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Abstract

Background Full birth histories (FBHs) are a key tool for estimating fertility and child mortality in low- and middle-
income countries, but they are lengthy to collect. This is not desirable, especially for rapid turnaround surveys

that ought to be short (e.g., mobile phone surveys). To reduce the length of the interview, some surveys resort

to truncated birth histories (TBHs), where questions are asked only on recent births.

Methods We used 32 Malaria Indicator Surveys that included TBHs from 18 countries in sub-Saharan Africa. Each set
of TBHs was paired and compared to an overlapping set of FBHs (typically from a standard Demographic and Health
Survey). We conducted a variety of data checks, including a comparison of the proportion of children reported

in the reference period and a comparison of the fertility and mortality estimates.

Results Fertility and mortality estimates from TBHs are lower than those based on FBHs. These differences are driven
by the omission of events and the displacement of births backward and out of the reference period.

Conclusions TBHs are prone to misreporting errors that will bias both fertility and mortality estimates. While we find
a few significant associations between outcomes measured and interviewer’s characteristics, data quality markers
correlate more consistently with respondent attributes, suggesting that truncation creates confusion among mothers
being interviewed. Rigorous data quality checks should be put in place when collecting data through this instrument
in future surveys.

Keywords Truncated birth histories, Recall errors, Child mortality estimation, Fertility estimation, Demographic and

Health Surveys

Background

Despite recent progress, Civil Registration and Vital Sta-
tistics Systems (CRVSs) need to be complemented with
surveys and censuses for monitoring mortality and fer-
tility trends in many countries. Globally, the percentage
of children under 5 years old whose birth was registered
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was only 65% in 2015 [1]. In 2020, 88% of under-five
deaths occurred in low- and lower-middle-income coun-
tries, where retrospective surveys and censuses are often
the only nationally representative data sources on child
mortality [2].

In addition to the number of births that occurred over
the last 12 months, censuses typically collect summary
birth histories (SBHs), asking about the total number of
children ever born to women of reproductive age and the
number of children who are still alive. The proportions of
deceased children are converted to life-table probabilities
of dying, using the age of the mother and standard age
patterns of fertility to approximate exposure to the risk
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of dying [3]. Fertility rates are estimated from reports
on recent births that occurred in the household, usu-
ally adjusted upward to be consistent with information
provided on past fertility [4]. These indirect estimates
fill a critical data gap in many countries, but censuses
are not frequent, at best only every 10 years. Moreover,
indirect methods applied to SBHs are underpinned by
strong assumptions. For example, mortality is assumed
to be uncorrelated with maternal age at birth, but chil-
dren from less advantaged backgrounds are overrep-
resented in reports from young mothers aged 15-19
years, resulting in overestimation of recent mortality
[5]. Additionally, the calculation of a reference period
for the estimates requires that changes in fertility and
mortality have been gradual and smooth. Census esti-
mates are therefore unsuitable for monitoring trends
in contexts disrupted by conflicts or health crises such
as the COVID-19 pandemic. Demographic surveys are
conducted more regularly, and usually collect full birth
histories (FBHs) with additional questions on children’s
ages at the time of survey (or at the time of death), allow-
ing for direct calculation of fertility and child mortality.
Since 2020, the DHS has adopted full pregnancy histo-
ries (FPH) as the standard instrument with the intent to
produce better estimates of abortions, miscarriages and
stillbirths and to improve the measurement of neonatal
mortality [6, 7]. However, both FBHs and FPHs are long,
requiring around ten questions per pregnancy or child
ever born [8]. In a study conducted in Guinea-Bissau,
Ethiopia, Uganda, Bangladesh and Ghana, the mean time
taken to complete a FBH and FPH was respectively 9.1
and 10.5 min [9]. This can be demanding on respondents
and interviewers alike, in settings where fertility is high.
Moreover, the information collected on birth or pregnan-
cies that occurred in the distant past is of little use and
more likely to be affected by recall errors. Numerous
past surveys are now available to reconstruct trends, and
this reduces the need for long windows of retrospection.
Short birth (or pregnancy) history survey instruments
are particularly desirable for new interview modalities,
including telephone surveys [10], where the enumerator
has less control over respondent engagement.

The Real-Time Monitoring of Under-Five Mortal-
ity Project tested various approaches to generate timely
estimates without resorting to FBHs; the project evalu-
ated the community-based reporting of vital events, the
use of health facility data, the imputation of FBHs from
an earlier survey onto SBH data from a recent survey and
the tracking of cohort changes between surveys in the
mean number of children ever born and surviving [11,
12]. However, these different methods did not produce
acceptable estimates. Another study focusing on house-
hold reports on the survival of recent births, a short
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instrument for measuring mortality, showed that such
reports provided mortality estimates that were biased
downward and surrounded by large non-sampling uncer-
tainty [13].

Some surveys have resorted to a different approach,
truncated birth histories (TBHs), where questions are
asked only on recent births. Recent is defined in rela-
tion to the date of the interview (e.g., last 5 years) or
in terms of the number of births (e.g., last two or three
births). TBHs have been employed in most Malaria Indi-
cator Surveys (MISs) organized by the Demographic and
Health Surveys (DHSs) program. Some Reproductive
Health Surveys (RHSs), Contraceptive Prevalence Sur-
veys and specific surveys focused on child mortality also
included a TBH [14]. The Performance Monitoring and
Accountability 2020 (PMA2020) surveys collected the
details for the last two births [15].

