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Abstract

Introduction
Health and Demographic Surveillance Systems (HDSS) are important sources of population health
data in sub-Saharan Africa, but the recording of pregnancies, pregnancy outcomes, and early mortality
is often incomplete.

Objective
This study assessed HDSS pregnancy reporting completeness and identified predictors of unreported
pregnancies that likely ended in adverse outcomes.

Methods
The analysis utilized individually-linked HDSS and antenatal care (ANC) data from Siaya, Kenya for
pregnancies in 2018-2020. We cross-checked ANC records with HDSS pregnancy registrations and
outcomes. Pregnancies observed in the ANC that were missing reports in the HDSS despite a data
collection round following the expected delivery date were identified as likely adverse outcomes, and
we investigated the characteristics of such individuals. Clinical data were used to investigate the
timing of HDSS pregnancy registration relative to care seeking and gestational age, and examine
misclassification of miscarriages and stillbirths.

Results
From an analytical sample of 2,475 pregnancies observed in the ANC registers, 46% had pregnancy
registrations in the HDSS, and 89% had retrospectively reported pregnancy outcomes. 1% of
registered pregnancies were missing outcomes, compared to 10% of those lacking registration.
Registered pregnancies had higher rates of stillbirth and perinatal mortality than those lacking
registration. In 77% of cases, women accessed ANC prior to registering the pregnancy in the HDSS.
Half of reported miscarriages were misclassified stillbirths. We identified 141 unreported pregnancies
that likely ended in adverse outcomes. Such cases were more common among those who visited ANC
clinics during the first trimester, made fewer overall visits, were HIV-positive, and outside of formal
union.

Conclusions
Record linkage with ANC clinics revealed pregnancy underreporting in HDSS, resulting in biased
measurement of perinatal mortality. Integrating records of ANC usage into routine data collection
can augment HDSS pregnancy surveillance and improve monitoring of adverse pregnancy outcomes
and early mortality.
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Introduction

There have been substantial improvements in maternal and
newborn health since the beginning of global monitoring,
however stark regional disparities persist. Sub-Saharan Africa
is the region with the highest burden of stillbirths and early
mortality [1, 2]. The United Nations Sustainable Development
Goals call for reducing neonatal mortality (deaths within
the first 28 days of life) to 12 deaths per 1,000 live
births by 2030 [3]. While the reduction of stillbirths has
not been a focus of international policy and investment
agendas [4], visibility has increased in recent years. The
Early Newborn Action Plan, launched through a World
Health Assembly resolution in 2014, established the target
of reducing the stillbirth rate to 10 per 1,000 total births
in all countries by 2035 [5]. Accurate measurement is seen
as key to accelerating progress towards both targets. Health
management information systems (HMIS) or civil registration
and vital statistics (CRVS) systems are the ideal sources for
this information, but they are incomplete or non-existent in
most low- and lower-middle-income countries [6].

Nationally representative household surveys are the
primary sources of data on pregnancy loss and early mortality
in sub-Saharan Africa [7]. The most prominent among these,
the Demographic and Health Surveys (DHS), have been
instrumental to monitoring maternal and newborn health.
However, the omission of stillbirths and early deaths is a
serious limitation, which causes downward bias in mortality
estimates [8, 9].1 There are persistent challenges associated
with collecting survey data on such topics due to their
sensitive nature [7]. Qualitative research in rural Tanzania
and Uganda found that strong social norms discouraged
adverse pregnancy outcomes such as miscarriage and stillbirth
from being discussed publicly [12, 13]. The use of male
interviewers has been found to negatively impact data quality
and completeness, especially for such topics as pregnancy
and childbirth [11, 14]. Furthermore, distinguishing between
reported instances of miscarriage and stillbirth can be
impacted by survey translation, and overlap in the local
language terms for such events [7, 12]. It is worth noting
that these classification issues are not unique to lower-income
settings. A lack of uniformity in benchmarks of gestational
age, birthweight, and body length used to distinguish between
stillbirth and miscarriage has complicated global monitoring
efforts [4, 15].

Health and Demographic Surveillance Systems (HDSS)
are important sources of longitudinal population health data
throughout sub-Saharan Africa. HDSS sites routinely collect
information on demographic events such as births, deaths,
and migrations through recurring household interviews of
contiguous populations [16]. Though this prospective data
collection process is highly effective at tracking the vital
status of established residents, it is less reliable for collecting
information on pregnancy outcomes and newborns. In the
case that a pregnancy ends in a live birth, the newborn
will likely be enumerated in the HDSS at the subsequent
household interview round. However, pregnancies resulting in
adverse outcomes such as miscarriage, stillbirth, and early

1The DHS recently updated their core reproductive history
questionnaire to address data quality issues related to information
collected on pregnancy loss and early mortality [10, 11].

deaths (before the next household enumeration) are subject
to underreporting [16].

