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ABSTRACT

Background: Sidama is one of the most densely populated areas in Ethiopia. Information
about the demographic characteristics is scarce, and most studies were census based on
interviews. Earlier population studies from Ethiopia did not sufficiently address the validity of

measuring births, deaths, and age-composition.

Objective: To investigate the population characteristics in Sidama with an emphasis on

fertility estimates, age, and death reporting.

Methods: This is a mixed-method cross-sectional study, conducted in Sidama in southern
Ethiopia, using baseline data of newly established Dale-Wonsho Health and Demographic
Surveillance System site in 2018. We used quantitative data of 5179 randomly selected
households having 25,144 individuals. We collected information on deaths in the same
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study period and population from the traditional burial associations (/ddir). Qualitative data
were collected using focus group discussions, and in-depth interviews. Life tables, age
reliability indices and logistic regression were used to analyse the data.

Results: The total fertility rate was 2.9 children/woman, the crude birth rate was 22.8/1000
population and the crude death rate was 5.2/1000 population. The dependency ratio was 66/
100 working-age population. Urban residents had higher birth rates (OR = 1.4 (95% CL:
1.05-1.78), and women with basic education had lower birth rates (OR = 0.6 (95% CL:
0.46-0.78) compared to those with no education. The age accuracy indices showed unreliable
age reporting. The number of deaths increased from 29 to 132 when death reports from the
Iddirs were included. There was under-reporting of neonatal and deaths of young children.
Substituting national and regional mortality estimates, the life expectancy declined to an

average of 53 years (range 48-58 years).

Conclusion: The fertility rate in Sidama is lower than previously reported and is affected by
age, residence and education. As we have identified important measurement and reporting
errors, future demographic surveillance sites should consider these limitations.

Background

Although fertility started to decline in Asia and Latin
America about 60 years ago, it has only started to fall
in Africa over the past decade. Thus, an increase in
the projected population of Africa is still high, mainly
because of the high levels of fertility [1].

Demographic transition theory describes a series
of stages that a population experiences due to
changes in birth and death rates. During these stages,
the population growth and demographic structure
shift from a high to a low state of mortality and
fertility. Most often, the decline in mortality precedes
the decline of fertility [2].

Ethiopia, has during the past decades, experienced
high economic growth [3,4] and is undergoing
a demographic transition from high to low mortality
and fertility since the 1990s. The population growth
rate is expected to decline further, and life expectancy
is expected to increase. The reductions in mortality
and fertility rates are more rapid in Ethiopia than in

other sub-Saharan African countries [3-5]. This also
creates a window of opportunity for the country by
increasing the proportion of the working-age group
population to accelerate economic growth [6].

In addition to population size, fertility, mortality
and migration, age and sex structure can also influ-
ence the number of births, deaths, and moves of the
population taking place [2]. Under such a view,
reduced fertility can be viewed as an important factor
contributing to economic development [7-9]. Some
even argue that reduced population growth is
a necessary condition for achieving the development
aims, such as the Sustainable Development Goals 1-4
[10,11]. However, other scholars believe that fertility
reduction is a consequence, rather than a cause, of
other underlying changes, such as wealth and literacy,
that produce development [12,13]. Births, deaths, and
migration are considered the determinants of popula-
tion change. Change in one or more of these compo-
nents will result in a change in the population size or
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structure [2]. Countries generate information from
census, vital events registration, population-based
surveys, and surveillance systems. This is crucial for
evidence-based policy formulation and decision, pro-
gram planning, and practice. Most developed nations
have regular and well-established registration systems
as sources of information [14]. Unfortunately, in
many developing countries, there is a deficiency in
national civil registration and vital statistics system.
Ethiopia launched a vital event registration system in
August 2016, yet the coverage of birth registration in
southern Ethiopia is only 3% [15-17]. Therefore,
such countries still depend on data from health facil-
ity reports, census and demographic and health sur-
veys for planning and allocation of resources
[15,18-22].

Health and Demographic Surveillance Systems
(HDSSs) can provide valuable data for long term fol-
low-up of the specifically defined population [23-25].
To get an accurate measure of fertility and mortality,
eliminating the effect of age structure and population
size is essential. Distortion in age distribution may be
caused by past changes in the level of mortality, ferti-
lity, and migration or it may be due to errors. The
error may also be due to omission or misreporting of
individuals’ age. This is a common problem in devel-
oping countries [2].

In Ethiopia, the crude birth rate has fallen from
48.3 to 32.3 per 1000 population from 1985 till 2015,
and the total fertility rate is now 4.3 children per
woman [26]. The crude death rate also has fallen
from 19.0 per 1000 population in 1985, to 6.7 per
1000 population in 2015. The infant mortality rate
has decreased by 70%, and the under-five mortality
decreased by 74% since 1985 [26]. However, neonatal
mortality decreased by 52% [16,27]. Correspondingly,
the median life expectancy has risen to 66 years in
2015, from 46 years in 1985 [26]. Various studies
done in Ethiopia have shown that women who are
more educated, having better income and living in
urban areas, have lower fertility than their counter-
parts [16,28].

Even though there were different health and
demographic surveillance conducted in Ethiopia, the
findings are inconsistent across the country. The
study currently conducted in Sidama in southern
Ethiopia focus on mortality and fertility, where no
demographic studies had been done before. A study
done in Butajira rural health project in Ethiopia
showed the acceptable level of error for measuring
births, deaths and age. However, they failed to show
the errors encountered in the baseline population
because of measurement or program errors and con-
sidered them as limitations [29]. We believe that
addressing such potential measurement errors in
data collection in demographic studies is crucial to
avoid inaccuracies in subsequent data collections on

the same populations. It also helps to get estimates
that reflect the real population dynamics [30,31].

This study aims to investigate the population char-
acteristics in Sidama with an emphasis on fertility
estimates, age, and death reporting.

Methods
Study area

This study was done in two districts in Sidama
Region, one of the most densely populated areas of
southern Ethiopia with 533 persons/km? [32,33]. The
Region accounts for 4.0% of the National population
[34]. Ninety-five per cent of the population speaks
the native Sidama language. More than 84% of the
population is protestant in their religion, and the
traditional religion followers constitute almost 3% of
the total population [35]. The Dale district (woreda)
covers an area of 30,212 km?, with a population of
268,839 people and an estimated 53,768 households.
It has 36 rural and 2 urban kebeles (the lowest
administrative structures). Wonsho district covers
14,528 km® and 129,730 people live in 17 rural and
one urban kebele in 21,857 households. Even if agri-
culture is a prominent economic sector of the region,
farming is traditional [35,36] Both districts are
known for their coffee and crop production. Dale
district has 10 health centres and 33 health posts,
while Wonsho district has 5 health centres and 17
health posts [35,36].

