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Abstract

Background: In conflict-affected settings, data on reproductive, maternal, newborn and child health (RMNCH) are
often lacking for priority setting and timely decision-making. We aimed to describe the levels and trends in RMNCH
indicators within Kivu provinces between 2015 and 2018, by linking conflict data with health facility (HF) data from
the District Health Information System 2 (DHIS2).

Methods: We used data from the DHIS2 for the period 2015–2018, the 2014 Demographic and Health Survey, the
2018 Multiple Indicators Cluster Survey and the Uppsala Conflict Data Program. Health zones were categorised in low,
moderate and high conflict intensity level, based on an annual conflict death rate. We additionally defined a monthly
conflict death rate and a conflict event-days rate as measures of conflict intensity and insecurity. Outcomes were
completion of four antenatal care visits, health facility deliveries, caesarean sections and pentavalent vaccine coverage.
We assessed data quality and analyzed coverage and trends in RMNCH indicators graphically, by conflict categories
and using HF data aggregated annually. We used a series of fixed-effect regression models to examine the potential
dose-response effect of varying conflict intensity and insecurity on RMNCH.

Results: The overall HF reporting was good, ranging between 83.3 and 93.2% and tending to be lower in health zones
with high conflict intensity in 2016 and 2017 before converging in 2018. Despite the increasing number of conflict-
affected health zones over time, more in North-Kivu than in South-Kivu, we could not identify any clear pattern of
variation in RMNCH coverage both by conflict intensity and insecurity. North-Kivu province had consistently reported
better RMNCH indicators than South-Kivu, despite being more affected by conflict. The Kivu as a whole recorded
higher coverage than the national level. Coverage of RMNCH services calculated from HF data was consistent with
population-based surveys, despite year-to-year fluctuation among health zones and across conflict-intensity categories.
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Conclusions: Although good in general, the HF reporting rate in the Kivu was negatively impacted by conflict
intensity especially at the beginning of the DHIS2’s rolling-up. Routine HF data appeared useful for assessing and
monitoring trends in RMNCH service coverage, including in areas with high-intensity conflict.
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Background
Akin to many remote and conflict-affected settings,
empirical data on reproductive, maternal, newborn and
child health (RMNCH) are often lacking for priority
setting, timely decision-making and resource allocation
in the Kivu provinces in the Democratic Republic of the
Congo (DRC). Limited access to affected areas as well as
insufficient human, technical and financial resources for
health information systems at district or operational
level lead to high variability in terms of coverage,
functionality and quality of collected data. Nationally
representative surveys such as Demographic and Health
surveys (DHS) or Multiple Indicator Cluster Surveys
(MICS) are key to document long-term trends in health
indicators in low- and middle-income countries. Recent
analyses of household surveys confirmed the destructive
effects of armed conflicts on women’s and children’s
health [1–3]. However, the design of these surveys gen-
erally does not allow for disaggregation beyond the pro-
vincial or regional level or for short-term trend analysis
of RMNCH interventions coverage. This would be par-
ticularly important in humanitarian emergencies where
the situation evolves rapidly.
The health system in DRC has been weakened by de-

cades of protracted socio-political turmoil and conflict
(Panel). The DRC generally performs poorly on RMNC
H indicators with maternal mortality ratio and under
five mortality rate estimated in 2017 at 473 per 100,000
[4] and 88 per 1000 live births in 2018 respectively [5].
Over half of children under 5 years of age are stunted in
the Kivu [6]. The universal health coverage index in
DRC was 40% in 2015, far below the global median
(65%) in the WHO member states [7]. Some reports
have suggested mitigated effects of conflict on maternal
and child health indicators in eastern DRC provinces [2, 8]
where the health system is claimed to be the best funded of
the country, owing substantially to humanitarian aid [9].
But, generally, attempts to assess the impact of conflict on
RMNCH coverage indicators in these provinces have been
hampered by lack of data.
The quest for context-sensitive data sources in conflict

settings has justified the exploration of various alternatives
(from small scale surveys, community-based surveillance,
to Early Warning, Alert and Response System), with
variable results [10–15]. Strengthening health facility data
management at health zone (HZ) or district level is likely