Some HDSS sites register ongoing pregnancies to facilitate
follow-up on pregnancy outcomes and early mortality [17]. We
previously found that mortality during the first year of life
was higher for cohorts of births with registered pregnancies
compared to those where the pregnancy was not observed,
implying omission of early deaths from the latter group [18].
While pregnancy registration appears to be an important
tool for improving measurement of early mortality, it is often
incomplete in HDSS sites [19]. Furthermore, little is known
about the number of pregnancies that are entirely missing
from HDSS records, lacking both pregnancy registration and
outcome reports. Given indications that pregnancies ending
in adverse outcomes are vulnerable to underreporting [19–21],
missing pregnancy reports are a likely source of downward bias
in HDSS measurement of stillbirths and neonatal mortality.
As HDSS are often deliberately set up in locations where
there is limited availability of other population-based data [16],
external validation of mortality estimates is difficult.

Record linkage with antenatal care (ANC) data is a
promising avenue for improving HDSS pregnancy data, and
can help address the data gap on pregnancy loss and
early mortality in sub-Saharan Africa. The World Health
Organization recommends that all pregnant women have at
least eight ANC assessments [22]. While only 52% of women
in sub-Saharan Africa make four or more visits, close to 90% of
women seek ANC services at least once during pregnancy [23].
Integrating records of ANC usage into HDSS data could reduce
frequency of surveillance rounds required to comprehensively
capture pregnancies and births. ANC data also have more
reliable information on the underlying conditions of mothers
affecting the survival of newborns. Record linkage has been
widely practised to support epidemiological research and
health services evaluation in high-income settings [24–29]. It
has been less common in sub-Saharan Africa, but the field
is growing, with several studies demonstrating its feasibility
[30–32].

In this work, we leveraged linked HDSS and ANC data to
shed light on pregnancy reporting and potential downward bias
in measurement of stillbirths, perinatal, and neonatal mortality
in an HDSS in western Kenya. This work provides a framework
for how individually-linked HDSS and ANC records can be used
to complement HDSS data and improve information collected
on pregnancies and their outcomes in settings lacking adequate
HMIS and CRVS.

Methods

Data

The study area is located in Siaya County in western Kenya.
The Siaya HDSS was established in 2001 as a collaboration
between the Kenya Medical Research Institute (KEMRI) and
the Centers for Disease Control [33]. The site includes the
rural communities of Karemo, Asembo, and Gem; covering
a total area of approximately 700 km2 with around 224,000
residents in 2020. Data collection has been conducted through
household interviews every four months up to 2015, and every
six months thereafter. A household proxy respondent reports
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to the HDSS fieldworker on behalf of all household members,
providing information on births, deaths, and migrations which
have occurred since the previous data collection round.
Information on pregnancy status is collected from women of
reproductive age directly, though a proxy respondent may
be used if the individual is not present at the time of the
interview. In the case that a pregnancy is registered, the
HDSS fieldworker is prompted to follow up on its outcome at
subsequent data collection rounds. Local community reporters
have also been trained to collect data on births and deaths in
their villages. HDSS fieldworkers refer to these records during
data collection to assure data completeness. More information
on the data collection protocols of the HDSS is available
elsewhere [33].

Beginning in February 2018, the HDSS initiated Point-
of-contact Interactive Record Linkage (PIRL) with 14 ANC
clinics in the Gem District of Siaya County. We will briefly
describe the record linkage process in Siaya, and more detail
on the PIRL approach is available elsewhere [32, 34, 35].
Data clerks stationed in clinic waiting rooms invited pregnant
women aged 13 or older who were seeking ANC to participate
in the record linkage study. After obtaining written informed
consent, women were enrolled in the study, and PIRL was
attempted for those who self-reported residence in the HDSS.
The data clerk collected information on up to three names
for the individual, date of birth, location of household in the
HDSS, and up to three names of another household member.
This information was entered into the PIRL software to search
for the individual in the HDSS database. Using the probabilistic
framework developed by Fellegi and Sunter [36], HDSS and
ANC record pairs were compared using a series of identifiers.
Each comparison contributed an agreement or disagreement
weight towards the total match score of the record pair, with
weights calculated as a ratio of the probabilities that true and
false matches agreed on the identifier [37, 38]. The match
probabilities used in the PIRL software were adapted from a
previous study which conducted record linkage between ANC
clinics and an HDSS in rural Tanzania [32]. The software
returned the 20 highest scoring potential matches from the
HDSS ranked in descending order, and the data clerk then
consulted the subject to identify the matching record.

Analysis

Sample of linked records

This analysis pertains to individuals who visited ANC clinics
after the start of record linkage on February 7, 2018 and had an
EDD prior to October 1, 2020. At the time of this analysis, the
most recent HDSS data was collected between October and
December 2020. The upper bound for EDD thus ensured that
at least one HDSS data collection round occurred following the
expected completion of all pregnancies included in the sample.
For women making their first ANC visit for a given pregnancy
during the first trimester, the EDD recorded in the clinic data
was typically estimated as 40 weeks after their last menstrual
period (LMP). For those with a later gestational age at first
visit, the EDD was either estimated from the LMP or by the
clinic nurse through fundal height palpation. In cases where
the EDD was updated at subsequent ANC visits, we used the
latest recorded EDD to evaluate the sample inclusion criteria.

