 10,693.7

*p<0.1; **p <0.05; ***p<0.01

regression model including only the age and sex of the deceased (model 1). Model 2
includes the characteristics of the households (age and education of the head of house-
hold, wealth quintiles, possession of a birth certificate) and the department. The last col-
umn of Table 4 displays the odds ratios from a mixed-effects model including a random
effect for borough communes and incorporating the contextual variables.

Results from the fixed-effects models suggest that there is no significant variation by
sex of the deceased once age is controlled for. Adults aged 15 to 59 and people over 60
are the most likely to have their death registered. Odds ratios related to characteristics
of the head of household are also in line with our descriptive results. Deaths in the rich-
est households are 1.6 times more likely (95% CI: 1.4—2.0) to be registered than those in
the poorest quintile. Deaths occurring in households whose head has a birth certificate
or has attended school are, respectively, 1.8 times (95% CI: 1.3-2.5) and 1.5 times (95%
CI: 1.4-1.7) more likely to be registered. In the fixed-effects model, the departments
of Dakar and Guediawaye do not differ in terms of completeness of death registration,
after controlling for individual and household characteristics (OR 1.0, 95% CI: 0.8—1.2).
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Fig. 3 Motivations for registering deaths of children and adults

Deaths of residents in Pikine and Rufisque are, respectively, 0.8 (95% CI: 0.7-0.9) and 0.5
(95% CI: 0.4—0.6) times less likely to be registered than in Dakar.

The odds ratios in the mixed-effects logistic regression model are very similar to those
obtained from the fixed-effects models for individual and household variables. This last
model also suggests that the likelihood of death registration is positively associated with
the logged value of our index of accessibility of death registration centres (OR 1.1, 95%
CIL: 1.1-1.2), and positively associated with logged population density (OR 1.3, 95% CI:
1.2-1.5). However, it is not significantly associated with the crude death rate of the com-

mune, confirming the observations based on the bivariate correlation coefficients.

Reasons for registering deaths and sources of information

In this section, we report on reasons for registering deaths, based on data collected with
relatives of the deceased reported to civil registration centres from December 2018
to February 2019. These relatives were mainly the parents of the deceased (39%), chil-
dren (19%), spouse (9%), or other family members (30%). Of these, 90% lived with the
deceased before his or her death. The survey sample consisted of 45% female deaths,
20% newborns or stillbirths, 6% children between 28 days and 14 years, 39% individu-
als between 15 and 64 years and 35% individuals over 65 years. It is worth noting that
stillbirths were supposed to be excluded from the sample. They are normally recorded in
dedicated registers, or identifiable through a note in the death register (as provided for
in the Family Code). Some stillbirths declared as live births in civil registration centres
were, however, identified in the sample at the time of analysis, through questions in the
verbal autopsy questionnaire (e.g., "did the baby cry at least once?", etc.). Based on these
questions, 127 stillbirths could be identified, representing 9.7% of the total number of
deaths subject to verbal autopsy. These results suggest that a significant proportion of
deaths reported to the civil registry should not be included in the classic mortality indi-
cators, but should be subject to specific treatments reserved for measuring stillbirths.
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Fig. 4 Sources of information about death registration

In 60% of the cases, the person about to die travelled to a health facility or a hospital in
the final days before death. Home death represented 47% of our sample; 47% of deaths
occurred in a health facility, and 6% on the way to a health facility. In 73% of the cases,
the respondent had received the death registration certificate.

As shown in Fig. 3, the three items considered most important when registering deaths
were compliance with the legal obligation, obtaining a death certificate, and obtaining a bur-
ial permit. In comparison, the permission to transfer remains was considered less important,
as were inheritance issues (especially for child deaths) and possible remarriage procedures.

When asked about sources of information on death registration, relatives of the
deceased identified family, health facilities, and friends as the three main sources. In
comparison, funeral homes were rarely mentioned, and sources such as television, radio,
newspapers, and the internet were reported as sources of information in less than 5% of
cases (Fig. 4).

Discussion

There is a prolific production of statistics in Senegal for the study of demographic
dynamics and the evaluating of development programs, thanks to regular censuses and
sample surveys complemented by three Health and Demographic Surveillance Systems
in rural areas (Pison et al., 2018 Delaunay et al., 2013; Pison et al., 2014). However, the
CRVS system, needed to obtain timely information on mortality and causes of death
at a small geographical scale, remains deficient. While about a third of all deaths are
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registered nationally, the Dakar region stands out as having much higher completeness,
potentially paving the way for continuous monitoring of mortality in this region. Our
study highlights the categories of deaths that still go unregistered and suggests ways to
improve completeness. The census and survey data do not allow us to distinguish the
three phases of delay from Thaddeus and Maine’s model (Bennouna et al., 2016; Thad-
deus & Maine, 1994) (deciding to notify the death, identifying and reaching the regis-
try office, submitting the documents and registering the death). Nevertheless, they shed
light on two categories of factors that affect registration: (1) socioeconomic and cultural
factors, and (2) accessibility of the service.