one of the more sustainable strategies to ensure widespread
coverage and needed granularity of information [16]. Well
characterised health facility data are likely to provide crucial
disaggregated and potentially timely information for pro-
gram planning and resource allocation at small geograph-
ical level in conflict settings that complement nationwide
population-based surveys conducted on average every 5
years [17, 18]. However, concerns so far have been raised
about data completeness and accuracy as well as the
difficulties of calculating population denominators.
Reaching all women and children with RMNCH

interventions is central in the health Sustainable Develop-
ment Goals. Innovative approaches to measuring progress
in RMNCH are needed to document whether and why
vulnerable people in conflict-affected settings are being
left behind [19–22]. This study aimed to describe the
levels and trends in RMNCH indicators by health zone
within Kivu provinces between 2015 and 2018, by linking
conflict data with health facility data from the District
Health Information System 2 (DHIS2).

Panel: protracted conflict and health system structure in DRC

Eastern DRC has been plagued by decades of socio-political instability
and insecurity, despite the official end of the war in December 2002
with the Pretoria agreement [23]. North and South Kivu provinces
stretch over 114,274 km2 sharing borders with Burundi, Rwanda and
Uganda. These natural resource-rich provinces have been characterized
by conflicts over land, power and ethnicity since the pre-colonial epoch
[24, 25]. Fourteen years after 2006 first DRC presidential election [26],
more than 140 armed groups are operating in the Kivu provinces [27],
many of them fighting for control over natural resources sold largely to
the international community [28]. The Kivu was home to about 16.03
million inhabitants in 2018 of which 8.93 (55.7%) were in North Kivu,
according to population estimates used by the ministry of health and
available in the DHIS2. There were 5.01 million internally displaced
persons recorded between January 2018 and December 2019, of with
20.1% (about million) located in North Kivu and 17% (847.5 thousands)
in South Kivu. Over half (50.9%) of IDPs were women and 57.9% were
children [29]. There are IDPs settlements in the Kivu [30], but information
on their number and size is sparse.
The Uppsala Conflict Data Program (UCDP) [31, 32] has investigated the
DRC conflict since 1989 and has documented 112,220 direct conflict
fatalities for the period 1989-2018, 60% of which occurred in the Kivu.
An analysis of the Kivu Security tracker reports (https://kivusecurity.org/
reports) between October 2017 and December 2019 recounts a monthly
average of 84 violent deaths, 50 clashes between belligerents and 122
abductions and kidnappings in the Kivu. Some bursts of killings of
civilians by the Ugandan Allied Democratic Forces–NALU in Beni (North
Kivu) have been associated with Islamist claims [33], further complicat-
ing the conflict puzzle. In general, North Kivu has experienced higher
conflict intensity than South Kivu, however variation in terms of conflict
events and deaths is high across health zones. Frequent eruptions of
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Panel: protracted conflict and health system structure in
DRC (Continued)

ethnic violence have worsened the already dire crisis in a country that
had over 4.5 million internally displaced persons, the second highest
number after Syria (as of end of 2018) [34].
In DRC, the health system structure comprises two operational levels
within provinces. The primary healthcare services are organised around
health centres providing the minimum service package. This includes
family planning, antenatal- and postnatal care, obstetric care (for normal
deliveries), newborn care, child vaccination, integrated management of
childhood illness, and treatment of severe acute malnutrition. The
second level is centred around HZ hospitals offering a complementary
package that covers internal medicine, hospitalisation, surgical and
reference services, in addition to technical support to health centres
through integrated supervision [35]. As of 2017, there are 68 health
zones in the Kivu (34 in each province). There are 2079 health facilities
in the Kivu, of which 50% are public, 37% are owned by faith-based or-
ganisations, and 13.4% are private.

Methods
Data sources
As in many low and middle-income countries, routine
health facility data are recorded on paper, compiled
through the web-based District Health Information
System 2 (DHIS2) at the health zone level and uploaded
to the provincial health division headquarters on a
monthly basis [36]. The DHIS2 was first introduced in
DRC in 2012 and scaled up to South-Kivu and North-
Kivu provinces as of 2015. The DHIS2 is used by all
public, and the majority faith-based and private health
facilities in the Kivu.
This study used monthly health facility data available

via the DHIS2, disaggregated at health zone level and
covering the period January 2015 to December 2018. We
also used publicly available reports of the 2014 DHS [37]
and 2018 MICS [38] to ascertain the levels and trends in
RMNCH indicators at the provincial and national levels.
One of the 32 clusters targeted in North-Kivu in the
2014 DHS was not accessible due to insecurity. Similarly,
one of the 27 clusters targeted in the 2018 MICS was
not visited. All clusters in South-Kivu were accessible.
Within the visited clusters response rates were high.
Therefore, the effect of non-response due to insecurity
on the survey results is likely to be small.
Conflict data were retrieved from the Uppsala