Individuals who were not residing in the HDSS at the time
of ANC linkage (as per HDSS records) were excluded from
the analysis. As PIRL was only attempted for those who self-
reported as current residents of the HDSS, it is possible that
the individual incorrectly reported their residency status or that
their HDSS residency record was not up-to-date. Alternatively,
it could also be the case that the individual had not resided
in the HDSS long enough to be considered a permanent
resident. New arrivals to the HDSS are subject to a four-month
preliminary registration period. Depending on the timing of the
individual’s in-migration relative to the HDSS data collection
rounds, their status as a permanent resident may not be
confirmed for several months more. HDSS pregnancy reporting
could not be evaluated for such individuals.

External validation of HDSS pregnancy reporting

For linked individuals, we applied a series of deterministic
rules to assess whether pregnancy registrations and outcomes
in the HDSS pertained to the same pregnancy observed in
the ANC records. ANC pregnancies were matched to HDSS
records if (i) the registration occurred between the individual’s
LMP and EDD, and if there was an outcome, it was no more
than 36 weeks after the first ANC visit, (ii) the outcome was
between 8 weeks before and 20 weeks after the EDD, and
the total duration from pregnancy registration or first ANC
visit (whichever was earliest) to outcome was no more than
36 weeks, (iii) the outcome was between the first and last
ANC visit for a given pregnancy, and if there was a pregnancy
registration, the total duration between pregnancy registration
and the last ANC visit was no more than 36 weeks.

Some of the matches meeting the above criteria had
HDSS pregnancy outcomes which predated ANC visits for a
given pregnancy. This was likely due to pregnancy outcome
date misreporting. Reported dates of pregnancy outcomes
may be subject to recall errors and rounding, especially if
the outcome occurred early on in the interval between data
collection rounds, and several months passed before the next
household interview. Dates of pregnancy registrations, on the
other hand, are more reliable as they simply indicate whether
the individual in question was pregnant on the date of the
household interview. As such, the matching criteria were set
to be sufficiently lenient to allow for some date reporting errors
in pregnancy outcomes, but not pregnancy registrations.

We calculated the proportions of pregnancies observed in
the ANC clinics that were matched to pregnancy registrations
and pregnancy outcomes in the HDSS. For those matched
to pregnancy outcomes, we calculated the rates of stillbirth,
perinatal, and neonatal mortality by pregnancy registration
status, and for all pregnancies combined. Perinatal mortality
compromises stillbirths and deaths occurring within the first
week of life (i.e. early neonatal period). The denominators
for the rates of stillbirth and perinatal mortality were total
births. For neonatal mortality, deaths and exposure time were
aggregated for the first 28 days of life. The abridged life
table mortality rate was converted to the probability of dying
by exact age 28 days, known as q(28d). In some cases, a
pregnancy was reported to have resulted in a live birth, but
the child was not enumerated in the HDSS. The status of such
newborns was considered unknown, and they were excluded
from calculations of perinatal and neonatal mortality.
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For pregnancies observed in the ANC records that were
matched to HDSS pregnancy registrations, we assessed the
timing of registration relative to care seeking and gestational
age. Among those matched to a miscarriage or stillbirth in the
HDSS, we evaluated potential misclassification between the
two using a threshold of 28 weeks gestation, consistent with
the International Classification of Diseases 10 system [39].
HDSS pregnancy outcomes were also used to examine
uncertainty in ANC estimates of gestational age. We compared
the ANC clinic estimates of gestational age against that which
could be inferred from the date of the pregnancy outcome,
under the assumption that the pregnancy came to term at 40
weeks gestation.

Characteristics associated with missing pregnancies

For linked cases that were missing pregnancy outcomes
in the HDSS, we investigated whether the individual was
residing in the site for the data collection round immediately
following their EDD. We identified individuals that had out-
migrated, died, or been lost to follow-up prior to this data
collection round, and those whose households had not yet
been visited for data collection. These missing outcomes were
distinguished from cases where the individual continued to
reside in the site, and had no pregnancy outcome despite the
occurrence of a household interview following their EDD. This
was considered evidence of a potential unreported adverse
pregnancy outcome. We investigated the characteristics of
such individuals using Chi-squared tests and logistic regression.

Covariates of interest from the HDSS included age, area
of residence, duration of residency, education level, household
wealth, and marital status. We generated a household wealth
index from a principal component analysis of variables
denoting socio-economic status including type of toilet facility,
water supply source, and ownership of assets such as a radio,
television, and cooking stove [40]. From the clinical data, we
included information from the ANC register on total number of
ANC visits for the given pregnancy (taken from a pregnancy-
specific visit order number), gestational age at first visit, parity,
and HIV status. Variables strongly associated with having a
missing pregnancy outcome in Chi-squared tests were added
to multivariable logistic regression models. Variables were
removed from the model if they did not contribute significantly
to model fit, as measured by Akaike Information Criterion.
Age, household wealth quintile, number of ANC visits, and
parity were tested as both categorical and continuous variables.

Results

The ANC dataset consisted of 6,626 individuals who had
visited clinics since the start of record linkage in February 2018
to December 2020 (flowchart: Figure 1). There were 5,794
individuals that self-reported to reside in the HDSS area. From
this group, 3,173 were linked to their record in the HDSS
through PIRL, resulting in an overall match rate of 54.8%.
Matches were independently verified by three HDSS personnel
through manual review, and no false matches were identified.