Dale and Wonsho Health and Demographic and
Surveillance site

There has been an increase in the number of HDSSs
in Ethiopia [20]. And in 2017, Hawassa University
established its own Health and Demographic
Surveillance System site in Sidama in Dale and
Wonsho districts. This site aims to fill evidence gaps
by generating community-based health data in south-
ern Ethiopia. The D-W HDSS also signed
a memorandum of understanding with the
Ethiopian Public Health Institute (EPHI) and is con-
sidered as one of the surveillance sites which generate
longitudinal health and demographic data in
Ethiopia.

Ten of the kebeles were selected by simple random
sampling technique from Dale and Wonsho districts,
which were incorporated based on their agricultural
practice and environmental characteristics. The
urban kebeles were selected purposively; one from
each district to incorporate population from towns.
The estimated households in the sample are around
12,500, with a population of 60,000 people. The sur-
veillance site is called Dale-Wonsho Health and
Demographic Surveillance Site (D-W HDSS). (The



map of the study area is attached as supplementary
material 3).

Study design

This study used a mixed-method design, using both
quantitative and qualitative data. A cross-sectional
study design was employed to identify the popula-
tion characteristics. A qualitative study was under-
taken to explore perceptions regarding age
reporting, during vital events such as births, deaths,
and to triangulate these findings with the quantita-
tive findings. Triangulation is the planned use of
two or more methods independently, in investiga-
tions of the same event, to strengthen the validity of
the results. It helps in mitigating the biases and
limitations faced by using a single method [37]. It
was done through focused group discussions (FGD)
and in-depth interviews (IDI) on variables that
required a comprehensive understanding of the
community about reporting of events.

Sample size and sampling procedure for
quantitative data

In this study, we used a subsample of the D-W HDSS
census data. The D-W HDSS policy allowed us to use
about 40% of their data for this study. We checked
for sample adequacy by taking the national crude
death rate estimate of 6.7 per 1000 population, 95%
confidence interval, power of 80%, and unexposed/
exposed ration of 1. The sample size required using
these assumptions was 14,600; the margin of error for
this sample was 0.13%. The sample size used for the
current study was 25,144 individuals. We initially
took a weighted sample from each kebele based on
their population size. Then simple random sampling
using a random number generator was used to select
the specific house numbers from each kebele. For this
study, we included 41% of randomly selected house-
holds from the D-W HDSS baseline census, and we
used the collected data of the variables we wanted to
analyse. These processes made our sample represen-
tative. (Refer supplementary material 2 for detailed
sampling procedure).

The source population for this study were all
households in Dale and Wonsho districts, and the
study population were the households in the twelve
randomly selected kebeles of D-W HDSS.

Study unit

The households were selected by a random number
generator and included 5,179 households constituting
41% of the total households (Table 6 is attached as
a supplementary material 2).
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Sampling procedure for the qualitative study

Purposive sampling was used to select participants
(community leaders, religious leaders, experts) for
the in-depth interview (IDI) and Focus Group
Discussions (FGD) to explore the communities’ per-
ception and experience on mortality, birth and age
reporting. This method was used to supplement and
strengthen the quantitative findings of this paper.
A total of 8 IDIs, four from each district, were con-
ducted. A total of 48 individuals, who came from
each of the 12 kebeles participated in four different
FGDs. Two of the FGDs were for males and the other
two for females, having both younger and older age
categories to address the issues across the different
segment of the population.

Data collection procedure

Data were extracted from the Dale-Wonsho Health
and Demographic Surveillance site (D-W HDSS)
database in Hawassa University. The database con-
sists of six tables which contain background charac-
teristics, birth information, death information,
maternal information (FP and ANC), disease infor-
mation and household characteristics. For this study,
we used all except maternal and disease information
tables.

A de-facto census for a population who actually is
present during the enumeration [2], was done in 2017
from the selected 12 HDSS kebeles over 6 month
period. There were two local data collector and one
supervisor assigned for house visits in each kebele to
collect the data. The baseline information consisted of
background characteristics, information on births,
deaths, diseases, and household characteristics. Data
on migration were not collected at baseline. Then
data were entered into HRS-2 software [38] by four
trained data clerks. For this study, 41% of the house-
holds were selected and exported to Stata version 13
for cleaning and analysis.

Mortality data on the same population and for the
same period (deaths occurring within 12 months
before the HDSS survey) was collected from ‘Iddirs’
of all kebeles. Iddirs are traditional voluntary organi-
zations created with a primary purpose of offering
mutual aid in burial issues, even though they may be
involved in dealing with other community matters
[39]. The Iddirs’ death records were used to find out
missed mortality cases from HDSS and to cross-check
the accuracy of what was reported. However, the
Iddirs had only the names, sex and dates of deaths
of the deceased individuals. After having obtained the
addresses of the households, the data collectors went
to the deceased family’s household to confirm and get
additional information on the age of the deceased,
and the possible cause of death.
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Operational definitions are attached as supple-
mentary material 1 [60-63].