TBHs are appealing for rapid evaluation of fertility and
child mortality, but they have several disadvantages. First,
TBHs offer fewer opportunities to reconstruct trends,
or, to conduct analyses by cohort and birth order. Sec-
ond, mortality in older children and young adolescents
aged 5-14 years cannot be estimated from TBHs, and
an important proportion of premature mortality takes
place at these ages [16]. Third, the scope for data quality
assessments is more limited, while reporting errors and
selection biases could be more pervasive than in FBHs.
Respondents or interviewers may be tempted to shift
some births into the past to locate them beyond the trun-
cation date in order to save time, a problem already iden-
tified in FBHs to avoid additional lengthy sections of the
questionnaire on nutrition and health of recently born
children [17]. There could also be genuine difficulties in
placing births in the reference period. Additionally, the
omission of children, especially deceased children, might
be more frequent because interviewers cannot check the
consistency of information provided in the TBH against
summary data on the total number of children ever born
and surviving, which are usually collected as precursor.
Fourth, last-born children are overrepresented in TBHs,
and this could introduce selection bias in the mortality
estimates, as birth order is often associated with mortal-
ity [18].

Few studies have examined recall and selection biases
in TBHs, with inconclusive results. TBHs were first
tested in 1986 in DHS conducted in Peru and Domini-
can Republic [19, 20]. In both countries, an experimental
survey was conducted using TBHs in a nationally repre-
sentative sample, while a larger sample was surveyed with
the standard DHS questionnaire. There were no signifi-
cant variations in age-specific fertility rates or child mor-
tality for the recent period (1980-86) between the FBH
and TBH datasets, with no clear evidence of omissions or
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displacement of births. The authors concluded that “the
type of truncated history incorporated into the experi-
mental questionnaire appears to be an efficient and relia-
ble data collection strategy” [19]. Fertility indicators were
also comparable across types of questionnaires in the
Dominican Republic surveys [20]. In contrast, a compari-
son of the 1998 RHS in Mongolia, based on a full birth
history, with the 2003 and 2008 RHS based on TBHs,
showed compelling evidence that deceased children were
disproportionately omitted or transferred out of the ref-
erence period in the TBHs [21].

Given the use of TBHs in some survey programs and
their potential to reduce time, costs as well as interviewer
and respondent fatigue in future surveys, a more sys-
tematic evaluation is needed. In this study, we analyze
32 Malaria Indicator Surveys (MIS) from 18 countries in
Sub-Saharan Africa in which TBHs were collected. Each
survey is paired, and compared, to at least one survey
that collected FBHs in the same country around the same
period. We consider conventional data checks, such as
the sex ratio at birth or the share of children reported in
the recent past, and estimate fertility and mortality using
the available data. Finally, we evaluate whether mortality
indices obtained from TBHs could be affected by birth-
order compositional effects.

Methods

We use 32 TBHs conducted as part of the Malaria Indica-
tor Surveys between 2006 and 2021 in 18 countries, all in
sub-Saharan Africa, and pair them up with surveys that
collected FBHs. All but one survey with TBHs (Angola
2006-7) are paired up to a preceding survey with FBHs,
while 14 surveys are also paired up to a survey collected
in the following years. In total, our sample is made up of
45 pairs of surveys. Since some TBH surveys are repre-
sented twice (paired with both preceding and follow-
ing surveys), we test for sensitivity of our results by only
using preceding pairs. Our comparator is most often a
standard DHS survey, but in six cases, we match a MIS
that collected TBHs with another MIS that collected
FBHs. Matched MIS likely reduce differences across sur-
veys like in interviewer training or survey duration. In
addition to the Peru and Dominican Republic surveys
mentioned above [19, 20], and surveys conducted in El
Salvador (1985) and Nigeria (Ondo State, 1986), which
cannot be matched to a FBH in comparable period,
these 32 MIS surveys are the only ones to have used a
TBH within the DHS program. The MICS surveys did
not collect TBHs, and we know only of three TBH data-
sets available in the public domain from the RHS pro-
gram. We limit the analysis to MIS surveys to work with
a coherent set of surveys with similar content, duration
and interviewer training.
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Table 1 lists all survey pairs and includes information
about the truncation period in TBHs, as indicated in the
questionnaires. Henceforth, we refer to MIS that used a
TBH as “TBH surveys’, and to the standard DHS or MIS
surveys based on a FBH as “FBH surveys” We refer to the
period between the truncation date and the survey date
as the “reference period” Ten TBH surveys define this
period as a fixed interval before data collection, and the
reference period is the same for all respondents (6 years)
(Fig. 1a). Twenty-two surveys use a calendar date as the
cutoff (e.g., since 2016) and the length of the reference
period will vary across surveys and individuals (Fig. 1b).
The average length of the reference period varies from 5.4
to 7.0 years in the TBH surveys.

Both TBHs and FBHs are preceded by a summary birth
history; an enumeration of children living with their
mothers, those living elsewhere and those deceased. All
TBH surveys then collected data on the sex of recently
born children, their type of birth (single or multiple),
their date of birth, their survival status, their current age
when surviving, whether they lived with their mother
and their household line number for those living in the
household, starting with the most recent birth. In the
surveys they are paired with, FBHs have a similar struc-
ture, but the data are entered in the reverse order, from
the first birth to the last, and systematically include an
additional question on ages at deaths.

For the 6 pairs of surveys that compare two MIS sur-
veys, differences in data quality can be directly attributed
to the truncation of the birth histories. For the other 39
pairs of surveys, other sections of the questionnaire will
differ, and this may have repercussions for the qual-
ity of the birth history data. In the MIS, about 20 addi-
tional questions are asked for each child listed in the
birth history about the frequency of fevers, use of care
and treatment. In the standard DHS, follow-up questions
are asked for children born in the last 5 years, on fertil-
ity intentions at the time of pregnancy, pre- and post-
natal care, delivery assistance, vaccinations, nutrition,
prevalence of fevers and diarrhea and care given in case
of infection. (Some questions are only for the last birth
or two.) Incentives for interviewers to displace births are
thus present in both types of surveys. Gains in terms of
workload reduction could be greater in the case of dis-
placement or omission of a birth in standard surveys
than in MIS. Previous analyses suggest however that such

LA few children born more than 6 years before data collection were
reported in birth histories limited to a fixed 6-year reference period, but
these represent less than 4% of births and have been removed from the fol-
lowing analysis. In the 2006 MIS Senegal, no birth is reported in the period
5-6 years before the survey, so we truncated the FBHs accordingly.
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(a) Truncation based on time
prior to data collection (Liberia MIS 2011)
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(b) Truncation based on
a fixed date (Liberia MIS 2016)
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Fig. 1 lllustration of the truncation in MIS surveys conducted in Liberia in 2011 and 2016

displacements are rare in standard DHS surveys (approx-
imately 2% for births and 5% for deaths) [8].