Conflict Data Program Georeferenced Event Dataset
(UCDP GED) [31] for the period 2015–2018. UCDP
GED provides publicly available data on conflict
events, deaths, actors, dates and locations. Data related
to organized violence across Africa are georeferenced
since 1989. The use of the UCDP data in conflict
epidemiology has intensified over the last decade,
because of their higher quality and reliability compared
to other conflict data sources, particularly when the
focus is on subnational level analysis of conflict [31,
39]. Health zones shape files were obtained from the

United Nations Office for Coordination of
Humanitarian Affairs (UNOCHA) [40].

Data process
We followed a step-wise approach to assessing health
facility data quality as recommended by the World
Health Organization [41, 42] and applied the method
for computation of coverage indicators using health fa-
cility data used by Maina and colleagues in Kenya [41].
This comprises an analysis of four data quality dimen-
sions: completeness of reporting, internal consistency
over time, external consistency with related indicators
and external comparison with population data. A full
assessment of the data quality metrics is presented in
the additional file. Here, we present only results on
reporting completeness which we deemed the most re-
liable dimension as less affected by service disruption
due to conflict. Reporting completeness is defined as
the percentage of expected reports from health facil-
ities that have been actually received at provincial
level. Before calculating the coverage of RMNCH ser-
vices, we checked and corrected extremely implausible
reported numbers and adjusted for incomplete report-
ing by health facilities.
We calculated modified Z-score, as proposed by

WHO, to identify extremely implausible reported annual
values for the selected indicators [43]. The modified Z is
an approximation of the difference of a score from the
median value and was calculated as:

Mi ¼ 0:6745� xi − x�ð Þ
MAD

ð1Þ

where: xi denotes the value of the observation for a
particular year, x ~ is the median of the series (48
months, from January 2015 to December 2018), and
MAD is the median absolute deviation (MAD =median
(|xi - x ~ |).1

We considered a modified Z greater than five as
indicative of a potential extreme outlier [43]. Given that,
in conflict settings, the provision of RMNCH health
services may significantly fluctuate as a result of conflict,
making the correction of outliers tricky. Our correction
strategy was therefore conservative. An extreme outlier
(modified Z > 5) was deemed implausible and corrected
if the reported number was 3 times greater than the
expected value. Details about the estimation of the
expected numbers are presented in the Additional file.

10.6745 is the 0.75th quantile of the standard normal distribution. It is
used as a constant in this formula to balance out the tendency of
MAD to converge to the median of the half normal distribution for
large N, which is the 75% percentile of a normal distribution and for
which N (0.75) ~ 0.6745.
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The adjustment for incomplete reporting was guided
by the assumptions about volume of services provided
by the non-reporting facilities. Each service coverage was
calculated at health zone level by adjusting the numera-
tors as follows:

n adjustedð Þ ¼ nþ n
1
c
− 1

� �
�k ð2Þ

where n is the number of service outputs as per DHIS2;
c is the reporting completeness, k is the adjustment
factor varying between 0 and 1 depending on the
assumption made on the level of service provision in
non-reporting heath facilities compared to reporting
health facilities [41]. We considered that in conflict-
affected settings, no reporting could be reflective of un-
availability of service. We therefore selected a small
value of k (0.25), assuming some level of service delivery
in non-reporting health facilities, but much lower than
in reporting health facilities. We conducted sensitivity
analyses with k values of 0 and 1, assuming no service
provision in non-reporting health facilities or service
provision to the same level as reporting health facilities,
respectively (Additional file). The adjustment for report-
ing incompleteness was used for the analysis based on
annually aggregated data because information about
reporting rate was not accessible for monthly disaggre-
gated data.
The latest population census in DRC dates back to