Data analysis

The analysis was done using Stata/IC version 13.0 soft-
ware (StataCorp LP., College Station, Texas, USA) and
Microsoft excel. Descriptive analysis was done on vari-
ables describing the population characteristics. The
population pyramid was constructed to see the age
and sex composition of the population. Age reliability
was calculated using Whipple’s index for ages ending by
zero and five, Myer’s blended index for all ages ending
from zero to nine, and United Nations Joint Score for
five years age groups up to age 70 years for both sexes
[2,40,41]. Principal component analysis (PCA) was
done to establish a wealth index. Eighteen variables
were dichotomized and considered for PCA. The vari-
ables were ownership of radio, television, refrigerator,
telephone, bicycle, motorcycle, car, cattle, carriage ani-
mals, sheep/goats, chickens and land; and material of
the roof and the floor, source of light, source of drinking
water, toilet facilities and cooking material. Sensitivity
analysis for children’s mortality and crude birth rates
was done by substituting estimates from regional and
national studies, to crosscheck the consistency of the
results. For mortality, the infant mortality rate (IMR) of
43 deaths/1000 live births and child mortality rate of 12
deaths/1000 live births from the national estimate were
used. Besides, the southern Ethiopia’s IMR of 65 deaths/
1000 live births and 25 deaths/1000 live births were
used to create different scenarios [16,42]. To calculate
the life expectancy for our study, we used southern
Ethiopia’s numbers of IMR of 65 deaths/1000 live births
with corresponding 42 infant deaths and child mortality
of 25 deaths/1000 live births with corresponding 39
child deaths [16]. Similarly, the national IMR of 43
deaths/1000 live births with corresponding 28 infant
deaths and child mortality of 12 deaths/1000 live births
with corresponding 19 deaths were substituted to cal-
culate different life expectancy scenarios [42]. For
births, the national crude birth rate (CBR) of 31.8
births/1000 population and Dabat HDSS’s CBR of 28
births/1000 population were used for comparison
[16,43]. Spectrum, a modelling and planning software
for improved health, version 5.761 software (Avenir
Health, Glastonbury, CT, USA) was used to estimate
the projected total fertility rate by comparing our data
(2.9 births/woman) with the national numbers that are
used in the software [44]. Bivariate and multivariable
logistic regression was done to assess factors associated
with fertility.

For qualitative data, the recorded audio in Sidamu
Afoo was translated to Ambharic by fluent speakers of
both languages. Then the Amharic version was trans-
lated and transcribed into English. We used ATLAS.
ti 6.2 qualitative analysis software (ATLAS. ti, GmbH,

Berlin) to code and analyse the data by two of the
researchers. Several emerging themes were generated,
such as ways of age estimation, culture on death
reporting and roles in a community.

Data management and quality control

The data clerks were trained about the protocol and
how to extract the data from the central database. The
data were initially cleaned manually by the principal
investigator. The consistency was checked for the com-
pleteness of the variables and mismatch between the
questionnaire and the data entered in the HRS-2 for the
selected households. When inconsistencies were found,
the PI went to the study site and asked the data collec-
tors for clarification. For incomplete data like mortality,
data was recollected by visiting the local community’s
organizations performing burial services called ‘Iddir’
from all the kebeles. The PI also assured the quality of
the data on 10% of randomly selected deaths reports by
going back to the selected households.

For qualitative data, after reviewing the literature, an
interview guide was prepared in consultation with an
experienced researcher who knew the Sidama culture
and lived in the locality. Then, it was formatted in
English and translated to the local language (Sidamu
Afoo) and back-translated to English to check its consis-
tency. One experienced interviewer having a BSc degree
in public health and an assistant, who spoke the local
language fluently were trained by the principal investi-
gator on the contents of the interviews. Moreover, the
assistant was trained in recording and taking field notes.
A tape recorder was used to capture all information from
the participants, and this was later translated into
English.

Results
Description of background characteristics

The total number of households in this study was 5179,
and the number of individuals living in these house-
holds was 25,144 people. Six out of ten people were
below the age of 25 years (15,542 people), and half of
the population were not married (10,063 people). Most
of the population, 96.5% (24,258 people) were Sidama
by ethnicity, 89% (22,322 people) were Protestants by
religion and 83% (20,817 people) lived in rural areas.
From those eligible for educational assessment, 35%
(7,596 people) had attended grade 1-4 (primary
cycle), and only 2.0% (492) had attended higher educa-
tion. (Table 7 is attached as supplementary material 3).

Demographic descriptions

Table 1 describes some of the demographic indicators

of the population. The average number of individuals
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Table 1. Some demographic indicators of Dale and Wonsho districts, 2017/18, Sidama, Ethiopia.

Indicators

Calculations

Value

Total number of live births in
a year
Crude Birth Rate (CBR)

Total Fertility Rate (TFR)
General fertility rate (GFR)
Gross Reproductive Rate (GRR)
Net Reproduction Rate (NRR)

Crude Death Rate (CDR)
Infant Mortality Rate

Child Mortality Rate 1-4
Under five morality rate
Crude rate of natural increase
Median age

Dependency ratio

Young dependency ratio
Old dependency ratio

Women of reproductive age

group
Child/woman ratio

Sex ratio (birth)
Sex ratio (total)

Life expectancy at birth (both
sexes)

Life expectancy at birth (Male)

Life expectancy at birth
(Female)

Persons per households

572 live births/573 births
573 annual birth/25,144 mid-year population

TFR = 5*ASFR/1000
573 births/6,628 reproductive age women
GRR = 5*Female ASFR/1000
GRR*Probability of surviving to the mean of age specific fertility distribution
(30.06 years in our case)
1.33*0.964
132 annual deaths/25,144 mid-year population
7 deaths of infants/573 live births in a year
3 deaths of children aged 1-4 years/573 live births in a year
10 deaths of under five years children/573 live births in a year
22.8 deaths-5.2 deaths

9,335 under 15 years +
664 elderly/
15,145 working-age population
9,335 under 15 years/15,145 working-age population

664 elderly/15,145 working-age population
Women aged 15-49 years of age

2217
under five year children/6628 reproductive age women
305 male infants/268 female infants
12,848 male population/
12,296 female population
The detail is annexed as a supplementary file 7, Table 10

The detail is annexed as a supplementary file 7, Table 11
The detail is annexed as a supplementary file 7, Table 12

25,144 individuals/5179 houses

99.8%

22.8 births per 1000
population

2.9 child per woman

86.5 per 1000 live birth

1.33 daughters per woman

1.28 daughters per woman

5.2 per 1000 population
12.2 per 1000 live birth
5.2 per 1000 live birth
17.5 per 1000 live birth
1.8 per 100 population
18 years

0.660 (66.0/100 working

population)

0.616 (61.6/100 working
population)

0.044 (4.4/100 working
population)

6,628 (26.4%)

0.334 (334 per 1000)

114
104

62 years

63 years
60 years

49

in a household was 4.9. The total fertility rate was 2.9
children per woman. The crude death rate of the
population was 5.2 deaths per 1000 population. The
dependency ratio of the population was 66 depen-

dents per 100 working-age population.
The population pyramid was typical of developing
countries with a wider base and narrow tip (Figure 1).