On average, the time difference between the TBH and
the paired FBH surveys is 3.2 years (median of 3.0 years),
with a maximum of 7.3 years difference and a minimum
of 1.0 year. The majority of TBH surveys are compared
to FBH surveys from earlier years. As such, slightly lower
fertility or mortality should be captured in the TBHs than
in the FBHs. As the TBH surveys have a smaller sample
size than the corresponding FBH surveys (an average of
6600 women interviewed in TBH surveys versus 14,300
in FBH surveys we examine), uncertainty around esti-
mates derived from TBHs will be larger.

Sources of bias and checks employed
All birth history estimates of fertility and mortality rest
on the assumptions that reporting on live and dead chil-
dren is similarly accurate, that dates of birth and ages at
death are reasonably accurately reported, and that there
is no correlation between the mortality risk of a child and
the survival of mother. Bias in estimates also arise when
dead mothers had different fertility than surviving moth-
ers [22, 23]. Several studies have been conducted on the
quality of birth histories in DHS and we build on this
work for examining TBH surveys [8, 17, 24]. Unfortu-
nately, in the majority of the TBH surveys, information
on age at death was not collected, meaning that some
checks are only possible in two countries, Angola and
Mozambique.

First, we examine the mean number of children ever
born and deceased, irrespective of the timing of births.
This is useful to establish whether the summary birth

histories are complete before examining the fraction of
children reported after the truncation date. We compare
the mean numbers of children ever born and deceased
by the mothers’ birth cohort. For example, the average
parities reported by women aged 35-39 years in a sur-
vey conducted in 2020 should be higher than the average
among women aged 30-34 years in a survey conducted
5 years earlier. A decline in the average parities as we fol-
low each cohort through time reveals evidence of omis-
sion of children. We also consider whether female births
are more likely to be omitted by examining sex ratios at
birth.

Second, we estimate mortality indirectly, using the
proportion dead among all children ever born classified
by age group of mothers [21]. We use coefficients from
the North pattern of Princeton life tables to estimate
life table survivorship probabilities and convert all age-
specific values to the under-five mortality rate, as this
pattern is most appropriate for sub-Saharan Africa [25].
Again, these estimates are based on summary data col-
lected before the TBHs or FBHs, so we do not expect
deviations between the instruments, unless there are sys-
tematic differences in sample designs, interviewer’s train-
ing and conduct or respondent fatigue.

Third, we turn to the proportion of children born
before or after the truncation date. In FBH surveys, we
replicate the truncation by considering only children
born in the 6 years before data collection or using the
mean length of the reference period of the paired TBH
survey if defined based on a calendar year. The percent-
age of recent births is expected to be similar, as surveys
were conducted close enough in time. We compute the
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total fertility rates (TFRs) in the reference period to assess
whether there are missing children during this period.
We compare TFR values with World Population Pros-
pects (WPP) estimates [26], which are compiled from all
available national sources and constructed to be consist-
ent with other components of population dynamics. The
WPP estimates may themselves be subject to error as
they are informed by imperfect survey and census data in
the set of countries considered here [27]. However, in the
absence of exhaustive systems of vital registration, they
provide the best possible comparator, based on standard-
ized and transparent methods.

Fourth, we examine the proportion of children who
died before and after the truncation period. If children
who died in the reference period are likely to be omitted
or have their birth dates moved back so that they do not
appear in the truncated birth history, then the proportion
of children who died in the reference period will be too
low compared to FBH surveys, and the proportion dead
before the truncation date will be too high [21]. In Angola
and Mozambique, we can directly compare the age-spe-
cific risks of dying between TBH and FBH surveys.

Fifth, we evaluate the quality of reporting of dates of
birth. Because TBHs collect data over a shorter period of
time, higher quality of data on birth dates is expected. We
compute the percentage of children born in the reference
period for whom imputation was required to establish
the date of birth because the day, month and/or year was
missing.

We further examine whether the variations observed
between TBH and FBH surveys are associated with char-
acteristics of the women interviewed, or, of the enumera-
tors. This is possible for a subset of surveys where data
on interviewer characteristics were collected. (Those sur-
veys are identified in bold in Table 1) [24]. We use linear
regression models to predict the reported number of chil-
dren born alive and deceased. We included in the models
the women’s age group, educational attainment and place
of residence, in addition to the sex of interviewers, the
highest level of education they attained, whether they
have themselves experienced any child death as parents
and whether they had previously worked for the DHS
Program (for standard DHS or MIS surveys). Because
the number of interviewers can be quite small (100 inter-
viewers on average in TBH surveys analyzed here), and
interviewers are usually assigned to one region or two,
interpreting the results per survey can be challenging.
Hence, we also evaluate these associations in datasets
where we pooled all TBH or FBH together, and include,
in addition to the covariates listed above, survey-specific
fixed effects. Before pooling the datasets, we de-normal-
ized the survey weights so that each dataset had an equal
weight [28]. We run logistic regressions predicting the
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proportion of births or deaths reported in the reference
period, using the same set of covariates, in datasets from
each survey and the pooled datasets.