On the first set of factors, our study highlighted that the poorest households and those
whose heads of households have not been educated are less likely to have their deaths
registered. This information should be taken into account when preparing awareness
campaigns. Even when the procedure is free, there is an opportunity cost associated with
the time that must be spent and the time away from work. The positive link between
the possession of a birth certificate by the head of household and the death registration
of household members should also inform interventions aimed at strengthening CRVS.
Efforts to promote the registration of vital events through information, education, and
advocacy should not consider births and deaths separately. Another important result
from this study is the lack of association between death registration and the gender of
the deceased. By contrast, there were ample variations by age. Deaths of adults aged 60
and over were significantly more likely to be registered than those of adults aged 15 to
60. This result has important implications for mortality measurement from death reg-
istration data. Demographic techniques aimed at adjusting vital registration generally
assume that the completeness of death registration is invariant by age (above a certain
age in adulthood) (Moultrie et al., 2013). This assumption is unlikely to be met in prac-
tice, introducing biases in completeness estimates. Besides, because deaths in children
are significantly less likely to be registered, under-five mortality will be underestimated
if deaths in young children are adjusted upwards based on completeness levels estimated
in adults.

Turning to motivations for registering deaths, our study suggests that the exercise of
inheritance and remarriage rights, often cited as the main incentives of registration, are
not necessarily the primary motivations. According to relatives of the deceased, compli-
ance with the legal obligation was more important, as well as obtaining the necessary
documents immediately after the death. The importance given to the burial permit calls
for systematic monitoring of cemeteries to make burial conditional on the registration
of deaths. Information sources about death registration were mostly informal (family
and friends), and awareness-raising campaigns should take this into account to mobilize
existing family and social networks and perhaps local leaders (rather than be organized
through traditional media campaigns). The role played by health facilities was impor-
tant (the second most frequent source), but efforts to promote registration should not
focus solely on health facilities, because a significant proportion of deaths occur at home
(47%), even in an urban setting such as Dakar.
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On the accessibility of services, we showed that the likelihood of registration was asso-
ciated with accessibility of civil registration centres and population density, which sug-
gests that real or perceived lack of access to registration offices still plays an additional
role in hampering the reporting of deaths, even after controlling for standards of living.
The least populated and most isolated communes on the outskirts of Dakar, especially
in the eastern zone of Rufisque, should be considered as a priority when setting up new
centres to increase the propensity to register deaths.

Our study has some limitations and could be extended in several ways. First, census
data could be biased by the omission of some deaths or by recall errors about the regis-
tration of deaths. Second, we only explored here the motivations for registration among
registered deaths, but it would be necessary to investigate unregistered deaths. A study
of this type was carried out in a Health and Demographic Surveillance System (HDSS)
in Guinea-Bissau (Fisker et al., 2019) and should be conducted in other HDSS, includ-
ing those located in Senegal. Third, we focused our attention here on the Dakar region,
but further research is needed on barriers to registration elsewhere in Senegal, particu-
larly in rural areas, where travel costs are probably much higher. Burials that occur in
rural areas do not require a burial permit, which will also reduce incentives for regis-
tration. Our census-based study identified poverty level, lower education level, and lack
of accessibility of registration centers as key determinants of under-registration, but
proactive searches for unregistered deaths, such as through cemetery surveillance, and
cross-checking death registers with hospital or funeral home registers, would help to
more accurately profile unregistered deaths (Szwarcwald et al., 2014). Qualitative studies
would also help in improving our understanding of motivations for and barriers to death
registration. Additional studies are needed to define the best interventions to increase
registration, especially in the poorest neighborhoods on the outskirts of the city. This
study could also be complemented by an analysis of data from civil registration centres,
including the distribution by sex and age of reported deaths as well as spatial variations
in the completeness of registration. However, this would first require the development
of a centralized database compiling all vital events registered in the country, a first step
towards the production of vital statistics from the CRVS system in Senegal.

Appendix

A. 1. Questions asked about death registration

A- How important were the following elements in the decision to register the death at the
civil registration office? (a) the legal obligation, (b) obtaining a death certificate, (c) obtain-
ing authorization for the transfer or repatriation of mortal remains, (d) remarriage proce-
dures, (e) procedures related to inheritance.

For all these questions, the respondents could select a score ranging from 0 to 5: 0 (not
at all important), 1 (not important), 2 (more or less important), 3 (somewhat important),
4 (important), 5 (very important).

