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Abstract

Background Routine health facility data are an important source of health information in resource-limited settings.
Regular quality assessments are necessary to improve the reliability of routine data for different purposes, including
estimating facility-based maternal mortality. This study aimed to assess the quality of routine data on deliveries,
livebirths and maternal deaths in Kampala City, Uganda.

Methods We reviewed routine health facility data from the district health information system (DHIS2) for 2016 to
2021.This time period included an upgrade of DHIS2, resulting in two datasets (2016-2019 and 2020-2021) that
were managed separately. We analysed data for all facilities that reported at least one delivery in any of the six years,
and for a subset of facilities designated to provide emergency obstetric care (EmOC). We adapted the World Health
Organization data quality review framework to assess completeness and internal consistency of the three data
elements, using 2019 and 2021 as reference years. Primary data were collected to verify reporting accuracy in four
purposively selected EmOC facilities. Data were disaggregated by facility level and ownership.

Results We included 255 facilities from 2016 to 2019 and 247 from 2020 to 2021; of which 30% were EmOC facilities.
The overall completeness of data for deliveries and livebirths ranged between 53% and 55%, while it was < 2% for
maternal deaths (98% of monthly values were zero). Among EmOC facilities, completeness was higher for deliveries
and livebirths at 80%; and was < 6% for maternal deaths. For the whole sample, the prevalence of outliers for all

three data elements was < 2%. Inconsistencies over time were mostly observed for maternal deaths, with the highest
difference of 96% occurring in 2021.

Conclusions Routine data from childbirth facilities in Kampala were generally suboptimal, but the quality was
better in EmOC facilities. Given likely underreporting of maternal deaths, further efforts to verify and count all facility-
related maternal deaths are essential to accurately estimate facility-based maternal mortality. Data reliability could

be enhanced by improving reporting practices in EmOC facilities and streamlining reporting processes in private-for-
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profit facilities. Further qualitative studies should identify critical points where data are compromised, and data quality

assessments should consider service delivery standards.

Keywords Maternal mortality, Data quality, Routine health facility data, Health management information systems,
Maternal health, Urban health, DHIS2, Institutional maternal mortality, Sub-saharan Africa, RHIS

Background

Reliable health information and data are essential for
monitoring health status and health system performance,
which is crucial for achieving the Sustainable Devel-
opment Goals [1]. Routine health facility data are an
important source of this information in low- and mid-
dle-income countries (LMICs) [2, 3]. The data are col-
lected and reported by different health facilities through
a standardized health management information system
(HMIS), using paper-based forms or reports and the
web-based District Health Information System (DHIS2)
[2, 4]. Despite its importance, concerns about the quality
of routine data undermine its usefulness in monitoring
progress in public health issues, such as maternal mortal-
ity reduction. Regular assessments are therefore needed
to verify data quality, identify gaps and enhance the reli-
ability of facility-based data [5-7].

Maternal health is a critical area that greatly benefits
from good quality routine facility data [8]. An impor-
tant indicator in this context is the institutional mater-
nal mortality ratio (IMMR). The IMMR is defined as the
number of maternal deaths per 100,000 deliveries within
health facilities [9, 10]. However, IMMR has also been
reported as the number of maternal deaths per 100,000
livebirths in health facilities [11, 12]. The IMMR serves
as an indicator of healthcare quality and can be a proxy
measure of health system performance [2, 13]. In the
context of increasing facility deliveries and most mater-
nal deaths occurring around the time of childbirth, reli-
able estimates to monitor progress can be generated with
good quality facility data [3].

Several factors affect routine data quality including a
lack of staff training in HMIS coupled with inadequate
supportive supervision, lack of necessary tools and other
resources, high workload and facility type [14-17]. In
urban areas, routine data quality may be affected by the
vast presence of private providers [18], who face chal-
lenges of poor regulation, untrained staff and limited
resources, leading to inconsistent reporting [19, 20].
Also, the fragmented nature of the health system and lack
of collective action make it difficult to implement strat-
egies reported to improve data quality, such as support
supervision [17, 18, 21]. Previous studies have shown
variability in the completeness and consistency of mater-
nal health indicators [7, 22-24], with some showing dif-
ferences in data quality by facility and indicator type [22,
24]. However, few studies have explored how expected
service delivery by level of care influences these metrics.