1984, making it challenging to define accurate target
populations for health interventions. We obtained the
total population estimates for HZ from the DHIS2. The
DRC Ministry of Health (MoH) updates its population
estimates by applying a population growth rate of 3%.
On occasion, local population counts are conducted at
HZ or lower level for specific health programs. For
example, the South-Kivu MoH carried out a population
count in 2014 prior to a mosquito nets distribution
campaign. However, such population counts are often
subject to under- or over-reporting biases [44].
We derived specific target populations from the first

antenatal care (ANC) visit which had a near-universal
coverage in the Kivu according to the 2018 DRC MICS
[38]. The number of pregnancies was obtained by adding
to the reported ANC number in the DHSI2 2.5 and 6.5%
of pregnant women not attending even one ANC visit in
North-Kivu and South-Kivu respectively [6]. We sub-
tracted the proportion of pregnancies ending in early
foetal death (here defined as before the first ANC visit,
5%) to obtain the number of deliveries. We added 2% of
multiple pregnancies to obtain the number of births
[45]. For live births, we subtracted the proportion of
stillbirths (2%) [46]. For the number of infants targeted
for immunisation, we subtracted the proportion of

newborns who died in the first month of life (2.8%) from
the number of live births [47].

Definition of the conflict exposure variable
In conflict epidemiology, there is no one-size-fits-all def-
inition of exposure to conflict and different authors have
used various definitions depending on context, study de-
sign and objectives [1, 2, 48–50]. We considered armed
conflict from two angles: conflict events and deaths, in
order to capture both the direct impact of armed conflict
on populations (deaths) as well as the instability caused
by recurrent conflict events (independently of direct
fatalities) at the health zone level. We created three
variables. An annual conflict death rate at HZ level was
defined as the annual cumulative number of conflict-
related fatalities divided by the population estimate for
the same year. As no standard threshold exists, we
considered the distribution of deaths and classified the
conflict intensity in HZ as low, moderate and high based
on an annual death rate below 1, between 1 and 4.9, and
above 5 per 100,000 inhabitants respectively. We
explored other possibilities for classifying HZ in terms of
conflict intensity (Additional file). However, the classifi-
cation based on annual conflict death rate appeared to
echo better the perceived situation on the ground.
As the annual conflict death rate may fail to capture

variation in conflict events over a shorter time frame, we
developed two additional conflict measures using
monthly data. A monthly conflict death rate at HZ level
was calculated as the cumulative number of deaths in
each month and HZ per 100,000 population. We also
approximated a monthly insecurity rate at HZ level by a
conflict event-days rate per 100,000 population. This
was calculated as the cumulative number of days from
events that occurred during a given month and in each
health zone and normalized for its population. In the
situation where a conflict event spans over 2 months or
more, the number of days occurring in a specific month
are taking into account for that month.

Using the monthly health facility data to examine the
impact of armed conflict on RMNCH service
Our analysis of the impact of conflict on RMNCH
focused on key service indicators along the RMNCH
continuum: completion of four antenatal care visits
(ANC4), health facility deliveries, health facility
caesarean sections (CS), and third dose of the
pentavalent vaccine. Indicators definitions are presented
in the Additional file. We assessed the level and
consistency of the coverage estimates based on the
annual data from the DHIS2 with the health surveys,
particularly the MICS 2018, for North-Kivu and South-
Kivu. Since the surveys collect retrospective data we
time located the RMNCH coverage estimates from the
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MICS 2018 in 2017 (as MICS provides two-year rates)
and the DHS 2014 in 2012 (as DHS generally provides 5
year rates for MNH indicators, except for immunisation
data that corrects children aged 12–23 months in the
year before the survey). We then conducted descriptive
analysis of the levels and trends in RMNCH coverage in-
dicators graphically, stratified by the levels of the annual
conflict death rates and using health facility data aggre-
gated annually.
Next, we examined the relationship between conflict

intensity and insecurity, and RMNCH service provision
indicators using monthly data. We carried out graphical
and statistical analyses of the difference between
reported and expected numbers of RMNCH indicators if
there was no conflict in a certain health zone. We first
calculated the average value of the health indicators for
all the non-conflict months. We considered this average
as the expected value for the middle month of the entire
time series (that is, January 2017). We computed a
monthly growth rate as one-twelfth of 3% of the
reported number, assuming a 3% annual increase. The
growth rate was then added to and subtracted from the
expected central value to estimate expected number for
the next and previous months, respectively. The same
process was repeated for each of the four indicators. We
used both reported and expected numbers to calculate
the reported and expected rates respectively.
We graphically examined the difference between