The match rate was highest (1,162/1,867; 62.2%) for
individuals who were enrolled in the study between February
and December 2018. The match rate was 52.9% (1,497/2,830)

for those enrolled from January 2019 to March 2020. Linkage
activities were interrupted in the third week of March 2020
due to the COVID-19 pandemic. Once linkage was resumed
in September 2020, the match rate was 46.9% (514/1,097)
for those enrolled prior to December 2020. Women who were
younger, HIV-negative, in union, and had given birth to fewer
children were less likely to be matched to the HDSS. Those
residing in Gem were more likely to be matched than residents
of Asembo and Karemo. More details on the match rates
stratified by socio-demographic characteristics are provided in
Supplementary Table 1.

External validation of HDSS pregnancy
reporting

Among the individuals with linked HDSS-ANC records, there
were 2,475 pregnancies with EDDs prior to October 1, 2020,
attributed to 2,383 individuals. From this total, there were
1,141 (46.1%) pregnancies that were registered in the HDSS.
Among those that were registered, 1,089 (95.4%) also had
reported pregnancy outcomes. There were 1,334 (53.9%)
pregnancies that were not registered in the HDSS. In this
group, missing outcomes were more common (n = 216;
16.2%). In total, 268 pregnancies were missing outcome
reports in the HDSS.

For pregnancies with missing outcomes, we investigated
the residency status of the women in question in the HDSS
as of the first household interview following their EDD. In
29.9% (n = 80) of cases, the individual had out-migrated
from the HDSS area prior to the occurrence of a post-
delivery data collection round. There were two individuals
(0.01%) who died prior to the occurrence of a post-delivery
data collection round and 16 (6.0%) who were lost to
follow-up. For 29 (10.8%) cases, the individual’s household
had not been visited in a routine HDSS interview round
following their EDD. For the largest share (n = 141; 52.6%),
the individual was residing in the HDSS during the first
household interview following their EDD, and no outcome was
reported.

HDSS reporting for pregnancies observed in the ANC
clinics is shown in greater detail in Table 1. After excluding
cases where a woman’s missing pregnancy outcome was
attributable to out-migration, death, censoring, or the lack
of a subsequent household interview; the remaining missing
outcomes consisted of those identified as likely cases of
unreported adverse pregnancy outcomes. The share of such
outcomes was smaller for pregnancies that were registered in
the HDSS (n = 11; 1%) compared to those that were not
(n = 130; 10.4%), and made up 6% (n = 141) of the total
analytical sample.

Reporting of adverse pregnancy outcomes was more
common for pregnancies that had been registered in the
HDSS. There were three miscarriages and 14 stillbirths among
registered pregnancies. This yielded a stillbirth rate of 12.6 per
1,000 total births (95% confidence interval [CI] 6.3–18.9) and
perinatal mortality rate of 27.1 (95% CI 18.1–37.1). There was
one miscarriage and no reported stillbirths among pregnancies
lacking registration, which had a perinatal mortality rate of
14.0 (95% CI 7.9–21.0). Neonatal mortality for registered
pregnancies was 18.4 per 1,000 (95% CI 11.0–25.8), compared
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Figure 1: Flowchart of the sample included in the analysis

The flowchart displays the number of pregnancies observed in the antenatal care (ANC) clinics that had pregnancy registrations
and outcome reports in Siaya Health and Demographic Surveillance System (HDSS). For pregnancies that were missing outcomes
in the HDSS, information is provided on the status of the individual in question in the HDSS as of the first data collection round
that occurred following their expected delivery date (EDD).

to 20.2 (95% CI 12.3–29.2) for those that were not registered.
In both samples, close to three-quarters of neonatal deaths
took place in the first week of life.

For pregnancies in the ANC records that were registered in
the HDSS, Figure 2A displays the timing of registration relative
to the individual’s gestational age. The median gestational
age at pregnancy registration in the HDSS was 26.4 weeks,
and half of all pregnancy registrations took place between
20 and 33 weeks gestation. For 19 cases (1.7%), pregnancy
registration was estimated to have taken place at implausible
gestational ages, such as negative values or at more than 42
weeks gestation. These unrealistic values were indicative of
error in the ANC clinic estimates of gestational age. Figure 2B
shows the timing of pregnancy registration relative to the
individual’s first ANC clinic visit for the given pregnancy. There
were 446 pregnancies that were excluded from this assessment
due to the individual’s first ANC visit preceding the start of the
study or there being missing data for ANC visit number. For
the remaining 695 cases, 76.7% (n = 533) received ANC prior

to registering the pregnancy in the HDSS. Close to 62.2%
(n = 432) of pregnancy registrations took place in the 16
weeks following the first ANC visit, and 14.5% (n = 101)
were registered more than 16 weeks later.

Figure 3 shows the results of the investigation into
misclassification of miscarriages and stillbirths in the
HDSS. Among the reported stillbirths, 92.9% (n = 13)
had gestational ages of >28 weeks, indicating accurate
classification. There were fewer reported miscarriages (n = 4),
though only half occurred prior to 28 weeks gestation. The
other two reported miscarriages appear to have been stillbirths
that were incorrectly classified.