This is particularly important in urban settings, where
the predominant private facilities may not be the major
providers of certain services such as childbirth. Under-
standing these dynamics can provide valuable insights for
more accurate and contextualised data quality evaluation,
and inform necessary adjustments for better health esti-
mates from routine data.

This study adds to the body of knowledge informing use
of routine data for monitoring maternal health outcomes
and improving performance. In Uganda, challenges with
data consistency and low reporting rates in the private
sector affect data quality [20, 25]. We assessed the quality
of routine data reported by health facilities in Kampala,
Uganda’s capital, focusing on three data elements: deliv-
eries, livebirths, maternal deaths. The findings provide
insights for improving data completeness and consis-
tency in a context of diverse health service providers and
suggest potential adaptations for contextualising existing
data quality metrics.

Methods

Study design

We conducted a retrospective review of routine monthly
and annual aggregated health facility data over a six-year
period (2016-2021). Additionally, we collected primary
data from four health facilities for verification of facility
reporting.

Study setting

We assessed data from health facilities in Kampala City,
located in central Uganda. Kampala has an estimated res-
ident population of 1.7 million [26]; with a daytime tran-
sient population of up to 4.5 million [27]. Kampala city
is divided into five urban divisions — Kawempe, Rubaga,
Nakawa, Makindye and Central (Fig. 1) - comprising 96
parishes and 1285 villages. Healthcare is provided by a
mix of government-owned and private health facilities.
A 2016 survey reported about 1,448 health facilities in
Kampala of which, 94% were private-for-profit (PFP),
2% were government and 4% were private-not-for-profit
(PNEP) [28]. Generally, health services are delivered
through a seven-tier system consisting of (from high-
est to lowest): national referral and specialist hospitals,
regional referral hospitals, general hospitals, health cen-
tre (HC) IVs, HC IlIs, HC IIs, and the community/village
health team levels. While uncomplicated deliveries can
be conducted at HC IIs, more maternity services, includ-
ing emergency obstetric care (EmOC), are provided at
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HC IlIs and higher levels. HC IIIs provide basic EmOC
interventions such as administration of parenteral utero-
tonics and parenteral anticonvulsants, while HC IVs and
hospitals provide comprehensive EmOC, including blood
transfusion and caesarean delivery [29].

Study inclusion criteria

We included health facilities that provided childbirth ser-
vices between 2016 and 2021, defining this as reporting
at least one delivery in DHIS2 in the review period. We
first assessed general maternal healthcare provision using
antenatal care (ANC), deliveries, and maternal admis-
sions data. We excluded duplicates and facilities that did
not report any event for the three elements, assuming
that they did not provide maternal healthcare and were
therefore not relevant to the study. We then excluded
facilities that only reported ANC services or maternity
admissions as our focus was on childbirth services. To
verify accuracy of facility reporting, we collected primary
data from four EmOC facilities, purposively selected to
ensure variability in delivery volume and sector. These
included one referral and two general hospitals, and one
HC IV, with two being public, one PNFP and one PFP.
The facilities provided childbirth services across the six-
year review period, with average annual deliveries rang-
ing from 1,383 to 13,701. As of 2021, the four facilities
accounted for about 40% of all deliveries reported in
Kampala city.

Data sources

Health management information system data (DHIS2) -
health unit outpatient monthly report

In Uganda, routine health data, including maternal health
information are captured through the HMIS. Reporting
frequencies vary by data element from weekly, monthly,
quarterly, to annually. Health facilities are expected to
submit their monthly reports by the 7th day of the next
month. Data are first captured using paper-based HMIS
forms in health facilities and then aggregated num-
bers are entered into DHIS2. While hospitals and HC
IVs upload their data directly into DHIS2, HC IIIs and
lower-level facilities submit paper reports to the district
for entry into DHIS2. For this study, we assessed data
reported through the Health Unit Outpatient Monthly
Report (form HMIS 105), which includes maternal and
child health (MCH) among other services and conditions.
The review period (2016—2021) included an upgrade of
DHIS2 in 2020, accompanied with revised HMIS forms
and registers, with additional data elements such as num-
ber of (maternal) deaths at emergency unit and six-hour
postnatal check for mothers under MCH. This resulted
in two separate databases for our study (January 2016-
December 2019 and January 2020- December 2021),
as facilities had been not linked across the two DHIS2
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versions. We analysed the two datasets separately, except
for analysis of consistency overtime in 2021, where facili-
ties were manually matched across the two datasets
based on the name and location. The annual and monthly
aggregated data on deliveries, livebirths, and maternal
deaths were extracted from DHIS2 between January and
September 2022.