Above 85
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34
25-29
20-24
15-19
10-14

59
Under 5

Age group

Age preference of Dale and Wonsho districts’
population

The Whipple’s index for age with the terminal digit
of five was 274 and for terminal digit zero was 323.
The Myers’ blended index for each age ending from
zero to nine was 32. Similarly, the United Nations
Age-sex Accuracy Index (UNAI) or Joint Score

® Female

= Male

2,500 1,500 500

500 1,500 2,500

Count

Figure 1. Population pyramid of Dale and Wonsho districts 2017/18.
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(UNJS) was 110. These indices showed that the age
estimation as being unreliable, falling into the very
rough category. (Please see the supplementary mate-
rial 1 for detail information of the indices).

Result from qualitative study on age and death
reporting

The common themes that emerged from FGDs and
IDS were: the traditional way of age estimation,
annual holidays, historical events, birth certificate,
infant death, death of elderly, taboo, social security,
full human being, mourning, reducing age, exagger-
ating age, respect, approval and role in a community.

In Sidama, age determination was estimated by
considering historical and cultural events occurring
in the communities. The major traditional way of
estimating age was using the age-generation ‘Luwa’,
which is a system of local leadership changed in
a fixed interval. The Sidama new year festival,
‘Fichee Chambalala’, regime changes, and wars were
important landmarks for calculating the age of
a person. These all gave the approximate age of the
person. However, currently, because many people
were getting educated, they have certificates docu-
menting their children’s birth date. Only nine out of
56 respondents said the community uses birth certi-
ficate for age estimation.

Death of the infants was usually considered
a taboo in the community. There was a belief not to
consider infants as ‘a full human being’, or ‘a mature
person’ and mourning their deaths might bring
another bad event for the family. This means deaths
of infants might not have been recorded.

The age reporting among males and females had
also some differences, mainly due to cultural factors.
Young women tended to reduce their age, especially
when they are yet to get married or expected to bear
many children and get approval by the in-laws.
However, males tend to exaggerate their age, espe-
cially at young and old age due to security and social
respect obtained.

Description of births

Of the 573 births, 563 (98.3%) were singleton deliv-
eries, 572 (99.8%) were live births, and 248 (43.3%)
were deliveries outside health institutions (Table 8 is
attached as supplementary material 4).

Description of deaths

There were 58 deaths recorded in the census of 12
kebeles from the HDSS database of which 29 were in
our subsample. However, when we collected the data
from the ‘Iddirs’, we found a total of 265 deaths (78%
of the deaths were not found in the database), of

Table 2. Death characteristics of Dale and Wonsho districts’
population, 2017/18, Sidama, Ethiopia (N = 132).

Male Female
Variables N (%) N (%)
Deaths in the last one year 74 (56.1) 58 (43.9)
Place of death
Health institution 28 (63.6) 16 (36.4)
Home 41 (50.6) 40 (49.4)
On the road 3 (75.0) 1 (25.0)
Others 2 (66.7) 1(33.3)
Age at death
0-4 4 (5.4) 6 (10.3)
5-14 3 (4.1) 1(1.7)
15-24 2 (2.7) 2(34)
25-34 4 (5.4) 3(5.2)
35-44 6 (8.1) 7 (12.1)
45-54 7 (9.5) 9 (15.5)
55-64 10 (13.5) 6 (10.3)
65-74 9 (12.2) 10 (17.2)
75-84 11 (14.9) 9 (15.5)
>85 18 (24.3) 5 (8.6)

which 132 were in our sub-sample. Of thel32 deaths,
66.7% (88 deaths) occurred outside health institu-
tions. There were 10 deaths (7.6%) among children
under the age of five years. From the oral report of
the participants, for 22.7% (30 deaths) the cause of
death is unknown (Table 2). (See the causes of deaths
in supplementary material 5).

Because we registered under-reporting of deaths in
the census, we did a sensitivity analysis to evaluate
age-specific mortality and crude birth rate. Using
information from earlier national and regional esti-
mates, we estimated the under-reporting of infant
and child deaths and the number of live births in
our study (Table 3).

Table 4 shows that the life expectancy at birth
reduced from 62 years to an average of 53 years
(range 48 to 58 years) when substituting previous
national and regional estimates of infant and child
mortalities. (The life table information is presented in
supplementary material 7).

Determinants of fertility

Table 5 showed that age, educational status, religion,
and area of residence were associated with fertility.
The odds of women aged 25-29 giving birth were 6.2
(4.37-8.72) times higher than the odds of women
aged 15-19 giving birth. Women who had attended
basic education had lower odds of giving birth by
40% (OR = 0.6; 95% CI: 0.46-0.78) when compared
to those who were uneducated. The odds of urban
residents giving birth were 1.4 (1.05-1.78) higher
than the odds of rural residents giving birth.

Discussion

Our study shows that fertility in Sidama is lower than
in previous studies. Low fertility was associated with
individual factors of the women such as age,
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Table 3. Sensitivity analysis of birth and death estimates using different age specific mortality rates and crude birth rates, 2017/

18, Sidama, Ethiopia.

Rates used for

comparison
Age specific Number of Difference from the current cases (possible
Age group Assumptions mortality rates deaths number of unreported deaths)
Infant (<1 years) Current study 11 7
EDHS national 43 28 21
EDHS regional (Southern Nations, 65 42 35
Nationalities and Peoples Region)
Children (1-4) Current study 2 3
EDHS national 12 19 16
EDHS regional (Southern Nations, 25 39 36
Nationalities and Peoples Region)
All population Current study Crude birth rate  Number of
births
228 573
EDHS national 31.8 700 127
Dabat HDSS 28 704 131

Table 4. Sensitivity analysis of life expectancy at birth by
substituting different mortality estimates, 2017/18, Sidama,
Ethiopia.

X n

PX DX
Scenario 1: Using infant and child mortality of current study
0 1 641 7 61.79769
1 4 1576 3 61.96097
Scenario 2: Using infant and child mortality of EDHS, SNNPR 2016
estimates
0 1 641 42 48.04314
1 4 1576 39 53.0278
Scenario 3: Using national infant and child mortality of 2019 mini
EDHS estimates
0 1 641 28 54.63236
1 4 1576 19 57.99067

Where; X = exact age; n = interval between two exact ages stated in
years; Px = Population in x, x + n age group; Dx = number of deaths in
X, X + n age group; e,—Average Number of years a person aged x has to
live.

€

educational status and area of residence. This study
also revealed that there is inaccuracy in age and death
reporting.