Gestational age in the ANC records tended to correspond
fairly well with reported dates of HDSS pregnancy outcomes.
In Figure 4A, we compared gestational ages recorded in the
ANC data to that which could be inferred from pregnancy
end dates in the HDSS. For the first ANC visit for a given
pregnancy, the median ANC estimate for gestational age was
1.9 weeks lower than inferred gestational age (interquartile
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Table 1: Distribution of HDSS pregnancy reporting for women with linked ANC records

Pregnancy registration
Yes No All

n (%) n (%) n (%)

Pregnancy outcome reporting
Missing - potential adverse outcome 11 (1.0) 130 (10.4) 141 (6.0)
Reported 1,089 (99.0) 1,118 (89.6) 2,207 (94.0)
Total 1,100 (100.0) 1,248 (100.0) 2,348 (100.0)

Pregnancy outcomes
Live birth 1,097a (98.4) 1,144b (99.9) 2,241 (99.2)
Miscarriage 3 (0.3) 1 (0.1) 4 (0.2)
Stillbirth 14c (1.3) 0 (0.0) 14 (0.6)
Total 1,114 (100.0) 1,145 (100.0) 2,259 (100.0)

Neonate status
Early neonatal death 16 (1.5) 16 (1.4) 32 (1.4)
Late neonatal death 4 (0.4) 7 (0.6) 11 (0.5)
Unknown 9 (0.8) 12 (1.0) 21 (0.9)
Survived 1,068 (97.4) 1,109 (96.9) 2,177 (97.1)
Total 1,097 (100.0) 1,144 (100.0) 2,241 (100.0)

Mortality estimates Est. (95% CI) Est. (95% CI) Est. (95% CI)
Stillbirth rate 12.6 (6.3, 18.9) 0.0 (0.0, 0.0) 6.2 (3.1, 9.8)
Perinatal mortality rate 27.1 (18.1, 37.1) 14.0 (7.9, 21.0) 20.4 (14.7, 26.2)
q(28d) 18.4 (11.0, 25.8) 20.2 (12.3, 29.2) 19.3 (13.9, 25.2)

Notes: Bootstrap 95% confidence intervals (CI) calculated from 10,000 samples with replacement. Stillbirth and perinatal mortality
rates shown per 1,000 births, q(28d) shown per 1,000 live births.
aIncludes 49 multiple births.
bIncludes 52 multiple births.
cIncludes 1 multiple birth.

range [IQR]= 5.3). This decreased to a median difference of
1.6 (IQR= 4.1) for the fifth ANC visit, and 0.3 (IQR= 2.6)
for the eighth visit (n = 25 pregnancies). In Figure 4B, the
ANC record gestational age was plotted against the number
of weeks to the HDSS pregnancy end date. A linear regression
was fit to the data, showing that with each real increase of
one week, the recorded gestational age in the ANC register
increased by an average of approximately 0.85 weeks (95% CI
0.83–0.85).

Characteristics associated with missing
pregnancies

Table 2 presents descriptive statistics for women without
a recorded pregnancy outcome in the HDSS, despite their
continued residence during a household interview occurring
after their EDD. The variables for number of ANC clinic visits,
age, and parity were strongly associated with having a missing
pregnancy outcome. Underreporting was more common among
those making a single as opposed to multiple ANC visits.
Women who were in the youngest and oldest age groups also
had proportionately more missing outcomes than those aged
20–34 years. Women who had no previous births were more
likely to have missing outcomes, as well as those for whom
parity was not known.

The variables of gestational age at first ANC visit,
HIV status, and household wealth had moderate to weak

associations with HDSS pregnancy outcome reporting. Those
making their first ANC visit during the first trimester were
more likely to be missing pregnancy outcomes in the HDSS.
The same was true for women who were HIV-positive or
of unknown status. Women belonging to households in the
top three wealth quintiles had a higher proportion of missing
pregnancy outcome reports than those in the bottom quintiles,
though there was not a clear pattern across quintiles. Duration
of residency in the HDSS, education, and region of residency
within the HDSS were not significantly associated with having
a missing pregnancy outcome.

Characteristics associated with HDSS pregnancy outcome
reporting were investigated further using logistic regression.
The results of the full (1) and final (2) models are shown in
Table 3. Controlling for all other variables in the full model,
age was not significantly associated with having a missing
pregnancy outcome, and was excluded from the final model. In
the case of parity, women with an unknown number of previous
births had 5.82 (95% CI 1.84–17.37) times the odds of HDSS
pregnancy outcome underreporting compared to those with
one previous birth. There were not significant differences in
the odds of pregnancy outcome reporting for individuals of
known parity, and this variable was also left out of the final
model.