Facility-based data registers and monthly report (primary
data collection in four facilities)

To assess facility reporting accuracy, we reviewed the
integrated maternity register, maternal death notifica-
tion and review forms, and outpatient monthly reports
at the four selected EmOC facilities. The maternity reg-
ister captures different information on all admissions to
the maternity unit including the woman’s diagnosis on
admission, mode of delivery, details on the baby, and the
condition of the mother and baby on discharge.

Data analysis

Data quality metrics and data elements

We adapted the World Health Organization (WHO)
guidelines for routine data quality review [30]. We
assessed each data element across two dimensions:
completeness and timeliness, and internal consistency
of reported data, with five metrics (Table 1). Complete-
ness of facility reporting is the percentage of expected
monthly reports that were submitted, while timeliness
indicates the percentage of expected reports submitted
by the reporting deadline. Completeness of data referred
to the percentage of monthly values that were non-zero.
Internal consistency, reflecting the credibility of reported
events, involved examining outliers, consistency over
time, and reporting accuracy [30]. Outliers were identi-
fied as monthly values with an absolute modified z-score
above 3.5 for a particular year. Consistency over time was
assessed by comparing the number of events reported
in a reference year to the average of the three preceding
years. Reporting accuracy was assessed in four facili-
ties by reviewing source documents and comparing the
counted values with the reported ones.

Three data elements used to measure IMMR were
assessed: number of facility deliveries, livebirths, and
maternal deaths. Facility deliveries refer to the number
of women giving birth in a health facility, regardless of
the number of babies born. Livebirths include all live-
born babies in the facility; for multiple pregnancies, each
live born baby is counted separately. Maternal death is
defined as death of a woman while pregnant or within
42 days of terminating the pregnancy, from any cause
related to or aggravated by the pregnancy or its manage-
ment; and not incidental or accidental causes; irrespec-
tive of the duration and site of the pregnancy [31].
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Table 1 Data quality dimensions assessed for deliveries, livebirths and maternal deaths reported in Kampala City*

Data quality  Definitiont Computation
metric

Dimension 1: Completeness of reporting

i) Complete- ~ Number of (monthly) reports  Overall, we obtained the average percentage of the reporting rates (completeness) of the facilities in
ness of facility  received from all health the sample as extracted from DHIS2 for each year in the review period.
reporting facilities divided by the total ~ Then, based on the reporting rates (completeness) extracted from DHIS2, we computed the number
number of expected reports.  and percentage of facilities with reporting rates < 75% (i.e, <9 reports per year). We grouped facilities
into three categories of reporting completeness (< 75%, 75-99.9%, 100%).
ii) Timeliness ~ The proportion of monthly This was only computed for the whole sample. We obtained this metric as the average percentage of
of facility reports received by the reporting rates (timeliness) as extracted from DHIS2 for each year under review.
reporting reporting deadline (7th day of
the next month).
iy Complete-  The number and % of Overall, we computed this metric by adding up the number of monthly values for each data element
ness of data monthly values for each data  that were zero from all facilities and dividing this by the total number of expected values. The com-
element element that are (1) not zero;  pleteness was then obtained by subtracting the percentage of zero values from 100%.

and (2) not missing. Then, for each facility, we counted the total number of monthly values that were not zero and
divided by 12. We then determined the percentage of facilities in which <90% of the monthly values
were non-zero values. We also categorised the facilities into three - <90%, 90-99.9%, 100% complete-
ness of data elements.

Dimension 2: Internal consistency of reported data

iv) Outliers Overall, we obtained the total number of monthly values that were outliers (modified z-score > 3.5)
and divided it by the expected number of values.

We then computed the number and percentage of health facilities in which at least one monthly
value for each indicator was an outlier (modified z-score > 3.5).