reported numbers during severe conflict and mild or
non-conflict months relative to the estimated expected
numbers if there was no conflict (Additional file). We

then used a series of fixed-effect regression models with
robust standard errors to further examine the effect of
conflict on RMNCH. The outcome was the difference
between reported and expected rates of the indicator.
We examined the dose-response effect of varying levels
of conflict intensity and insecurity on RMNCH. We
successively run three regression models with binary
conflict intensity and insecurity variables defined by
monthly fatality rate at least equal to 5, 10 and 15 deaths
per 100,000; and an event-day rate at least equal to 1, 5
and 15 conflict events per 100,000 population respect-
ively. Fixed-effect models were chosen to control for all
the unmeasured time-invariant differences between the
health zones like local socio-cultural norms, religion,
gender inequality, maternal literacy, ethnicity, socio-
economic development and rurality.
Two series of regression models were built to examine

1) the effect of a contemporaneous armed conflict on
RMNCH service provision, 2) a one-month lagged effect
of conflict intensity and insecurity on RMNCH service
provision. We considered a p value < 0.05 as statistically
significant. We used QGIS 3.4 software to map conflict
data by health zone and to ease their merging with
health facility data. Statistical analyses were done with
Microsoft Excel 2017 and Stata 16.

Results
Conflict intensity
Overall, conflict seemed consistently more intense in North-
Kivu than in South-Kivu and increased over time (Fig. 1).
There was great variability in conflict intensity between HZ

Fig. 1 Classification of Kivu’s health zones by conflict intensity (as per annual death rate), 2015–2018
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and over time. The number of HZ experiencing moderate
to high-intensity conflict rose from 11 (16.2%) in 2015 to 29
(44.7%) in 2018 (Table S2 and Fig. S2, Additional file).

Reporting completeness
Health facility reporting completeness ranged between
83.3% (in 2017) and 93.2% (in 2016) in the Kivu, and
was on average higher in South-Kivu (91.4%) than in
North-Kivu (84.3%). HZ with high conflict intensity to
had a 10–15% lower reporting rate than the HZs less
affected by conflict, especially in 2016 and 2017 (Fig. 2).

Levels and trends in key RMNCH in the Kivu provinces
Figure 3 describes the levels and trends in antenatal
care, proportion of facility deliveries, caesarean section
and pentavalent vaccine coverage in North-Kivu and
South-Kivu. The levels of RMNCH indicators were
higher in North-Kivu than in South-Kivu and both prov-
inces had higher levels than national averages (Fig. 3).
The proportion of pregnant women completing ANC4
was consistent with survey data and increased over time
in all conflict intensity categories. The proportion of de-
liveries in health facilities in the DHIS2 was also in
agreement with surveys results and tended to be higher
than the national average without any notable variation
by conflict intensity. National surveys showed a decreas-
ing trend in health facility deliveries, which is not
reflected in DHIS2 data.
Health zones with high-intensity conflict seemed to

conduct more caesarean sections in 2015 and 2016 than
those with lower conflict intensity, but the gap tended to
close from 2016 on. The level of caesarean section in the
Kivu (regardless of conflict intensity level) was higher
than the national average. The trends in the coverage of

the first and third doses of the pentavalent vaccine was
almost identical, with overestimated coverage in HZ
with high-intensity conflict in 2015 and 2016 and gener-
ally better in the Kivu than countrywide (Fig. 4).
Results of the regression analysis indicate statistically

insignificant contemporaneous (Table 1) and lag effects
(Table S10, Additional file) of conflict intensity and
insecurity on RMNCH service provision insecurity
(Table 1).

Discussion
This study explores the usefulness of monthly health
facility data in measuring progress in RMNCH service
provision while taking into account the ongoing armed
conflict in the Kivu provinces of DRC. Despite the
increasing number of conflict affected HZs over the
study period [51], the effect of conflict on RMNCH
service provision is not straightforward to measure and
assess. North-Kivu province has consistently reported
better RMNCH indicators than South Kivu, despite be-
ing markedly more affected by conflict. The Kivu prov-
ince as a whole recorded higher coverage than the
national level. Completeness of reporting seemed how-
ever affected by conflict in 2016–2017 but has converged
to higher levels in 2018.
Overall, the levels of antenatal care, health facility

deliveries, child immunisation coverage and caesarean
sections calculated from health facility data were consistent
with those reported in population-based surveys, despite
year-to-year fluctuation among HZ and across conflict-
intensity categories. These finding points to a successful
roll-out and scale-up of DHIS2 in these conflict-torn prov-
inces, which enables the district to have a quite reliable as-
sessment of the situation in the Kivu provinces, although