B- How did you hear about the importance of registering a death with the civil registry?
(several answers possible): (1) medical personnel, (2) funeral home, (3) radio, (4) television,
(5) print media, (6) internet, (7) friends/relatives, (8) family.
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A.2. Flowchart of the selection of respondents for the survey among relatives

Death declarations identified from
Identification of the deceased the 72 civil registry centers
(n =3075)
!
Filling screening sheets Completed sheets Unfilled sheets (n = 50)
by civil registry officers (n=3015) (absent trained officer)
I
L 2
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Complete verbal autopsy and Full a(:d :sla::)llg)VAs Incomplete( nan=d :Jgn)usable VAs
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A.3. Construction of the accessibility index

To construct the index of geographical accessibility of civil registration centres, we
used the improved two-stage floating attraction area method (E2SFCA) (Luo and Qj,
2009). This method is an enhancement of the two-step floating catchment area (2SFCA)
method, which was initially developed to measure spatial accessibility of primary care
physicians (Luo and Wang, 2003). The original 2SFCA method measures accessibility
as a ratio of primary-care physicians to population in two steps: (1) physicians’ avail-
ability is measured at their locations as a ratio of physicians to the population in the
catchment area, and (2) the ratios are summed around locations for overlapping catch-
ment areas. The E2SFCA method is an improvement in that it does not assume uniform
access within the catchment area. Luo and Qi (2009) broke down the catchment areas
into three different zones with different travel times and different weights.

We applied the E2SFCA method based on three sets of data, all georeferenced: (1)
maps of the Dakar region identifying neighbourhoods, (2) the 2013 census demographic
data, and (3) the survey of locations and characteristics of CRVS centres. There are 1,347
neighbourhoods (districts) covering the entire Dakar region for which we had popula-
tion estimates. As primary administrative units, these neighbourhoods are divided so
that none of them straddles two different borough communes, which offers possibilities
for aggregating data at this level. However, because the size of the neighbourhoods may
mask intraurban disparities in access to civil registration centres, it was decided to use
smaller area units (100-by-100-m blocks). The population numbers were broken down
into these blocks, multiplying the area of each block by the population density of the
district containing it.
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Table 5: Catchment areas according to type of civil registration centre

Category Radius Discrete zone

1 2 3
1 1.5 km 0-0.5 km 0.5-1 km 1-1.5km
2 3km 0-1km 1-2 km 2-3km
3 6 km 0-2km 2-4km 4-6 km

The CRVS diagnostic survey provided information on the number of officers in each of
the 72 civil registration centres, the GPS coordinates of these centres, the proximity of
a significant infrastructure or equipment, and a theoretical catchment area. The analysis
of the catchment areas (based on reports from the staff in registration offices) led us to
define three categories of civil registration centres (Table 5).

Two sets of weights were also computed for each CRVS centre, one based on the staff
in each centre and one based on the proximity of a civil registration centre with a sig-
nificant infrastructure or equipment (hospital, health centre, petrol station, school, etc.).
Since we did not have information on the transportation network, we used Euclidean
distance as a measure of travel time.

The calculation of accessibility was done in two steps. First, we proceeded from the
geographical position of each civil status centre to search for all the centroids of the 0.01
km? blocks included in the defined catchment area and calculated the ratio of civil sta-
tus centres to the population. The initial ratios in overlapping areas (where populations
potentially have access to several centres) were then added together. For more details on
the method, we refer the reader to Ndonky et al. (2015) and Luo and Qi (2009).

Three types of indicators were initially computed: the unweighted centres-to-popula-
tion ratio, the same ratio weighted by the size of the staff in each centre only, and finally,
this ratio weighted by the size of the staff and the proximity to other infrastructure and
equipment. There was a very strong statistical correlation between these three indicators
(>0.94). We retained the ratio based on weights related to staff and proximity to other
infrastructure for our analysis.

The indicator of geographical accessibility to civil registration centres in the Dakar
region is presented below for 100-by-100-m blocks. The estimates used in the main
manuscript were obtained after aggregating at the level of borough communes. Over-
all, the map below shows large spatial disparities in geographical accessibility of civil
registration centres, with a sharp contrast between the western parts of the region
with high accessibility and the east with low accessibility. However, in both the west-
ern and eastern parts, there are pockets of high accessibility, particularly around the
cities of Rufisque and Diamniadio. The northeast is the area most deprived in terms of
civil registration centres, while the west is characterized by strong spatial disparities.
The southwest (Dakar Plateau, Medina, Hann Bel Air, Fann), the Niayes region (Golf
Sud and Pikine Ouest), and Mbao have the highest accessibility. On the other hand,
in the northwest (Ngor, Yoff, Parcelles Assainies), there are areas of poor accessibility.
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Accessibility index

BGoree M 0,06 -1,75
M 0,005  -0,06

0,004 -0,005

0,003 -0,004

M 0,0002 -0,003
[l 0,00001- 0,0002
Ho - 0,00001

Source: ANSD/RGPHAE, 2013 Commune
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