The number and % of
reported monthly values
for the reference year that
had an absolute modified
z-score>3.5.

v) Consistency The average ratio of events Overall, we determined this metric as the ratio of the total number of events for the reference year to

over time** for the reference yeartothe  the average number of events reported in the preceding three years for each indicator.
mean events of the three We determined the percentage of health facilities with at least a 33% difference between their ratio
preceding years for selected  and the city ratio for each indicator. For each facility, we first computed the average number of events
indicators. reported in the preceding three years, then obtained the ratio of the total number of events for the
reference year to the mean of the preceding three years. We then obtained the percentage difference
between the facility and city ratios. Facilities that had a percentage difference >33% (0.33) were
considered to have issues in their reporting.
vi) Accu- The ratio of counted indicator Counted number of events for each data element divided by the number of events reported in DHIS2
racy of facility  values from facility records to  The ratio of the counted number to the reported number of events should be within + 10%
reporting¥ reported values in DHIS2. Counted number refers to the number counted from facility registers and reports; reported number is the

number reported in the DHIS2 system

*Qverall, the expected number of reports was computed using the total number of facilities included in the study sample. For example, for completeness of indicator
data in 2019, the expected number of events was (255 x 12) and (247 x 12) in 2021. All the facilities in the sample were considered as “expected to report” in DHIS2

** For the reference year 2021, analysis for consistency over time included only those facilities that reported in the DHIS2 in 2021 and the three preceding years
(2020, 2019, 2018). Facilities that were in the 2020/2021 dataset but not in 2016/19 were excluded for this data quality dimension. Annual totals for the indicators
were computed only for these facilities

1 All definitions adapted from the WHO guidelines (WHO, 2017)
¥ Metric was assessed in four facilities

Data management

We generated overall performance for each data qual-
ity metric and categorized facility performance based on
WHO thresholds [30]. For most metrics, data from two
reference years (2019 and 2021) were analysed, while
completeness and timeliness of facility reporting were
assessed across all six years. Data were analysed using
STATA 14 (StataCorp, College Station, Texas, US) and
Microsoft Excel (Microsoft, Redmond, US). Descriptive
statistics, including frequencies and percentages, were
used to summarize the quality dimensions for each data
element. We presented results using text, tables, and
graphs, with disaggregation by facility level and owner-
ship where possible. We categorized private facilities

according to the 2018 national health facility master list
[32].

In analysing data completeness, we further compared it
with facility reporting completeness to identify potential
true zero values and missing data for deliveries. We cat-
egorised facilities into four groups based on WHO limits,
and explain them in light of Uganda’s health service deliv-
ery standards [33].

Category 1 (<75% reporting and <90% non-zero values)
Category 2 (<75% reporting and >90% non-zero val-

ues): These facilities submitted fewer than nine of the 12
expected monthly reports, with more than one monthly
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2016-2019
N=1488
Total sample from
DHIS2
1 facilities excluded as
duplicates
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{ assessed for
inclusion )
—T 1117 (75.1%) facilities
excluded. Not providing ANC
or conducting deliveries

( 370
Facilities assessed
further

115 (7.7%) excluded, providing
only ANC

255 (17.2%)
Facilities included in
the analysis
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2020-2021

Total sample from

N\
‘ N=1763
DHIS2 ,

3 facilities excluded as
duplicates

( 1760
assessed for
inclusion )

N

1423 (80.9%) facilities
excluded. Not providing ANC or
conducting deliveries

J

" 337 l

Facilities
\_assessed further )

90 (5.1%) excluded, providing
only ANC
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Facilities included in
the analysis

Notes: ANC=antenatal care, DHIS2=district health information system 2

Fig. 2 Flow of inclusion of health facilities in the study sample, by period

Table 2 Characteristics of facilities that provided childbirth
services in Kampala City between 2016 and 2021

Characteristic 2016-2019 2020-2021
n=255 (%) n=247 (%)
Ownership
Government 17 (6.7%) 15 (6.1%)
Private-not-for-profit 22 (8.6%) 23 (9.3%)
Private-for-profit 216 (84.7%) 209 (84.6%)
Facility level
Hospitals 29 (11.4%) 26 (10.5%)
HCIVs 14 (5.5%) 14 (5.7%)
HC llls 19 (7.5%) 27 (10.9%)
HC lls/clinics 193 (75.7%) 180 (72.9%)
Location (division)
Central 23 (9.0%) 20 (8.1%)
Kawempe 52(20.4%) 53 (21.5%)
Makindye 65 (25.5%) 72 (29.2%)
Nakawa 52 (20.4%) 50 (20.2%)
Rubaga 63 (24.7%) 52 (21.1%)

value as zero (Category 1), or only one or no zero values
(Category 2).

Category 3 (=75% reporting and <90% non-zero values):
These facilities submitted at least nine of the 12 expected
monthly reports, but with one or more zero monthly
values. Zero values at HC II/clinic level could be true or
missing data, while at HC III and higher levels, they are
likely missing data.