One of the strengths of this study is using
a standard INDEPTH Network approved tools [45],
and using a random sampling of the population in
Sidama. Secondly, this study included both mortality
and fertility with major demographic indicators.
Thirdly, we used both qualitative and quantitative
data collection methods, which allow us to triangulate
and identify the information gaps in the data set.

The first limitation of this study was using respon-
dents own word for age reporting. Age was estimated
based on a memory of different events than record-
ings, therefore, resulting in unreliable age indices. We
believe there was a severe under-reporting of deaths
of infants, children and stillbirths. Sometimes it is
difficult to distinguish between stillbirths and neona-
tal deaths. And as it is seen from the sensitivity
analysis, if there were hidden stillbirths and neonatal
deaths, the number of births could be higher than
recorded. Therefore, the fertility rates could be higher
than we report. We supplemented the DHS data by
collecting data from burial groups and by doing

a qualitative study as a form of verifying and validat-
ing the data. Furthermore, there was no information
collected on migration, so we could not calculate the
population change due to population movements.
From other areas of southern Ethiopia, we know
that migrations can be seasonal and large [46,47].

Around one-fifth of the population in this study
didn’t attend formal education. However, in studies
done in Gilgel gibe HDSS in Ethiopia, and Ghana, an
uneducated population constituted more than half of
the population [18,48]. This difference could be
ascribed to the time gaps between the studies and
the governments’ strategy to expand educational cov-
erage in the last decades.

In this study, the total dependency ratio was lower
than the 2015 national estimate and the 2012 Kersa
HDSS [26,49]. This might be due to the regional
variations in fertility and the misreporting of age on
lower and higher age group in our study site. It also
might be an indication of fertility transition where
there is a decline in fertility, which leads to an
increase in the working-age group.

The crude birth rate (CBR) in this study was lower
than the findings of EDHS, and other HDSS sites in
Ethiopia [16,43,48,50]. This difference might be
explained by the use of three years of data preceding
the survey in EDHS and the use of censuses in other
HDSS sites. Moreover, this study used twelve months
of data preceding the census. Besides, our study
population is more rural than urban, so it’s expected
to have higher CBR than urban HDSSs [51]. The
cultural issues related to probable severe under-
reporting of stillbirths and neonatal deaths probably
explain a part of our low CBR.

The Total Fertility Rate (TFR) in Sidama was 4.1
children per woman in the 2007 national census,
which is lower than the 2016 National Demographic
and Health Survey report [16,52]. Yet, the total ferti-
lity rate in our study was 2.9, which is lower than
both estimates. This might suggest that there might
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Table 5. Crude and Adjusted Odds Ratio of the associations between characteristics of reproductive age group women and
fertility in Dale and Wonsho districts, 2017/18, Sidama, Ethiopia (N = 6628).

Gave birth last year

Yes No
Variables N (%) N (%) COR (95% Cl) AOR (95% Cl) P-value
Age Group
15-19 44 (7.7) 1713 (28.3) Ref Ref
20-24 167 (29.1) 147 (18.9) 5.67 (4.03-7.97) 5.41 (3.84-7.62) <0.001
25-29 166 (29.0) 994 (16.4) 6.50 (4.62-9.15) 6.18 (4.37-8.72)* <0.001
30-34 97 (16.9) 654 (10.8) 5.77 (4.00-8.34) 5.54 (3.80-8.08)* <0.001
35-39 72 (12.6) 676 (11.2) 4.15 (2.82-6.10) 3.76 (2.52-5.61)* <0.001
40-44 24 (4.2) 508 (8.4) 1.84 (1.11-3.05) 1.67 (0.99-2.82) 0.05
45-49 3 (0.5) 363 (6.0) 0.32 (0.10-1.04) 0.28 (0.08-0.91)* 0.03
Ethnicity
Sidama 555 (96.9) 5818 (96.1) Ref. Ref.
Non Sidama 18 (3.1) 237 (3.9) 0.80 (0.49-1.30) 0.77 (0.42-1.41) 0.41
Religion
Protestant 522 (91.1) 5367 (88.6) Ref. Ref.
Orthodox 12 (2.1) 223 (3.7) 0.55 (0.31-1.00) 0.47 (0.23-0.96)* 0.04
Muslim 6 (1.0) 143 (2.4) 1.02 (0.69-1.51) 1.14 (0.75-1.71) 0.54
Others 29 (5.1) 293 (4.8) 0.60 (0.31-1.14) 0.61 (0.32-1.18) 0.14
Educational Status
Illiterate & read-write 191(33.3) 1806 (29.8) Ref. Ref.
Basic education 107 (18.7) 1608 (26.6) 0.63 (0.49-0.81) 0.60 (0.46-0.78)* <0.001
Primary cycle 170 (29.7) 1726 (28.5) 0.93 (0.75-1.16) 0.85 (0.67-1.09) 0.21
Secondary cycle 79 (13.8) 778 (12.8) 0.96 (0.73-1.26) 0.84 (0.61-1.16) 0.29
Higher Education 26 (4.5) 137 (2.3) 1.79 (1.15-2.80) 1.18 (0.72-1.93) 0.51
Wealth Index
Lower quantile 166 (29.0) 2033 (33.6) Ref. Ref.
Middle quantile 187 (32.3) 2019 (33.3) 1.13 (0.91-1.41) 1.16 (0.92-1.45) 0.20
Upper quantile 220 (37.0) 2003 (33.1) 1.35 (1.09-1.66) 1.23 (0.94-1.60) 0.13
Residence
Rural 436 (8.1) 4970 (91.9) Ref. Ref.
Urban 137 (11.2) 1085 (88.8) 1.44 (1.18-1.76) 1.37 (1.05-1.78)* 0.02

* Significant association

be a lower fertility trend in the area. The structure of
the population pyramid may also suggest declining
fertility rates.

The crude death rate (CDR) in this study was lower
than the result of other HDSS sites in Ethiopia and
Africa. The CDR ranged from 6.1 to 8.0 per 1000
population in other HDSS sites [43,48,50]. It might be
due to the under-reporting of neonatal and children
deaths in the study area. Moreover, the deaths missed
by both the HDSS data and Iddirs records might also
lower the CDR in the area.

There was discrepancy between the number of
deaths collected by the D-W HDSS and collected
from Iddirs. The reason for this difference might be
due to the data collection methods implemented.
D-W HDSS used face to face interviews, while our
study went to the traditional institution where deaths
are recorded. In a community where death reporting
is associated with a taboo, the number of death
reported by the family of the deceased might yield
a lower number.