Finally, we assess the magnitude of biases associated
with the truncation. Births reported in TBH are not
representative of all births contributing to the mortal-
ity experience of children aged 0-5 years in the recent
period. As observed in Fig. 1b, children reported in a
TBH only contribute to the bottom triangle in the Lexis
diagram (more precisely, the area noted abdef). But
under-five mortality is usually calculated for periods,
most often for the full 5-year period prior to the sur-
vey (the square labelled acef). Some children contribute
to the calculation of exposure times and deaths for this
reference period in the case of a FBH, but they do not
appear in a TBH. This poses three potential problems.
First, the mortality experience of cohorts that do not
appear in the calculation (the bcd triangle) could differ
from the experience of those born recently, for example,
because of differences in the composition of these sub-
samples by maternal age or birth order. The second prob-
lem is that the estimation of mortality at older ages is
based on only a small number of cohorts; in our example,
children 4 years of age will only contribute person-years
and deaths in the last 2 years. Mortality rates at age four
will need to be approximated by rates measured in recent
years when estimating under-five mortality over the last
5 years. If mortality has declined over time, this assump-
tion will result in downward bias. The third problem is
that losing the bcd triangle in Fig. 1b increases the uncer-
tainty around the mortality levels calculated for reference
periods longer than 2 years, because the calculation is
based on fewer person-years of exposure. To evaluate the
magnitude of truncation bias, we extract under-five mor-
tality rates from FBH surveys based only on the recent
births (the abdef area) and compare them with the esti-
mates obtained conventionally from all births.

We use the survey package of the R statistical soft-
ware [29] to take into account the stratified two-stage
cluster design of DHS surveys for all calculations and
regressions. Standard errors around mortality and fertil-
ity rates are obtained using a Jackknife variance estima-
tion method [30].

Results

Mean number of children ever born and deceased

The upper panel of Fig. 2 presents the mean number of
children ever born in successive surveys in Liberia and
Tanzania, two countries selected because they each have
a MIS survey with TBHs and a MIS with FBHs. The esti-
mates are derived from the SBHs. The x-axis refers to
women’s birth cohort, so the curves of successive surveys
should follow each other without crossovers. In Liberia,
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(a) Children ever born
in Liberia
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(b) Children ever born

in Tanzania
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Fig. 2 Mean number of reported children ever born and deceased in Liberia and Tanzania surveys Note Squares correspond to estimates obtained

from TBH surveys, while circles refer to FBH surveys

the values reported in the three MIS are quite consist-
ent, irrespective of the type of birth histories collected
afterward, with a gradual rise in the mean number of
children ever born. In contrast, the curves derived from
the standard 2013 and 2019-2020 surveys intersect those
from several previous surveys, suggesting that older
women omitted some of their children. This pattern is
observed in several countries (see Additional file 1: Fig.
S1 for all survey pairs). Surveys are more consistent in
Tanzania, and again the two TBH surveys do not seem
to be affected by disproportionate underreporting, except

perhaps among older women in the 2017 MIS. Across
all survey pairs, the mean number of children ever born
reported in TBH surveys tend to be higher than those
reported in the preceding FBH surveys, as it should be.
In the few cases where they are lower (only 3% of the
age-specific estimates), these differences are not signifi-
cant. In sum, there is no sign of a disproportionately large
number of omissions in the SBHs collected in the TBH
surveys compared to the FBH surveys. In contrast, when
comparing the parities reported in the TBH surveys with
the FBH surveys that follow, crossovers are observed in
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Table 1 Surveys included in analysis
Country TBH survey Truncation Preceding FBH survey Following FBH survey
Angola 2006-07 MIS “Since 2001" 2011 MIS
Burkina Faso 2014 MIS “Since 2008" 2010 DHS
2017-18 MIS "2012-2017" 2010 DHS
Burundi 2012 MIS “from January 2006" 2010 DHS 2016-17 DHS
Ghana 2016 MIS "2011-2016" 2014 DHS
2019 MIS 2014-2019" 2014 DHS
Guinea 2021 MIS "2016-2021" 2018 DHS
Kenya 2015 MIS "From January 2010” 2014 DHS
2020 MIS "2015-2020" 2014 DHS
Liberia 2011 MIS "Last 6 years” 2009 MIS 2013 DHS
2016 MIS “2011-2016" 2013 DHS 2019-20 DHS
Madagascar 2011 MIS “Last 6 years” 2008-09 DHS
2013 MIS “Last 6 years” 2008-09 DHS
2016 MIS "2011-2016" 2008-09 DHS
Malawi 2012 MIS “Last 6 years" 2010 DHS 2015-16 DHS
2014 MIS “Last 6 years" 2010 DHS 2015-16 DHS
2017 MIS "2012-2017" 2015-2016 DHS
Mali 2015 MIS “Since 2009" 2012-13 DHS 2018 DHS
2021 MIS "2016-2021" 2018 DHS
Mozambique 2015 AIS/MIS “From January 2009” 2011 DHS
2018 MIS “2013-2018" 2011 DHS
Nigeria 2015 MIS “Last 6 years" 2010 MIS 2018 DHS
Rwanda 2013 MIS “Last 6 years” 2010 DHS 2014-15 DHS
2017 MIS “2012-2017" 2014-15 DHS 2019-20 DHS
Senegal 2006 MIS “Last 6 years" 2005 DHS 2008-9 MIS
2020-2021 MIS "2015-2020" 2019 DHS
Sierra Leone 2016 MIS “2011-2016" 2013 DHS 2019 DHS
Tanzania 2011-12 AIS/MIS “Last 6 years” 2007-08 MIS/AIS 2015-16 DHS
2017 MIS "2012-2017" 2015-16 DHS
Togo 2017 MIS "2012-2017" 2013-14 DHS
Uganda 2014-15 MIS “Last 6 years” 2009 MIS 2016 DHS
2018-19 MIS "Since 2013" 2016 DHS