Category 4 (=75% reporting and >90% non-zero values):
These facilities submitted nine or more reports, with 11 or
12 non-zero values, indicating generally good reporting.

Results

Description of the study sample

Between 2016 and 2019, 1487 health facilities reported
data into DHIS2, rising to 1760 facilities between 2020
and 2021. Of the facilities reporting in 2016-2019, 255
(17%) reported at least one delivery, while in 2020-2021,
247 (14%) reported one or more deliveries (Fig. 2).

Table 2 shows the basic characteristics of facilities
included in the analysis. In both datasets, over 80% of the
facilities were private-for-profit, with majority classified
as HC II or clinics.

Data Quality

A summary of the quality of data assessed is provided in
Additional File 1.

Completeness of facility reporting

Overall, completeness of facility reporting was 56.1% in
2016, and generally increased to over 80% from 2019 to
2021 (Fig. 3). The average reporting rate across the six
years was 74%. There was a general increase in timeliness
of reporting between 2016 (41.6%) and 2019 (72.3%), fol-
lowed by a substantial drop to 28.2% in 2020, with a slight
recovery in 2021, which did not reach the level in 2019
(Fig. 3). A general increase in facility reporting was noted
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Facility reporting completeness rate and timeliness
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Fig.3 Annual reporting rates for facilities providing childbirth services in Kampala city [n =255 (2016-19) n=247 (2020-21)]. a-b: Completeness of report-

ing by facility type

across facilities by ownership (Fig. 3a and b). Reporting
was highest in PNFP facilities, but over time, the most
improvement in reporting completeness occurred among
Government-owned facilities and in hospitals.

The percentage of facilities with completeness report-
ing rates below 75% was 45.1% (115/255) in 2016,
declining to 12.9% (33/255) in 2019, and then slightly
increasing to 13.8% (34/247) in 2020 before decreasing
to 12.2% (30/247) in 2021 (Fig. 4). Within this category,
there was a steady decline in the percentage of facilities
with zero reporting rate over the six-years, from 33.7% in
2016 to 7.7% in 2021. Majority of the facilities with <75%
reporting completeness, including zero reporting, were
at HC II/clinic level and were private-for-profit facilities.
In 2020-2021, no government and PNEFP facilities, nor
hospitals and HC IVs had zero reporting. The percentage
of facilities with 100% reporting increased between 2016
and 2019, but decreased in 2020-2021.

Completeness of data elements

Overall data completeness (non-zero values) for deliv-
eries was 55.1% in 2019 and 54.1% in 2021, and for live-
births completeness was 54.7% in 2019 and 53.6% in
2021. This means that, about five of the 12 monthly

values reported for deliveries and livebirths were zeros.
For maternal deaths, completeness in both 2019 and 2021
was less than 2% (Table 3), implying that, over 98% of
the 12 monthly values were zeros. No missing data were
found for the three data elements.

By sector, Table 3 shows lower prevalence of zero val-
ues for deliveries and livebirths in government and PNFP
facilities in 2021 compared to 2019. However, complete-
ness of maternal deaths data in government facilities was
more than double in 2021 (17.2%) compared to 2019
(7.8%); while completeness was lower in 2021 (2.5%)
compared to 2019 (5.7%) in PNFP facilities. Within PFP
facilities, compared to 2019, data completeness in 2021
was higher for maternal deaths (0.3% vs. 0.1%), and
slightly lower for deliveries (48.8% vs. 51.9%) and live-
births (48.5% vs. 51.5%).

In 2019 and 2021, 63.9-67.6% of facilities had fewer
than 90% of monthly values for deliveries and live-
births as non-zero (Fig. 5). This shows that, nearly half
of the facilities had more than 10% zero values in their
monthly reports, with only about 20% of all facilities hav-
ing non-zero values in all 12 monthly reports. On aver-
age, facilities reported about five zero values out of 12 in
both 2019 (5.4) and 2021 (5.5). For maternal deaths, with
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Table 3 Completeness of monthly data for 2019 and 2021, overall and by ownership
Monthly reporting completeness (%) 2019 2021
Overall Govt PNFP PFP Overall Govt PNFP PFP
(n=255) (n=17) (n=22) (n=216) (n=247) (n=15) (n=23) (n=209)
Deliveries 55.1% 58.8% 83.7% 51.9% 54.1% 80.6% 84.8% 48.8%
Livebirths 54.7% 58.3% 84.1% 51.5% 53.6% 80.0% 82.6% 48.5%
Maternal deaths 1.1% 7.8% 5.7% 0.1% 1.5% 17.2% 2.5% 0.3%
Govt=government, PNFP=private-not-for = profit, PFP=private-for-profit
Completeness of data elements
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Fig.5 Completeness of data elements (n=255 (2019) and 247 (2021)