In this study, the rate of crude natural increase was
below 2 per 100 populations which is lower than
other HDSS sites in Ethiopia and Africa [48,50,53].
In addition to an earlier explained under-reporting of
births, the difference between these results might be
due to the lower crude birth rate attributed to
increased contraceptive utilization over the past dec-
ades especially in rural population [16,54], and the

time difference between the studies that could not
consider the current level of fertility and mortality
in other HDSSs elsewhere.

By substituting the national and regional infant
and child death rates, the life expectancy at birth
ranged from 48 years up to 55 years [16,42]. This is
different from what we got from our study using the
census data (Table 7; 62 years), and the current
Ethiopian life expectancy of 66 years [26]. Since
there is confirmed under-reporting of neonatal and
children deaths in the community, we have a reason
to believe that the life expectancy in Sidama is lower
than the national estimates. Similarly, due to the
possible omission of stillbirths and neonatal deaths,
the number of births Sidama is smaller when com-
pared to different scenarios of national and other
HDSS studies [16,43].

As expected, women in the age group 25-29 years
had a higher fertility rate when compared to younger
age groups; as has been recorded elsewhere [16,51,55].

This study showed that there was no difference in
fertility between highly educated women and unedu-
cated women. This is different from the national health
survey and study done in Butajira in 2009, in which
uneducated women had more children when compared
with women who completed secondary and above edu-
cation [16,28]. The difference in this result might be the
methodology used. The Butajira study used fertility as
a count data to assess total children ever born to women



in the reproductive age group and the national survey
used data three years before the survey, whereas this
study used births one year before the census. However,
it could also be explained by the fact that uneducated
women have an improvement in their contraceptive
use, while educated women are having enough financial
support to raise more children [52].

In the current study urban resident were more likely
to give birth than their rural counterparts. This finding
is contrary to other studies [16], in which urban resi-
dents had lower fertility except in Guatemala [56].
Moreover, the increasing rural- to- urban migration
in Africa might contribute to higher fertility in urban
areas [57]. This result might partially be explained also
by disparity in utilizing birth registration between
urban and rural communities [58,59].

The current study combined with previous studies
suggests lower fertility, leading to demographic divi-
dend. So the policymakers need to consider this transi-
tion and focus on interventions towards the increased
working-age population. There is a significant gap in
the community with age reporting and stillbirth and
neonatal death reporting. This needs to be addressed
by improving the vital registration systems in the com-
munity. Other demographic sites and subsequent
rounds should consider possible measurement errors
and try to lessen such limitations.

Acknowledgments

We acknowledge the Norwegian Programme for Capacity
Development in Higher Education and Research for
Development (NORHED) for funding this study. We also
thank the D-W HDSS staffs for their willingness to access the
data, especially Dr, Andargachew Kassa and Mr, Alemu
Tamiso. We are grateful to Dr, Eskindir Loha and Mr
Befikadu Tariku for their contribution during exporting and
analysing the data.

Author contributions

HA conceptualized the idea, designed the study, acquired and
analysed the data, wrote the protocol and drafted the
manuscript.

BL conceptualized the idea, guided the study design, the
proposal writing, helped to analyse the data, drafted and
validated the manuscript.

MD helped in conceptualizing the idea, the proposal writ-
ing, provided constructive comment in drafting the
manuscript.

All of the authors read and approved the submitted
version of the manuscript.

Disclosure statement

The views expressed in the submitted article are the
authors and not an official position of the institution or
funder.

GLOBAL HEALTH ACTION e 9

Ethics and consent

The ethical clearance was obtained from the Institutional
Review Board at the College of Medicine and Health
Sciences of Hawassa University (Reference number IRB/
022/10), and from the Regional Ethics Committee for
Medical and Health Research in Norway (2018/67/
REKvest). Permission was obtained from Hawassa
University Research and Community Service Directorate
to access the data from D-W HDSS database. For qualita-
tive study a formal letter was written to district health
offices from Sidama zone health office. The participants
were asked for their permission to participate with
a written consent and given a chance to withdraw from
the interview at any time. The data was kept in a secure
place to maintain the confidentiality.

Funding information

The research has been funded by the Norwegian
Programme for Capacity Development in Higher
Education and Research for Development (NORHED)
through the SENUPH (Southern Ethiopia Network of
University in Public Health) project (ETH-13/0025). The
Funder has no role in the design, data collection, analysis,
interpretation and writing of the manuscript.

Paper context

There is neither any demographic study done in Sidama
recently, nor the quality of the data is assessed for its
validity. The lower fertility rate is one sign of demographic
transition that gives opportunity to utilize the work force
created for development. However, the personal reporting
of vital events has flaws that can be corrected by establish-
ing a strong civil registration system supplemented by
quality health and demographic surveillance data.

Data availability statement

The data that support the findings of this study are openly
available in Zenedo at https://zenodo.org/record/3888986#.
X1-C3Wgzbl, md>5:32011f7c9adal731854a964236elbeff
[md5:79554c05f51dbe0177225b6794306¢cc3].

ORCID

Hiwot Abera Areru http://orcid.org/0000-0002-3049-
7236

Mesay Hailu Dangisso @ http://orcid.org/0000-0003-1245-
8839

Bernt Lindtjern ( http://orcid.org/0000-0002-6267-6984

References

[1] Gerland P, Raftery AE, Sev¢ikova H, et al. World
population  stabilization unlikely this century.
Science. 2014;346:234-237.

[2] Newell C. Methods and models in demography. New
York, USA: The Guilford Press; 1988.

[3] Hailemariam A. Ethiopia’s changing demography. In:
Cheru F, Cramer C, Oqubay A, editors. The Oxford
handbook of Ethiopian economy. New York: Oxford
University Press; 2019. p. 366-382.


https://zenodo.org/record/3888986#.X1-C3WgzbI
https://zenodo.org/record/3888986#.X1-C3WgzbI

10 H. A. ARERU ET AL.

[4] Hailemariam A. Demographic transition and demo-
graphic dividend in Ethiopia: opportunitiesand chal-
lenges; country case study. Addis Ababa: Addis Ababa
University; 2012.