Surveys for which we use data on interviewer characteristics are in bold. In the 2013 MIS in Madagascar, the cities of Antananarivo Renivohitra, Antsirabe | and
Fianarantsoa | as well as municipalities with an altitude higher than 1500 m were excluded from the sample as the malaria endemicity is very low in these areas. It is
therefore not strictly comparable to the 2008-9 DHS. Three Northern regions in Mali (Gao, Tombouctou and Kidal) were not surveyed in the 2015 MIS (due to security
issues), so these regions were similarly excluded from our analysis in the DHS 2018 (when compared to the 2015 MIS). They were not part of the 2012-2013 DHS
sample. These regions were included in the sample of the 2021 MIS

9 of the 14 survey pairs, and in two pairs, these differ-
ences are statistically significant. This is a sign of under-
reporting of children in FBH surveys, most of which were
standard DHS with longer questionnaires than the TBH
surveys they are compared to. We found no significant
difference between survey pairs in the gender distribu-
tion of children ever born.

The lower panel of Fig. 2 compares the mean num-
bers of deceased children. Again, crossovers are a sign
of poor data quality as the mean number of deceased
children should only rise over time within cohorts.

We observe such crossovers in Liberia and Tanzania,
but the differences across surveys are not significant.
When considering all TBH surveys and comparing
these to preceding FBH surveys, there is only one sur-
vey pair with a significant difference (Additional file 1:
Fig. S2). By contrast, when comparing TBH surveys
with those that followed, we found four FBH surveys
with a significantly lower mean number of children
deceased than reported in the paired survey, point-
ing again to some omissions of children (see the Libe-
ria DHS 2013 survey compared to the MIS in 2011 in
Fig. 2¢).
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Fig. 3 Trends in under-five mortality as estimated indirectly in Liberia and Tanzania and as estimated by UN IGME (2022) Note Indirect estimates are
derived from information provided by mothers aged 20-49 years. Squares correspond to estimates obtained from TBH surveys, while circles refer

to FBH surveys

Indirect estimates of under-five mortality

Indirect mortality estimates confirm the good quality of
the summary data on children ever born and deceased in
TBH surveys. Figure 3 compares the under-five mortal-
ity rates (USMR) from the TBH surveys in Liberia and
Tanzania, with the paired FBH surveys, alongside the
trend reconstructed by the UN Inter-agency Group for
Child Mortality Estimation [31]. The UN IGME estimates
are partly based on the MIS (indirect) and DHS (direct)
estimates, but they also rely on many other surveys and
censuses and account for recall errors through statisti-
cal modeling [2]. Most surveys provide higher levels of
U5MR than the UN IGME trend, irrespective of the type
of questionnaire used (Additional file 1: Fig. S3). The
median ratio of the indirect USMR over the UN IGME
level is 1.15 in the 32 TBH surveys, but only 1.02 in the
subset of matched surveys that used a FBH. This slight
overestimation of mortality with the indirect approach
has been observed previously and can be related to viola-
tions of the assumptions of the method rather than recall
errors [32]. In any case, these ratios higher than 1.00 con-
firm that TBH surveys are not disproportionately affected
by underreporting of live born or dead children, when
considering the summary data collected beforehand.

Timing of births and fertility rates

A different pattern emerges when considering the tim-
ing of births and fertility rates. In 28 of the 45 survey
pairs, the proportion of children reported as being born
during the reference period was significantly lower in
the TBHs than in the matched FBHs, while the reverse
was true in only one survey pair (Fig. 4a). On average,

10% of recent births were missing in TBHs. This per-
centage was similar when restricting the analysis to
survey pairs in which the FBHs came from a preceding
survey (11%).

An examination of the proportion of births reported
in the first year of the reference period suggests that
these births are more likely to be missed or displaced
(Fig. 4b). Among births reported in the reference
period, the proportion reported in the first year is 16%
lower in TBHs compared to FBHs. With the available
data, it is impossible to determine whether these lower
proportions are due to omissions, or, transfers of chil-
dren out of the reference period.

Such omissions and transfers result in biased fertil-
ity rates. Figure 5 presents the total fertility rate (TFR)
per annum and compares them to WPP estimates in
Liberia and Tanzania. There is relatively good agree-
ment between the TER values between surveys, which
are also consistent with the 2022 WPP estimates. Note,
however, that in each TBH survey, the value closest to
the truncation date shown in the dashed lines is con-
siderably lower than the more recent estimates. This
pattern is observed in many other TBH surveys (see
Additional file 1: Fig. S4). The median ratio between the
TBH TFRs and the WPP estimates is 0.99 when con-
sidering the year closest to the data collection, but this
median ratio drops to 0.78 when approaching the trun-
cation date. With FBHs, the median ratio is 1.00 for
the year before the survey and 0.96 for the year imme-
diately after the truncation date. These results con-
firm that a sizeable proportion of children born near
the truncation date were not mentioned in the TBH
surveys.
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(b) Proportions of recent births reported
in the first year of the reference period
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Fig. 4 a Proportions of all lifetime births that are reported in the reference period and b Proportions of all recent births (in the reference period)
that are reported in the year immediately following the truncation date Note For surveys that used a fixed truncation date (e.g., January 2011),
we calculated the proportion of births reported in 2011 among those reported in the first 5 years of the reference period, to account for the fact
that the last calendar year is not complete. We do the same for FBHSs. Survey pairs associating two MIS surveys are identified with squares

Table 2 Direct estimates of risks of dying in childhood in the Angola 2006-7 MIS and Mozambique 2015 AIS and in the paired surveys,

UN IGME 2022 estimates for the mid-point of each reference period

Angola Mozambique
MIS 2006-7 (TBH) MIS 2011 (FBH) 2015 AIS (TBH) 2011 DHS (FBH)
Neonatal mortality 23.8(143-33.2) 233(19.1-274) 14.0 (9.9-18.2) 304 (26.0-34.7)