the exception of one facility in 2021, less than 95% of
monthly values were non-zero in all facilities. This means
that in nearly all facilities, over 95% of reported monthly
values for maternal deaths were zeros.

Among HC IlIs and higher-level facilities, overall com-
pleteness of data for deliveries and livebirths was about
80% in both 2019 and 2021, while for maternal deaths,

maternal deaths

90%-99.9% non-zero values

17.7 10.5 11.9

2019 2021 2019 2021 2019 2021

deliveries livebirths maternal deaths

HC Il and above

B 100% non-zero values

completeness was less than 6%. In each reference year, 21
to 26 (=30%) facilities had <90% completeness of data for
deliveries and livebirths.

In 2019, facilities with <90% completeness rate for
deliveries included: 10 (6.1%) government, 7 (4.3%)
PNFP and 146 (89.6%) PFP by ownership; as well as 9
(5.5%) hospitals, 4 (2.5%) HC IVs, 6 (3.7%) HC IlIs and
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Table 4 Comparing completeness of data for deliveries and facility reporting for 2019 and 2021

Completeness of data

2019 (n=255)

2021 (n=247)

(report and data element)  Hospitals, HCIV,

HCIll (n=62)

<75% reporting with <90%
non-zero values (Category
1)

<75% reporting with >90%
non-zero values (Category
2)

>=75% reporting with
<90% non-zero values
(Category 3)

>=75% reporting with
>90% non-zero values
(Category 4)

Legend: YGood reportingmm, *Missingmm, 'True zerost=, *Inconsistencies mm, **Uncertain—

HCll/clinics
(n=193)

Hospitals, HCIV, HCII/clinics
HCIIl (n=67)

(n=180)

Table 5 Outliers in monthly values for deliveries, livebirths and maternal deaths in 2019 and 2021

Metric Deliveries Livebirths Maternal deaths
2019 2021 2019 2021 2019 2021

9% of health facility monthly values that were outliers (modified z-score above 3.5) 1.0% 1.8% 1.2% 1.8% 0.2% 0.1%

N (2019) =255%12=3060

N(2021) =247 x 12 =2964

N(%) of health facilities in which one or more of the monthly were outliers 22 (8.6%) 32(13.0%) 28(11.0%) 31(12.6%) 4(1.6%) 1(0.4%)

N(2019) =255
N(247)=247

141 (86.5%) HC IIs by facility level. In 2021, these facili-
ties included: 4 (2.4%) government, 6 (3.7%) PNFP and
154 (93.9%) PFP by ownership, and 7 (4.3%) hospitals, 6
(3.7%) HC 1Vs, 13 (7.9%) HC IlIs and 138 (84.1%) HC IIs
by facility level.

Exploring zero values vs. missingness for deliveries -
comparing facility reporting and data completeness
Overall, about half of facilities (131/255 (51%) in 2019
and 136/247 (55%) in 2021) submitted at least nine of
the 12 expected monthly reports (>=75% reporting),
with less than 11 non-zero values (<90% completeness)-
Table 4. Among HC IIs and clinics, 60% of facilities were
in category 3 with likely true zero values and missing data
(orange cells**), and just over 20% had good reporting
(dark green cellsY). While most HC III and higher-level
facilities had generally good reporting (dark green cellsY),
20-30% had likely missing data in their monthly reports
(red cells®).

The red cells marked (*) contain inconsistencies such
as, facilities having<100% reporting with 100% data
completeness, and facilities having at least one non-zero
value despite zero reporting. Facilities in the light green
cells (1) reported likely true zero values.