In the final model, a one visit increase in an individual’s
total number of ANC visits for a given pregnancy was
associated with 30% lower odds of pregnancy outcome
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Figure 2: Timing of pregnancy registration in HDSS relative to gestational age and seeking antenatal care (ANC)

(A) Histogram of gestational age at the time of HDSS pregnancy registration (n = 1,141). Gestational age was calculated from
the ANC register using the value from the individual’s latest recorded ANC clinic visit. (B) Histogram of number of weeks between
HDSS pregnancy registration and the individual’s first ANC clinic visit for the pregnancy. Pregnancies where the first ANC visit
preceded the start of PIRL or those missing information for visit number were excluded (n = 446). Negative values indicate that
the pregnancy was registered in the HDSS prior to the individual’s first ANC clinic visit (represented by the vertical dashed line),
while positive values show the reverse.

Figure 3: Gestational age for adverse pregnancy outcomes reported in the Health and Demographic Surveillance System (HDSS)

Gestational age at the date of the pregnancy outcome was calculated from the latest recorded value in the ANC data. ANC-
estimated gestational age has been plotted separately for pregnancies reported as miscarriages and stillbirths in the HDSS. The
horizontal dashed line indicates the 28 week gestational age threshold used to distinguish between miscarriage and stillbirth.

underreporting (odds ratio [OR] 0.70, 95% CI 0.60–0.80).
Additionally, women making their first ANC visit during the
first trimester had 2.64 (95% CI 1.52–4.51) times the odds of
pregnancy outcome underreporting compared to those making

their first visit in the second trimester. Those testing HIV-
positive during an ANC clinic visit had 86% higher odds of
having a missing pregnancy outcome in the HDSS compared to
those that tested HIV-negative (OR 1.86, 95% CI 1.22–2.78).
Compared to those in the median household wealth quintile,
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Figure 4: Comparison of gestational age fromantenatal care (ANC) register and gestational age inferred from the pregnancy end
date in the Health and Demographic Surveillance System (HDSS)

(A) Difference between the gestational age recorded in ANC records and the gestational age inferred from the pregnancy end date
(assuming a 40 week pregnancy) by ANC visit number. The horizontal dashed line denotes absolute agreement between ANC-
estimated gestational age and the gestational age inferred from the HDSS pregnancy end date. Pregnancies missing outcomes or
those missing visit numbers were excluded (n = 354). (B) Comparison between gestational age from ANC register and weeks to
pregnancy end date in HDSS. The pregnancy end date is represented by the vertical dashed line. The orange line has been plotted
from a linear regression of weeks to pregnancy outcome in the HDSS on ANC-estimated gestational age.

the odds of having a missing pregnancy outcome were 79%
lower for women in the fourth quintile (OR 0.21, 95% CI 0.05–
0.73). In the first model, the odds of pregnancy underreporting
were 54% higher for unmarried women compared to those in
formal union (OR 1.54, 95% CI 0.91–2.60). This increased to
an odds ratio of 2.10 (95% CI 1.45–3.04) in the final model.

Discussion

In this work, we compared individually-linked ANC clinic data
with records of pregnancies and their outcomes in Siaya HDSS.
HDSS are often set up in regions where availability of other
population health data is limited [16] and this offered a
unique opportunity to externally validate HDSS pregnancy
reporting completeness, identify predictors of underreporting,
and examine potential bias in the reporting of adverse
outcomes. Linkage with ANC is a particularly high value
extension of HDSS data, given the almost universal coverage
of ANC services in many parts of sub-Saharan Africa. It has
been estimated that close to 90% of women in sub-Saharan
Africa and 94% in Siaya HDSS receive ANC at least once
during pregnancy [23, 41].

Of the 2,475 pregnancies observed in ANC records that
were included in the analysis, there were 268 that did not
have a corresponding pregnancy outcome report in Siaya
HDSS. Close to 36% of these missing outcome reports were
attributable to the individual exiting the study area or being
lost to follow-up prior to the next HDSS data collection
round. A household interview had not yet taken place in
another 11% of cases. The remaining 53% did not have

a corresponding pregnancy outcome report in the HDSS,
despite the occurrence of a household interview following their
expected delivery. This subset of missing outcomes is cause for
concern, as such underreporting is more likely when an adverse
pregnancy outcome or early death has occurred.

It is worth noting that outcomes which were not reported
at the first interview following delivery could still be reported
in later data collection rounds. However, delayed reports are
only likely for pregnancies that were registered or resulted in
a live birth. In the case of the former, the HDSS fieldworker
will be prompted to inquire about the status of the pregnancy
until an outcome is recorded or the individual is no longer
resident in the study site. Alternatively, in the case of a live
birth, the presence of a new child in the household helps to
ensure that the birth is recorded when the child is enumerated
in the HDSS. Otherwise, the likelihood that adverse
outcomes are reported diminishes with time, amplifying the
downward bias in measurements of perinatal and neonatal
mortality.