Infant mortality
Under-five mortality
Reference period
Neonatal/infant mortality
Under-five mortality

UN IGME estimates
Neonatal mortality

Infant mortality

684 (55.6-81.1)
94.6 (73.1-115.5)

2004.5
2006.0

44.4 (35.6-54.7)
103.2 (88.9-119.9)

48.7 (42.8-54.7)
84.3(72.2-96.2)

2008.7
2010.2

38.2(27.4-52.0)
82.1 (63.5-105.1)

25.0(19.7-304)
43.1(33.1-53.0)

2013.0
2014.5

324 (23.8-42.5)
634 (54.9-73.4)

634 (57.0-69.8)
86.8 (76.7-96.8)

2009.1
20106

34.7 (27.0-42.9)
71.5(66.0-77.5)

Under-five mortality 170.4 (143.8-201.5)

131.5(98.2-174.0)

92.1(77.8-109.2) 107.1 (97.7-117.5)

Timing of deaths and mortality rates

Children missing from TBHs are more likely to be
deceased children. Figure 6a shows the proportion of
total deaths reported in the reference period, and points
to massive underreporting of deceased children, even
though they may have been reported when women were
asked about lifetime fertility. Of all the deaths initially
reported in response to the summary questions, 18%
were attributed to the reference period in FBH surveys
against only 7% in the TBH surveys. In more than half
of all survey pairs, the proportion of deaths that were in
the reference period was at least twice higher in the FBH
compared to the TBH.

Figure 6b provides another perspective and displays
the proportion of deceased children among recent
births, by maternal age. The median ratio of the propor-
tion of deceased children among recent births in FBHs
to the same proportion in TBHs is 3.6. Underreporting
of deceased children increases with mother’s age; the
median ratio rises from 2.2 in women aged 15-19 years
to 6.2 in women aged 45-49 years.

In Angola and Mozambique, we can estimate mortality
rates directly based on the TBHs, as data on ages at death
were collected (Table 2). To account for the truncation,
we restrict the estimation of under-five mortality to the
last 2 completed years before the survey, while neonatal
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Fig. 6 a Proportion of deceased children reported in reference period and b proportion deceased among births in the reference period, all survey
pairs. Note Survey pairs associating two MIS surveys are identified with squares

and infant mortality are estimated for the last 5 com-
pleted years before data collection. The last three rows of
Table 2 refer to estimates from the UN IGME, interpo-
lated to obtain a value for the midpoint of each reference
period [31]. In Angola, the age-specific mortality rates
estimated from the 2006 MIS, which collected TBHs,
are close to those inferred from the 2011 MIS, based on
FBHs. Confidence intervals around the estimates overlap
for neonatal and under-five mortality, and the infant mor-
tality rate is higher in the 2006 survey. This could reflect
real trends in mortality. The quality of the 2011 MIS itself
can however be questioned. The mean numbers of chil-
dren ever born and deceased are too low (see Additional
file 1: Figs. S1, S2), and the indirect estimates are also
much lower than estimated by the UN IGME (Additional

file 1: Fig. S3). When comparing values from the 2006—7
MIS or 2011 MIS with the IGME estimates, the latter are
significantly higher. The neonatal mortality rates (NMR)
estimated in the 2006—7 and 2011 MIS are one-half and
two-thirds, respectively, of the rates estimated by the UN
IGME for the same periods. We conclude that the Angola
2011 MIS is not of sufficiently high quality to serve as a
baseline for evaluating the TBH data collected in 2006-7.

In Mozambique, the 2011 FBH survey serving as a
reference appears to be of better quality. Fertility rates
derived from this survey are consistent with the WPP
estimates (Additional file 1: Fig. S4), and mortality lev-
els calculated directly are consistent with the UN IGME
values for the same reference periods. This is of course
partly because this 2011 survey informed the UN IGME
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Fig. 7 Trends in neonatal mortality in Angola and Mozambique from TBH and FBH surveys, and estimates from UN IGME (2022). Note Shaded areas
around the survey estimates refer to 95% Cl, while the shaded areas around the IGME estimates refer to 90% Cl

trend, but other data sources were also exploited (e.g.,
2008 MICS, 2015 AIS, 2017 census, 2018 MIS) [2]. Using
this 2011 survey as a reference, we conclude that the
TBH data collected in 2015 are afflicted by substantial
underestimation. The neonatal and under-five mortality
rates are about half the levels estimated via the 2011 DHS
4 years earlier, while infant mortality rates are nearly one-
third the level inferred from the 2011 survey. An exami-
nation of annual trends in neonatal mortality suggests
that underreporting of deaths is more severe closer to the
truncation date in the TBHs (Fig. 7). In Angola, the two
surveys provide fairly low estimates, but there is a clear
drop in levels of NMR in the 2 years directly following
the truncation date of the 2006 MIS that included a FBH.
In the 2015 TBH survey in Mozambique, the point esti-
mate closest to the truncation date is 40% lower than the
estimate closest to the survey date.

Completeness of data on dates of birth and death

The reported dates of birth are remarkably complete for
recent births. The proportion of surviving children with
complete information on dates of birth was higher than
99.9% in half of the FBH surveys, and higher than 99.2%
in half of the TBH surveys. Despite these high levels of
completeness, there were significant differences across
types of questionnaires. For example, in the 2016 MIS
in Madagascar, dates of birth were complete for 94.3% of
children, against 99.9% for recent births reported in the
2008 DHS. In 27 of the 45 survey pairs, completeness of
information was significantly higher in FBH than in TBH
surveys, whereas the reverse was true in only four sur-
vey pairs (Additional file 1: Fig. S5). For deceased chil-
dren, there is more hesitation about the date of birth; the
information is complete in 97.1% in FBH surveys against

93.7% in the paired TBH surveys. Again, completeness
was significantly higher in FBHs in 19 pairs of surveys,
whereas the reverse is true in only 5 pairs. The TBH sur-
veys thus appear to be less effective at collecting com-
plete data on children’s birth dates than the surveys to
which they were paired. This could point to less probing
in the TBH surveys if less emphasis was placed on this
part of the questionnaire, but it is also possible that the
introduction of a truncation causes confusion, especially
when reporting on children in reverse order of birth.