Fig. 2 Reporting completeness in the Kivu, by conflict intensity (as per annual death rate), 2015–2018
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with some initial challenges. Health facility reporting
tended to be poorer in HZ with higher conflict intensity in
2016–2017, possibly highlighting the complexity of rolling
out a new information system in conflict-affected areas.
Over time however, health facilities, district and provincial
offices seem to have found ways to make such reporting
possible. A functioning health information system requires
skilled and motivated personnel, access to basic information
and communication technologies, electricity and roads. All
these factors are likely to be negatively impacted by armed
conflict, through direct attacks and looting as well as indir-
ectly due to insecurity, reduced mobility, and limited avail-
ability of financial and human resources [52]. Strategies to
improve routine facility data gathering and reporting that
are tailored to conflict affected settings can contribute to
improve the effectiveness of the system. In DRC, paper-
based reports from health facilities are captured into the

DHIS2 at the HZ headquarters. When reports from health
facilities cannot reach the HZ headquarters because of ac-
tive conflict or impassable roads, the use of mobile phone
technologies for data entry at the facility level could repre-
sent an alternative mechanism for data sharing. Such an
option seems becoming more and more feasible thanks to
both the increasing cellular network coverage in many parts
of the DRC (although not yet complete) [53], and the possi-
bility for offline data capture now available within DHIS2
mobile application [54]. While this is not currently used
in DRC, it represents one of the next investments
that would build upon the results achieved so far.
This would also contribute to improve the timeliness
of reporting, another key feature of routine data. Lags
of several weeks are not uncommon, restricting there-
fore the potential for such data to inform real time
decision making.

Fig. 3 Trends in RMNCH indicators in North-Kivu and South-Kivu, 2012–2018. Note: No estimate for ANC4 at provincial level was available in the
2014 DRC DHS. According to the 2018 DRC MICS report, the ANC4 coverage in North-Kivu and South-Kivu was 55.9 and 46.3% respectively, and
42.9% nation-wide

Malembaka et al. BMC Health Services Research          (2021) 21:195 Page 7 of 11



In line with a few other studies on eastern DRC,
our selection of key maternal and child health
indicators reported higher levels in these conflict-
affected provinces than in the rest of the country [2,
8, 55, 56]. Some factors may contribute to explain
this pattern. First, the poverty level as measured by
the latest MICS seems to be higher in western and
central DRC provinces than in the Kivu [38]. Users’
fees, as applied in DRC, may therefore represent an
important barrier to access to health services. Second,
the health system in eastern DRC provinces is report-
edly better funded than in other provinces, mainly
thanks to humanitarian aid [57, 58]. In some conflict-
affected HZ, RMNCH services are totally subsidised
by non-governmental organisations, often waiving
users’ fees. This may result in improvements in both
access to health services and retention of healthcare

workers through payment of wages and incentives
[59]. Third, many humanitarian agencies are finan-
cially supporting HZ under a performance-based con-
tracting scheme [60], with clear emphasis on health
facility reporting [61]. This has likely contributed to
reinforcing the culture of monitoring and reporting in
these provinces. Fourth, communities and service pro-
viders might have learned to adapt to a situation of
chronic conflict characterised by a multiplicity of
armed groups based in remote areas and intermit-
tently disrupting lives and services [62]. Unstable and
varying alliances along ethnic lines coupled with polit-
ical and financial interests make the conflict dynamics
highly volatile [63].
This form of conflict results in high level of

unpredictability, requiring high adaptation capacity,
negotiation skills as well as context-adapted solutions.

Fig. 4 Trends in RMNCH indicators by level of conflict intensity in selected health zones, 2015–2018
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At the same time, it also allows for certain health ser-
vices to continue during moments of calm. Schedulable
services, such as preventive services may therefore seem
less affected. This could be the reason why we were not
able to identify variations in ANC4 or DPT1. More sur-
prisingly were the rather stable trends in both facility de-
liveries and caesarean sections, both requiring more
immediate access to health facilities. This could partially
be explained by the existence of maternity waiting
homes within referral health facilities in remote or
conflict-prone areas, allowing women to report to the
health facility well before the onset of labour. Maternity
waiting homes are recommended by the World Health
Organisation despite the limited (but growing) evidence
available measuring their efficacy in improving maternal
and neonatal outcomes in stable settings [64, 65].