Our results suggest that pregnancy registration can
improve ascertainment of adverse outcomes that are otherwise
vulnerable to underreporting. The observed rate of stillbirths
for pregnancies that were registered in the HDSS was 12.6
(95% CI 6.3–18.9), while zero stillbirths were reported among
those lacking pregnancy registration. The observed neonatal
mortality for registered and unregistered pregnancies was
similar, though significant differences in neonatal mortality
by pregnancy registration status have been found in other
research [18, 20]. If such differences were attributable to
differential usage of ANC services, this could explain the lack of
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Table 2: Characteristics of linked women that were missing pregnancy outcome reports in the HDSS

Missing pregnancy outcomes
Variable Value n (%) p-value

ANC clinic visits 1 57 (17.2)
2 27 (6.1)

<0.013 22 (4.4)
4+ 35 (3.3)

Age 10–19 34 (9.4)
20–24 36 (6.6)
25–29 25 (4.6) 0.01
30–34 20 (4.0)
35+ 26 (6.4)

Duration of residency in HDSS <2 years 27 (6.7) 0.592+ years 114 (5.9)

Education None 1 (5.3)
Primary 102 (6.0) 0.99Secondary/Higher 37 (5.9)
Unknown 1 (11.1)

Gestational age at 1st ANC visit 1st trimester 24 (10.3)
2nd trimester 44 (4.9)

<0.013rd trimester 18 (5.7)
Unknown 55 (6.1)

HDSS region Asembo 11 (6.2)
Gem 126 (6.0) 0.98

Karemo 4 (5.6)

HIV status Negative 100 (5.4)
Positive 36 (8.1) 0.04
Unknown 5 (13.2)

Household wealth quintile 1 21 (6.1)
2 17 (11.1)
3 10 (8.7) 0.024 3 (2.2)
5 6 (4.4)

Unknown 84 (5.7)

Marital status In union 83 (4.7)
<0.01Not in union 58 (9.8)

Parity 0 46 (8.7)
1 22 (6.1)

<0.012+ 66 (4.6)
Unknown 7 (35.0)

Total 141 (6.0)

Notes: Table provides row percentages, denoting the share of pregnancies observed in the ANC records that were missing outcomes
in the HDSS out of the total number that were assessed for reporting. P-values display the results of Chi-squared tests of
independence. Tests were performed on complete case data, with “Unknown” values excluded.

significant difference in our own analysis, where the sample was
entirely composed of pregnancies for which the mother had
accessed ANC. It is also possible that the lack of a significant
difference in neonatal mortality in this work was related to the
relatively small number of observations.

We found that women who began ANC in the first
trimester and had fewer visits overall were more likely to

be missing pregnancy outcomes in the HDSS. It is possible
that some of these pregnancies were not carried to full
term, and such women made fewer ANC visits as a result.
This proposition is further supported by the finding that
women who were unmarried and HIV-positive were more likely
to have missing pregnancy outcomes. In both cases, these
characteristics are independently associated with elevated risk
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Table 3: Logistic regression results for having a missing pregnancy outcome in the HDSS

Dependent variable: Missing pregnancy outcome
(1) (2)Variable

OR (95% CI) OR (95% CI)

Age 10–19 1.26 (0.72, 2.24)
20–24 1
25–29 0.93 (0.50, 1.71)
30–34 0.79 (0.39, 1.57)
35+ 1.11 (0.57, 2.20)

ANC clinic visits 0.71 (0.62, 0.82) 0.70 (0.60, 0.80)

Gestational age at 1st ANC visit 1st trimester 2.70 (1.55, 4.62) 2.64 (1.52, 4.51)
2nd trimester 1 1
3rd trimester 0.89 (0.49, 1.57) 0.87 (0.48, 1.53)

Unknown 0.85 (0.55, 1.32) 0.94 (0.61, 1.45)

HIV status Negative 1 1
Positive 1.89 (1.20, 2.94) 1.86 (1.22, 2.78)
Unknown 2.39 (0.78, 6.00) 2.19 (0.72, 5.45)

Household wealth quintile 1 0.60 (0.27, 1.40) 0.58 (0.27, 1.35)
2 1.27 (0.55, 3.08) 1.18 (0.51, 2.83)
3 1 1
4 0.22 (0.05, 0.75) 0.21 (0.05, 0.73)
5 0.48 (0.16, 1.37) 0.47 (0.15, 1.35)

Unknown 0.67 (0.34, 1.46) 0.66 (0.34, 1.41)

Marital status In union 1 1
Not in union 1.54 (0.91, 2.60) 2.10 (1.45, 3.04)

Parity 0 1.08 (0.56, 2.11)
1 1

2+ 0.83 (0.46, 1.55)
Unknown 5.82 (1.84, 17.37)

Observations 2,348 2,348
Log Likelihood −487.66 −495.23
Akaike Inf. Criterion 1,015.32 1,016.46

Notes: Sample only includes individuals with missing outcomes who were resident in the HDSS for the first household interview
following their EDD. ANC – antenatal care, OR – odds ratio, CI – confidence interval.

of perinatal mortality [42, 43], as well as under-5 mortality [44–
46]. However, it could also be the case that women with fewer
clinic visits out-migrated from the study area midway through
pregnancy, and were thus also less likely to have reported
pregnancy outcomes. While our evaluation was restricted to
women who were resident in the HDSS during their ANC usage
and for the first household interview following their EDD, some
absences from the study area may not have been accurately
reflected in HDSS records.