Internal consistency of reported data
Outliers (accuracy of event reporting)
The overall percentage of monthly values which were
outliers (modified z-score>3.5) was 1.0% for deliveries,
1.2% for livebirths and 0.2% for maternal deaths in 2019.
In 2021, the percentage was 1.8% for deliveries and live-
births, and 0.1% for maternal deaths. For deliveries and
livebirths, the percentage of facilities with at least one
outlier in the reported monthly values respectively was
higher in 2021 (13.0% and 12.6%) compared to 2019 (8.6%
and 11.0%) (Table 5). For maternal deaths, the number
and percentage of facilities in which at least one monthly
value was an outlier decreased in 2021 compared to 2019.
Among HC IlIs and higher-level facilities, overall preva-
lence of outliers ranged from 0.3 to 3.6%. The percentage
was 1.3% for deliveries, 2.0% for livebirths and 0.8% for
maternal deaths in 2019, and it was 3.6% for deliveries,
2.9% for livebirths and 0.3% for maternal deaths in 2021.
For all three data elements, only one monthly value
was an outlier in most affected facilities. The percentage
of facilities with two or more outliers in both reference
years was less than 5%, but this was higher for deliveries
and livebirths in 2021 (2.4% for deliveries, 3.5% for live-
births in 2019; and 4.1% for deliveries, 4.5% for livebirths
in 2021). Outliers in data for deliveries and livebirths
were mostly observed in HC IIs/Clinics and private-for-
profit facilities. In 2019, eight (12.9%) facilities had an
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outlier in the monthly values for deliveries, 11 (17.7%) for
livebirths and four (6.5%) for maternal deaths. In 2021,
15 (22.4%) facilities had an outlier in values for deliver-
ies and livebirths each, and only one (1.5%) facility for
maternal deaths. The public sector had the lowest num-
ber of facilities with outliers for deliveries and livebirths
in both 2019 and 2021. For maternal deaths, all facilities
that had an outlier in the reported monthly values were
hospitals in both 2019 (all private sector) and 2021 (pub-
lic sector).

Consistency over time

The number of deliveries reported in 2019 by all facili-
ties in the sample as compared to the average number
of deliveries reported in 2016, 2017 and 2018 was rela-
tively the same (ratio=1). However, a 2% increase in the
number of reported livebirths occurred (Table 6). Addi-
tionally, a 41% decline in the number of maternal deaths
reported in 2019 was observed compared to the average
of the three prior years. At least 40% of facilities had a
ratio for deliveries and livebirths that was 33% or more
when compared to the overall ratio for the sample and
as such, reported more or less deliveries or livebirths in
2019 compared to the preceding three years.

Among facilities that provided childbirth services
across both datasets (i.e., total number of deliveries in
2016-19 AND in 2020-21 was not zero), Table 6 shows an
increase in the number of deliveries (8%), livebirths (7%)
and maternal deaths (96%) reported in 2021 compared to
the average number for each indicator for the years 2018,
2019 and 2020. Nearly 50% of facilities reported more
or less deliveries and livebirths in 2021 compared to the
average of the three previous years.

Among facilities at HC III and higher levels, Table 6
shows relative consistency between the number of
deliveries and livebirths reported in 2019 compared to
the average number of the three preceding years; while
respectively there was a 10% and 8% increase in deliver-
ies and livebirths reported in 2021 when compared to the
prior three years. Of these facilities that had a difference
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of 33% or more between their ratio and that of the overall
sample, hospitals were more prevalent ranging between
4 and 12, followed by HC IIIs ranging between 6 and 7
across the three data elements assessed.

Comparing number of deliveries and livebirths reported in
2019and 2021

The number of deliveries in a facility is not always equal
to the number of livebirths. In some cases, a delivery may
result in two or more livebirths while in others, it might
result in a stillbirth. Still, some inconsistencies between
the two may be out of range. In this study, the ratio of the
total number of deliveries to livebirths for all facilities was
1.01 in 2019 and 1.03 in 2021, suggesting that overall, the
total numbers for the two elements were nearly the same.
At facility level, in both reference years, facilities with a
ratio of 0.8 or below [#=4 (2019); n=>5 (2021)] were all
at the HC II/clinic level. These reported more livebirths
than deliveries. On the other hand, the nine facilities in
2019 with a ratio of 1.2 and above were at HC II level,
and in 2021 (n=38) these facilities included one hospital,
and all were PFP facilities. These facilities reported more
deliveries than livebirths.