We evaluated the quality of reporting of ages at death
in surveys conducted in Angola and Mozambique and
observed that the proportion of child deaths (aged 1-4
years) for whom the age at death was exactly 1 year (or 1
year without additional information on the month) was
respectively 3.5 and 2.3 times higher in TBH surveys than
in the paired FBH surveys. Because age at death should
be reported in months up to 23 months, data quality on
ages at death is much lower in these two TBH surveys
(Additional file 1: Table S1). Some of these deaths could
be infant deaths reported as having occurred at exact age
1, which may partly explain the downward bias in infant
mortality rates in these two surveys.

Associations with characteristics of the women
interviewed and of the interviewers

When considering each survey separately, characteris-
tics of interviewers seem to be associated in several sur-
veys with the reported number of children ever born or
deceased, or, the proportion of births and deaths in the
reference period (Additional file 1: Figs. S6, S7). How-
ever, using the pooled dataset, we find few significant
associations in TBHs. The reported number of deceased
children is significantly higher when interviewers have
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around the estimates)

experienced a child death (Additional file 1: Table S2),
and these interviewers also seem to be associated with
more births being reported in the reference period
(Additional file 1: Table S3). These interviewers may be
able to conduct the interview with more sensitivity and
attention, reducing the risk of omissions. In the TBH
surveys, we analyzed, about one-third of the inter-
viewers were male. This differs from the standard DHS
surveys, where it is typically female interviewers who
collect data for the women’s questionnaire. In the FBHs
that we exploited, all interviews with women were con-
ducted by women. In a few surveys, we observe some
significant associations between the indicators meas-
ured and the sex of the interviewers, but these asso-
ciations are not significant in the pooled TBH dataset
(Additional file 1: Tables S2, S3).

Quite surprisingly, the associations with interviewer
characteristics appear to be more pronounced in FBH
surveys: a lower level of education among interviewers
results in fewer births and deaths being reported in the
summary birth histories and a lower proportion of deaths
in the reference period. Interviewers who have lost a
child themselves record more births and deaths in total,
but a smaller proportion of these births and deaths are
reported in the reference period (presumably because
the additional births they record refer to a more distant
past). Finally, interviewers in FBH surveys who have prior
experience with DHS can capture more deaths in the
summary birth histories. These results are intriguing and
require further analysis, but most importantly they sug-
gest that interviewer characteristics cannot explain the
differences observed between TBH and FBH surveys.

By contrast, the data quality markers in TBHs corre-
late with respondent attributes. Underreporting of recent
births in TBHs is more pronounced among mothers with
no education or only primary education (compared to
those with secondary or higher education), and in rural
(compared to urban) settings (Additional file 1: Fig. S9).
Differences across survey instruments are also larger for
women with lower educational attainment and those liv-
ing in rural areas when considering the proportion of
deaths reported in the reference period (Additional file 1:
Fig. S10).

Truncation bias

We now examine the selection biases that may arise
from truncation. As a reminder, with TBHs, we only
have information on the most recent births, while FBHs
provide us with deaths and exposure time for the full
age range 0-5 over desired reference periods. In refer-
ence to Fig. 1b, we are missing the triangle noted bcd
in TBHs. We consider three implications of this. First,
there could be differences in the composition by birth
order of the children that are reported. With the 2019-20
DHS conducted in Liberia, we computed the birth-order
composition of person-years lived below age five in the
quinquennial interval prior to data collection. We present
these values based on all children in Fig. 8a (blue curve).
This distribution is almost identical when computed only
for children born after the truncation date (red curve),
i.e,, in the area noted abdef in the Lexis diagram. This
similarity is observed in all the surveys examined in this
study. Differences in birth rank composition are therefore
unlikely to affect the estimates. The second implication
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is that mortality for children aged 1-4 years can only
be fully observed in the most recent years. Hence, the
truncation introduces a downward bias when estimating
under-five mortality for the period 0-5 years, due to the
mortality decline. In Fig. 8b, we present on the x-axis the
under-five mortality rate estimated from the 31 different
FBH surveys in our study by retaining all children who
contribute person-years or deaths during this reference
period, alongside rates obtained for that same reference
period by selecting only those children who would appear
in a TBH on the y-axis. The differences are often not sig-
nificant: the estimate from the full sample is contained
in 95% intervals computed from the truncated sample in
28 surveys out of 31. Yet, there is a systematic underesti-
mation, of the order of 4% on average, when restricting
the calculation to the most recent births, solely because
of this truncation effect. The bias will logically increase
when the duration of the reference period is reduced.
There is also more uncertainty in the resulting estimates:
the coefficient of variation (the ratio of the standard error
to the estimate) of USMR based only on the most recent
births is 12% higher on average than when based on the
full sample. This problem can be offset by increasing the
sample size, but in this case, the time and cost savings
offered by using TBHs are also reduced.