Tracking frequent in- and out-migrations that vary in their
destination and duration is a complex task in HDSS [16].
Pregnancy and the postpartum period can be a time of
increased mobility, when women often travel to seek medical
care or the support of family members [47–49]. If such
migrations were not captured by the HDSS, it may have
appeared some individuals were present in the site for the
data collection round following their delivery when they were
in fact not. As this relates to our results, it is possible that the

share of missing pregnancy outcomes attributable to migration
was larger than observed, and the share that were unreported
adverse outcomes was smaller.

Nevertheless, our results are consistent with previous
findings of downward bias in HDSS estimates of early
mortality. The tendency for deaths occurring soon after birth
to be under-counted in population-based surveillance data
was noted as early as the 1950s and 60s [50, 51]. More
recently, rates of neonatal mortality in African HDSS have
been found to be lower than corresponding estimates from
retrospective household surveys such as DHS and MICS [19,
52]. Additionally, while both sources exhibit higher levels of
child mortality (deaths between one and four years) than
found in the historic record of high-quality data, HDSS are
alone in their downward deviation at early ages [53]. Reliably
monitoring pregnancy outcomes and early mortality has been
identified as one of the most serious challenges faced by
HDSS [16].
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The magnitude of downward bias in HDSS estimates of
adverse pregnancy outcomes and early mortality ultimately
depends on the rate of such events among missing pregnancy
outcomes, which cannot be determined without additional
data collection. This is an area in which record linkage
with ANC data could be very useful. Leveraging information
on ANC usage to organize follow-up interviews with those
who are missing pregnancy outcome reports is an important
avenue for future research. Such work has been piloted using
record-linked ANC data in HDSS in The Gambia, where it
identified elevated rates of perinatal and neonatal mortality
among pregnancies that were missing outcome reports in the
HDSS [21].

Ongoing record linkage between HDSS and ANC clinics
could allow for earlier pregnancy detection and more accurate
outcome reporting. We found that individuals in Siaya HDSS
had visited an ANC clinic prior to registering pregnancies
in the site in approximately 77% of cases. Additionally,
ANC clinic information on gestational age indicated that
half of reported miscarriages were potentially misclassified
stillbirths. However, it is worth noting that the assessment
of misclassification between miscarriage and stillbirth in the
HDSS relied on the accurate estimation of gestational age
at the ANC clinics. Given the uncertainty of estimating
gestational age through fundal height palpitation and
reported LMP [54], it is important to interpret these results
cautiously.

This study is subject to a few important limitations.
First, it would be beneficial to conduct follow-up data
collection on pregnancies that were observed in the ANC but
missing outcome reports in the HDSS. This analysis identified
pregnancies that were likely to have ended in adverse outcomes
given that they were not reported in a data collection round
occurring after the EDD. This shed light on the potential for
bias in HDSS estimates of adverse pregnancy outcomes and
early mortality, however, additional information is needed in
order to provide a more precise estimate of its magnitude. It
is also important to acknowledge that close to 45% of women
seeking ANC who self-reported residence in the HDSS were not
successfully linked to their record. While some characteristics
associated with lower HDSS-ANC match rates were also
associated with having a missing pregnancy outcome in the
regression analysis (e.g. being younger, seeking ANC services
in the first trimester), others were positively associated with
pregnancy outcome reporting (e.g. being HIV negative, in
union). It is thus unclear how an improvement in linkage rates
would affect the proportion of pregnancy outcomes missing
from HDSS records.

Conclusion

HDSS are valuable sources of empirical demographic and
epidemiological data for much of sub-Saharan Africa where
current systems of CRVS and HMIS are deficient. However,
HDSS data on pregnancies, pregnancy outcomes and neonatal
mortality is often incomplete. This research demonstrates
the potential of using record linkage with ANC clinics to
evaluate pregnancy reporting completeness in HDSS and
investigate bias in estimates of adverse pregnancy outcomes
and early mortality. Record linkage between HDSS and

routine programme data is an efficient manner of augmenting
population health information in sub-Saharan Africa, and
addressing the lack of good quality data on pregnancy and
early mortality. Such efforts have the potential to both improve
our understanding of population health and our ability to
accurately measure it.
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Supplementary Table 1: Characteristics of individuals visiting antenatal care (ANC) clinics that were linked to Siaya Health and
Demographic Surveillance System (HDSS)

Linkage with HDSS
Variable Value n (%)

Age 10–19 538 (51.2)
20–24 874 (44.9)
25–29 730 (56.6)
30–34 595 (64.5)
35+ 436 (74.3)

Date of enrolment February–December 2018 1,162 (62.2)
January 2019–March 2020 1,497 (52.9)
September–December 2020 514 (46.9)

Gestational age at 1st ANC visit 1st trimester 390 (49.4)
2nd trimester 1,535 (55.4)
3rd trimester 1,060 (56.3)

Unknown 188 (53.4)

HIV status Negative 2,568 (53.6)
Positive 605 (60.7)

HDSS region Asembo 365 (48.0)
Gem 2,693 (56.2)

Karemo 15 (48.5)

Marital status In union 2,247 (53.3)
Not in union 924 (58.7)

Unknown 2 (66.7)

Parity 0 799 (46.8)
1 534 (39.6)

2+ 1,806 (68.2)
Unknown 34 (38.2)

Total 3,173 (54.8)
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