[5] Teller CH, Hailemariam A, Gebreselassie T, et al. The
uniqueness of the Ethiopian demographictransition
within sub-Saharan Africa: multipleresponses to
population pressure,and preconditions for rural ferti-
lity declineand capturing the demographic dividend.
Afr Popul Stud. 2011;25: 362-380.

[6] Admassie A, Ali SN, May JF, et al. The demographic
dividend: an opportunity for Ethiopia’s transforma-
tion. Washington, DC: Population Reference Bureau
and Ethiopian Economics Association; 2015.

[7] Hailemariam A. Population dynamics and develop-
ment in Ethiopia. Addis Ababa: The Ministry of
Planning and Economic Development; 1994.

[8] Lakshminarayanan R. Population issues in the 21st
century: the role of the World Bank. Washington,
DC: The World Bank; 2007.

[9] Casterline JB. Determinants and consequences of high
fertility: a synopsis of the evidence. Washington, DC:
The World Bank; 2010.

[10] Starbird E, Norton M. Investing in family planning:

key to achieving the sustainable development

goals. Glob Heal Sci Pract J. 2020;4:191-210.

Robin Maynard GF. Population growth slows progress

towards sustainable development goals, says UN | popu-

lation matters | every choice counts | sustainable world

population. Project Syndicate [Internet]. 2019 [cited 2020

Aug 14]. Available from: https://populationmatters.org/

news/2019/04/05/population-growth-slows-progress-

towards-sustainable-development-goals-says-un

Morland P. The human tide: how population shaped

the modern world. 1st ed. London: John Murray;

2019.

[13] Gurmu E, Mace R. Fertility decline driven by poverty:

the case of Addis Ababa, Ethiopia. ] Biosoc Sci.

2008;40:339-358.

Ethiopian Public Health Association. Ethiopian uni-

versities health and demographic surveillance system:

network data sharing and release policy. Addis Ababa,

Ethiopia: Ethiopian Universities Research Centers

Network; 2013.

Danish national ID Centre. Ethiopian civil certificates

issued by the vital events registration agency

[Internet]. Copenhagen, Denmark; 2018. Available

from: https://www.nidc.dk/-/media/

27CFA7A921B54F8292C5CEB140E1181A.pdf

Central Statistical Agency. Ethiopia, demographic and

health survey 2016. Addis Ababa; Rockville, Maryland:

The DHS Program, ICF; 2017.

[17] Federal Negarit Gazzette. Proclamation-no.1049/2017:
vital events registartion and national identity card
proclamation (amendment). 2017 Aug 7:9811-9817.

[18] Owusu-Agyei S, Nettey OEA, Zandoh C, et al.
Demographic patterns and trends in Central Ghana:
baseline indicators from the Kintampo health and
demographic surveillance system. Glob Health
Action. 2012;5:1-11.

[19] Jia P, Sankoh O, Tatem AJ. Mapping the environmen-
tal and socioeconomic coverage of the INDEPTH
international health and demographic surveillance
system network. Health Place. 2015 Nov;36:88-96.

[20] Ye Y, Wamukoya M, Ezeh A, et al. Health and demo-
graphic surveillance systems: a step towards full civil

(11]

(12]

(14]

(15]

(16]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

registration and vital statistics system in sub-Sahara
Africa? BMC Public Health. 2012 Dec 5;12:741.
INDEPTH Network. Population and health in
developing countries:Population, health, and survi-
val at INDEPTH sites. Vol. 1. Ottawa, ON, Canada:
International Development Research Centre; 2002.
WORLD BANK, World Health Organization. Global
civil registration and vital statistics: scaling up invest-
ment plan 2015-2024. Washington, DC: World Bank
Group; 2014.

Carrel M, Rennie S. Demographic and health surveil-
lance: longitudinal ethical considerations. Vol. 86,
Bulletin of the World Health Organization. Geneva,
Switzerland: World Health Organization; 2008 Aug.
Kahn K, Tollman SM, Collinson MA, et al. Research
into health, population and social transitions in rural
South Africa: data and methods of the Agincourt
Health and Demographic Surveillance System. Scand
J Public Health Suppl. 2007 Aug;69:8-20.

Kaneko S, K’opiyo J, Kiche 1, et al. Health and demo-
graphic surveillance system in the Western and coastal
areas of Kenya: an infrastructure for epidemiologic
studies in Africa. ] Epidemiol. 2012;22:276-285.
Uited Nations. World population prospects - popula-
tion division. New York, USA: United Nations; 2019.
UNICEF. Child mortality - UNICEF DATA
[Internet]. 2019. Available from: https://data.unicef.
org/topic/child-survival/under-five-mortality/
Mekonnen W, Worku A. Determinants of fertility in
rural Ethiopia: the case of Butajira Demographic
Surveillance System (DSS). BMC Public Health. 2011
Dec 10;11:782.

Fottrell E, Byass P, Berhane Y. Demonstrating the
robustness of population surveillance data: implica-
tions of error rates on demographic and mortality
estimates. BMC Med Res Methodol. 2008 Dec 25;8:13.
Chemhaka GB, Odimegwu C, Zwane EN, et al. Is
Swaziland census data suitable for fertility
measurement? Genus. 2016 Jul 14;72:1-13.

Barua RK. Detection of digit preference and age mis-
reporting by using demographic techniques. Dhaka,
Bangladesh: East West University; 2015.

Central Statistical Agency, Ethiopian Development
Research Institute, International Food Policy
Research Institute. Population & housing census:
ATLAS OF ETHIOPIA 2007. Washington, DC;
Addis Ababa: International Food Policy Research
Institute (IFPRI), Central Statistical Agency; 2010.
Central Statistical Agency. 2007 population and hous-
ing census of Ethiopia: section-B population. Addis
Ababa, Ethiopia: Population Census Commission;
2007.

Federal Democratic Republic of Ethiopia Population
Census Commisssion. Summary and statistical report
of the 2007 population and housing census: popula-
tion size by age and sex. Addis Ababa, Ethiopia:
Population Census Commission; 2008.

Sidama Zone Finance and Economic Development
Office. Sidama zone administration socio-economic
profile 2014/15. Hawassa: SNNPR; 2016.