Discussion
Reliable and up-to-date estimates of mortality and fertil-
ity remain a pressing need to support program planning
and evaluate progress toward development goals, includ-
ing the ability to track short-term changes. In countries
lacking comprehensive systems of birth and death reg-
istration, FBHs collected in large-scale survey programs
such as the DHS remain key data sources but they might
not be the most cost-effective approach. In addition,
FBHs may not be suitable whenever there is a need for
a shorter instrument that can be deployed in rapid turn-
around surveys (e.g., mobile phone surveys) that are
cheaper and remain feasible in the situations where face-
to-face data collection is hindered due to an epidemic
outbreak or other crisis situation. TBHs seem a promis-
ing alternative. However, this study provides evidence
of extensive underreporting of recent births and recent
deaths in 32 surveys that used TBHs, especially in the
year immediately following the truncation date. We also
observed that a greater proportion of dates of birth had
to be imputed in the truncated birth histories. Data qual-
ity on ages at death was significantly lower in Angola in
2006-7 and Mozambique in 2015 than in the paired FBH
surveys, and the mortality levels were implausibly low in
these two surveys.

In our analysis of interviewer characteristics, we found
no compelling evidence that differences in data quality
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between FBHs and TBHs can be ascribed to the inter-
viewers themselves, whereas data quality markers cor-
relate with respondent attributes. This suggests that
TBHs are less well understood by respondents, although
it is also possible that less educated and rural women
are insufficiently assertive to correct an enumerator
who might be leading the interview in a certain direc-
tion. With the available data, there is no way to establish
whether misreporting errors made by respondents were
caused by confusion introduced by the truncation itself,
or, were associated with changing the order of births
being reported in birth histories. There is some limited
literature on the effect of changing this order on misre-
porting errors. Becker and Mahmud conducted a valida-
tion study in Matlab, Bangladesh, and compared error
patterns between ‘backward’ and ‘forward’ pregnancy
histories [33]. They observed that omissions of births
and errors in dates of birth were more frequent when
using the forward questionnaire. Potter also argued that
birth history questionnaires should begin with the most
recent, rather than the first birth [34]. This recommen-
dation is based on the assumption that women tend to
telescope earlier births toward the date of the interview,
and that recent births are more accurately reported. As a
result, recent fertility estimates are unbiased, but there is
a downward bias in fertility estimates for the distant past,
and an upward bias in the intervening period (5-15 years
before the survey). This pattern of error is more likely to
occur when birth histories are collected from the first
birth to the present, as in FBH. Our analysis suggests,
however, that collecting birth histories in reverse chrono-
logical order can also result in severe bias when truncat-
ing these birth histories. Since children are listed from
the most recent birth, some women could assume that
no other child could be included in the reference period
once a birth had been dated close enough to the trunca-
tion date. Because birth intervals are much shorter when
the preceding child has died [35], deceased children are
more likely to have been born closer to this penultimate
birth and to be omitted from the reference period.

Our study has several limitations. First, the observa-
tions we made are valid for MIS, but may not be gen-
eralizable to other survey programs. It is possible that
the MIS surveys are affected by a greater omission of
children than other surveys that used TBHs because
the measurement of under-five mortality may not have
been a priority for MIS as it is the case for standard
DHS. The training of interviewers may have been less
comprehensive for this part of the questionnaire, sim-
ply because questions on ages at death were not asked
in many MIS. The training period for MIS surveys is
also usually shorter than for standard DHS. To give
just an example, for the 2018-2019 MIS in Uganda, the



Masquelier et al. Population Health Metrics (2023) 21:8

main training of interviewers lasted 18 days, while the
main training for the 2016 DHS lasted a month. (The
DHS questionnaire was also longer with additional
modules including maternal mortality and domestic
violence.) Nevertheless, we observed significant differ-
ences between TBHs and FBHs even in cases where the
two surveys being compared were MIS surveys, so it
does seem that some of the errors uncovered here are
attributable to the truncation. Our results on underre-
porting of recent deaths are also consistent with Hill’s
work on RHS surveys in Mongolia [21].

Second, we are comparing surveys conducted several
years apart, so the variations observed could reflect dif-
ferences in the composition of the samples, and actual
trends in mortality and fertility. To reduce this bias,
we worked on 45 pairs of surveys, included FBH sur-
veys conducted before and after the TBH surveys, and
referred to model-based estimates of fertility and mortal-
ity from UN IGME and the WPP.

Third, we were only able to estimate age-specific mor-
tality in Angola and Mozambique, as other MIS surveys
did not collect information on ages at death.

Despite these limitations, our analysis suggests that
great caution should be exercised when truncating birth
histories. It appears that the time saved by using this
shorter instrument (restricting the birth history to about
one-third of births) does not offset the risks of introduc-
ing additional data errors, nor the reduced ability to doc-
ument trends and age patterns. If timing and resources
constraints dictate the use of TBHs, we recommend set-
ting the truncation date not too close to the survey date
(e.g., 10 years before the survey), probing and recording
the date of birth of the last birth before the truncation
date, and implementing continuous monitoring of cer-
tain data quality indicators during collection (such as the
proportion of children reported in the reference period).
Questions on ages at death should also be systemati-
cally collected to better measure mortality and allow for
conducting additional data quality checks. Further stud-
ies should be conducted to confirm that this instrument
confuses respondents. For example, additional work
could focus on TBHs conducted outside of the DHS pro-
gram and leverage Reproductive Health Surveys or coun-
try-specific surveys. Validation studies using randomized
controlled trials in which different survey instruments
are administrated to subgroups of the population being
interviewed would be useful [7, 36]. Innovative modes
of collecting data on recent births should also be tested,
such as adding recall cues or probing questions (e.g., on
the birth intervals between siblings), using major events
as anchors for the start of the reference period, or letting
respondents list the children in the order they come to
mind before rearranging them by birth order.
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Given the high burden of under-five mortality globally
(5 million deaths in 2021 [31]) and the centrality of fer-
tility trends in shaping population dynamics, improving
the collection of reproductive histories should be a key
priority for epidemiologists and demographers. At the
same time, improvements to survey instruments should
not distract us from an even more pertinent goal:
strengthening vital registration systems to enable con-
tinuous monitoring of demographic events and honor-
ing the right to be counted.
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