Study limitations
Caution should be used when interpreting our
findings because of the uncertainty about
denominators. Despite efforts by the provincial
ministry of health in the Kivu to update population
projections with occasional population counts, we
acknowledge the risk of overreporting by household’s
heads, local community leaders or even health
facilities in-charges in the face of possible prospective
gains such as food, money or other humanitarian
commodities [44]. Population displacement is a major
factor associated with armed conflict and may greatly
affect the accuracy of target population estimates and
reported services by health zone through the DHIS2.
The size and direction of the bias is however un-
known, as we were not able to obtain population

displacement data from either governmental or hu-
manitarian actors. In our analysis of health facility
data, we assumed that non-reporting facilities deliv-
ered services at one-fourth the level of reporting facil-
ities. This crude assumption may lead to over- or
underestimation of coverage, but our sensitivity analysis
showed that the impact of different assumptions was
modest because the reporting completeness is high in
most health zones. Further research however would be
needed to obtain a better idea of the extent to which non-
reporting is associated with facility closure or reduced ser-
vice provision in conflict affected settings.
Under- or over-reporting may also affect RMNCH

events reported in the DHIS2. Health workers may be
tempted to under-report negative outcomes such as
deaths for fear of blame or financial sanctions (for
instance under performance-based financing scheme)
[60, 66]. Our analysis may not be generalisable to women
in need of RMNCH services who have no access to health
facilities.

Conclusions
Although good in general, the health facility reporting
rate in the Kivu was negatively impacted by conflict
intensity especially at the beginning of the DHIS2’s
rolling-up. Routine health facility data appeared to be
reliable for assessing and monitoring trends in RMNCH
intervention coverage, including in health zones with
high-intensity conflict. Examining whether and how the
observed facility trends reflect the situation in the com-
munity will necessitate the development and testing of
data collection strategies that allow the reconciliation
between health facility and community-based data.

Table 1 Regression analysis of the effects of conflict intensity and insecurity on RMCH service provision in the Kivu

Outcome Threshold 1 Threshold 2 Threshold 3

Difference, reported-expected numbers Coefficient (95% CI) P value Coefficient (95% CI) P value Coefficient (95% CI) P value

ANC4

Severe conflict 1.79 (−1.30; 4.88) 0.251 1.49 (−1.67; 4.64) 0.354 1.27 (−1.94; 4.48) 0.432

Insecurity 1.26 (−1.19; 3.71) 0.309 1.50 (−1.55; 4.54) 0.329 −0.44 (− 4.22; 3.34) 0.818

Facility deliveries

Severe conflict 2.99 (−2.39; 8.37) 0.271 3.43 (− 2.74; 9.59) 0.271 3.69 (− 2.03; 9.40) 0.202

Insecurity 3.04 (−1.89; 7.97) 0.222 2.36 (−3.32; 8;03) 0.410 2.84 (−7.42; 13.09) 0.583

Caesarean section

Severe conflict 0.11 (−0.49; 0.71) 0.721 0.01 (−0.63; 0.65) 0.980 0.03 (−0.56; 0.62) 0.915

Insecurity 0.07 (−0.47; 0.61) 0.800 0.20 (−0.39; 0.79) 0.508 −0.23 (−1.09; 0.64) 0.604

DPT3

Severe conflict 1.35 (−1.67; 4.37) 0.375 0.53 (−2.91; 3.97) 0.760 0.21 (−3.17; 3.58) 0.903

Insecurity 1.45 (−1.28; 4.19) 0.293 1.86 (−1.19; 4.91) 0.227 −0.39 (−5.32; 4.54) 0.874

Threshold 1: Severe conflict = monthly conflict death rate ≥ 5 per 100,000 population; insecurity = conflict event-days ≥1 per 100,000 population. Threshold 2:
Severe conflict = monthly conflict death rate ≥ 10 per 100,000 population; insecurity = conflict event-days ≥5 per 100,000 population. Threshold 3: Severe conflict =
monthly conflict death rate ≥ 15 per 100,000 population; insecurity = conflict event-days ≥10 per 100,000 population
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