Dalle Woreda Finance and Economic Development
Office. The development of social and economical
information of Dalle woreda. Hawassa: SNNPR; 2016.
Greene JC, Caracelli VJ, Graham WF. Toward
a conceptual framework for mixed-method evaluation
designs. Educ Eval Policy Anal. 1989;11:255-274.


https://populationmatters.org/news/2019/04/05/population-growth-slows-progress-towards-sustainable-development-goals-says-un
https://populationmatters.org/news/2019/04/05/population-growth-slows-progress-towards-sustainable-development-goals-says-un
https://populationmatters.org/news/2019/04/05/population-growth-slows-progress-towards-sustainable-development-goals-says-un
https://www.nidc.dk/-/media/27CFA7A921B54F8292C5CEB140E1181A.pdf
https://www.nidc.dk/-/media/27CFA7A921B54F8292C5CEB140E1181A.pdf
https://data.unicef.org/topic/child-survival/under-five-mortality/
https://data.unicef.org/topic/child-survival/under-five-mortality/

(38]

(39]

(40]

[41]

(42]

(43]

(44]
(45]

[46]

(47]

(48]

(49]

(50]

(51]

MacLeod B, Phillips JF. The HRS2 technical manual.
New York: Population (English Edition); 1998.
Pankhurst A, Mariam DH. The iddir in Ethiopia:
historical development, social function, and potential
role in HIV/AIDS prevention and control. Northeast
Afr Stud. 2000;7:35-57.

Bwalya BB, Phiri M, Mwansa C. Digit preference and
its implications on population projections in Zambia:
evidence from the census data. Int J Curr Adv Res.
2015;4:92-97.

Francis E-B, Senyefia B-A, Bridget Sena B. Statistical
analysis of age reporting errors by insured and unin-
sured patients in Cape Coast Teaching Hospital of
Ghana. Biomed Stat Inf. 2019 Aug 15;4:15.

Ethiopian Public Health Institute (EPHI) [Ethiopia] and
ICF. Ethiopia mini demographic and health survey 2019:
key indicators. Rockville, MD: EPHI and ICF; 2019.
University of Gondar. Profile of Dabat health and
demographic surveillance system/dabat research cen-
ter/. Gondar: University of Gondar; 2012.

Bollinger L, Stover J, Hecht K, et al. Spectrum Manual.
Glastonbury, Connecticut: Avenir Health; 2019.
INDEPTH Network. INDEPTH resource kit for demo-
graphic surveillance systems (Beta Version 0.9). 2008.
Fassil E, Mohammed B. Dynamics and determinants
of rural-urban migration in Southern Ethiopia. ] Dev
Agric Econ. 2017;9:328-340.

Fransen S, Kuschminder K Migration in Ethiopia: history,
current trends and future prospects paper series: migra-
tion and development country profiles. 2009 Dec:41.
Jimma University. Gilgel Gibe field research centre.
Jimma, Ethiopia: Jimma University; 2011.

Coates MM, Kamanda M, Kintu A, et al
A comparison of all-cause and cause-specific mortality
by household socioeconomic status across seven
INDEPTH network health and demographic surveil-
lance systems in sub-Saharan Africa. Glob Health
Action. 2019 Jan 1;12:1608013.

Assefa N, Oljira L, Baraki N, et al. HDSS profile: the
Kersa health and demographic surveillance system.
Int J Epidemiol. 2016 Feb;45:94-101.

Assefa N, Semahegn A. Fertility is below replacement
in Harar health and demographic surveillance system
(Harar HDSS), Harar town, Eastern Ethiopia. Fertil Res
Pract. 2016 Dec;2. DOI:10.1186/s40738-016-0023-8.

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

GLOBAL HEALTH ACTION (&) 11

Central Statistical Agency. 2007 national census,
Ethiopia. Addis Ababa: Office of the Population
Census Commission; 2007.

Mrema S, Kante AM, Levira F, et al. Health & demo-
graphic surveillance system profile: the Rufiji health
and demographic surveillance system (RUFIJI HDSS).
Int J Epidemiol. 2015 May 27;44:472-483.

Worku AG, Tessema GA, Zeleke AA. Trends of
modern contraceptive use among young married
women based on the 2000, 2005, and 2011
Ethiopian demographic and health surveys:
a multivariate decomposition analysis. PLoS One.
2015 Jan 30;10:e0116525.

Zelalem D, Semahegn A, Tesfaye G, et al. The level and
patterns of fertility among women in Kersa demographic
surveillance and health research center (KDS-HRC) field
site, Kersa District, East Ethiopia. Fertil Res Pract. 2015
Dec;1. DOI:10.1186/s40738-015-0010-5.

United Nations, Population Division. Fertility levels
and trends in countries with intermediate level of
fertility. New York: United Nations; 2001.

Lerch M. Fertility decline in urban and rural areas of
developing countries. Popul Dev Rev. 2019 Jun
19;45:301-320.

Yihdego M, Amogne A, Desta S, et al. Improving the
demand for birth registration: a discrete choice experi-
ment in Ethiopia. BMJ Glob Heal. 2020;5:1-10.
PLAN. Universal birth registration-a universal respon-
sibility. UK: Plan Limited; 2005.

Central Statistical Agency. 2007 population and housing
census of Ethiopia: administrative report. Addis Ababa:
Office of the Population Census Commission; 2012.
Adamu Y, Macleod C, Adamu L, et al. Prevalence of
Trachoma in Benishangul Gumuz Region, Ethiopia:
results of seven population-based surveys from the
Global Trachoma Mapping Project. Ophthalmic
Epidemiol. 2016;23:70-76.

Mengesha AD. The role of Sidama indigenous
institutions in conflict resolution: in the case of
Dalle Woreda, Southern. Am ] Sociol Res.
2016;6:10-26.

World Bank. Education in Ethiopia: strengthening the
foundation for sustainable progress. Washingiton, DC:
The International Bank for Reconstruction and
Development/The World Bank; 2005.


https://doi.org/10.1186/s40738-016-0023-8
https://doi.org/10.1186/s40738-015-0010-5

	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Background
	Methods
	Study area
	Dale and Wonsho Health and Demographic and Surveillance site
	Study design
	Sample size and sampling procedure for quantitative data
	Study unit
	Sampling procedure for the qualitative study
	Data collection procedure
	Data analysis
	Data management and quality control

	Results
	Description of background characteristics
	Demographic descriptions
	Age preference of Dale and Wonsho districts’ population
	Result from qualitative study on age and death reporting
	Description of births
	Description of deaths
	Determinants of fertility

	Discussion
	Acknowledgments
	Author contributions
	Disclosure statement
	Ethics and consent
	Funding
	Paper context
	Data availability statement
	References