Accuracy of facility reporting (2021)

The four facilities where reporting verification was done
included two public (fac02 and fac029), two private facili-
ties (fac07 and fac026 - one private-not-for-profit and the
other private-for-profit). With the exception of fac029
(a HC 1V), the rest were hospitals. The data shows rela-
tive consistency in reporting within the two public facili-
ties with a verification factor of about 1 (Table 7). On
the other hand, inconsistences in facility reporting were
noted in the two private facilities. The verification fac-
tor of 10% for deliveries and livebirths and over 10% for
maternal deaths in one of the private facilities point to
possible underreporting of events.

Table 6 Consistency of reporting overtime for deliveries, livebirths and maternal deaths in 2019 and 2021

Consistency over time 2019 (n=255)

2021 (n=176)

Overall Number (%) of facilities with at least  Overall Number (%) of facilities
33% difference between the facility with at least 33% differ-
and the overall ratio ence between the facil-
ity and the overall ratio
All facilities (n=255) (n=176)
Deliveries 1.00 108 (42.4%) 1.08 87 (49.4%)
Livebirths 1.02 109 (42.8%) 1.07 82 (46.6%)
Maternal deaths 0.59 4(1.7%) 1.96 6 (3.4%)
HC llls and above (n=62) (n=>56)
Deliveries 1.02 18 (29.0%) 1.10 22 (39.3%)
Livebirths 1.00 17 (27.4%) 1.08 20 (35.7%)
Maternal deaths 0.7 4 (6.5%) 1.98 6 (10.7%)
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Table 7 Accuracy of facility reporting

Data element Fac02 Fac07 Fac026 Fac029
Deliveries

Reported events 21232 1288 3676 7353
Recounted events 21041 1349 4027 7361
Ratio of recounted to reported 0.99 1.05 1.10 1.00
events

Livebirths

Reported events 20745 1285 3707 7332
Recounted events 20547 1407 4028 7411
Ratio of recounted to reported 0.99 1.10 1.09 1.01
events

Maternal deaths

Reported events 145 0 3 0
Recounted events 145 0 7 0
Ratio of recounted to reported 1.00 0 2.33 0
events

Discussion

There is still a need for evidence on routine health facil-
ity data quality from low- and middle-income countries.
This study assessed data from an African city, with a
focus on IMMR data elements. The findings showed that
the data were relatively consistent but with sub-optimal
completeness despite improvements in facility report-
ing overtime. Additionally, the results showed that data
reported by HC III and higher levels were of better qual-
ity compared to the entire sample, which predominantly
comprised HC II/clinics. We acknowledge the funda-
mental difference in the nature of the data elements
assessed whereby, deliveries and livebirths are relatively
routine, while maternal deaths are rare events. We there-
fore discuss the findings on their data quality separately.

The completeness of data on deliveries and livebirths
was below 90%, ranging between 53% and 55%. This
means that about 40% of reported monthly values in a
year were zeros, possibly representing either true zero
values or missing data. The low completeness may be
a result of facilities failing to submit all their monthly
reports, as found in this study with only 20% of facili-
ties submitting all 12 reports. Additionally, this could
be influenced by health service delivery standards. In
Uganda for example, HC IIs/Clinics, which constituted
over 70% of our analysis sample, are not expected to rou-
tinely conduct deliveries [33], and may report true zeros.
This factor may also explain the lower data completeness
in private facilities, largely composed of these HC IIs/
clinics. However, other factors such as lack of support,
tools and motivation for reporting, could also contribute
to low reporting rates in private facilities.

Our findings showed that data for deliveries and live-
births were generally consistent across the years, with
some plausible deviations. Notably, the higher numbers
reported in 2021 could be attributed to increased service
utilization, a trend shown in Uganda for facility deliveries
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[10]. These changes may explain outliers, especially in
higher-level facilities. However, outliers could also result
from reporting and data entry errors that should be veri-
fied when reported data fall outside expected ranges.
For example, though not directly related, a comparison
between number of deliveries and livebirths in our study
suggested possible errors, as livebirths were sometimes
20% more or less than the deliveries, and vice versa.
Compared to previous studies in Uganda [7, 34] and
Ghana [35], data completeness in our study was lower,
though comparable to findings from other African stud-
ies [22, 36]. The observed data quality problems could
be attributed to factors such as high work load, lack of
reporting tools, insufficient training and supervision [14,
15, 17].

Regarding maternal deaths, overall completeness was
<2%, indicating that about 98% of reported monthly
values were zeros, especially in PFP facilities. This may
reflect the rarity of maternal deaths, particularly in lower-
level facilities that constituted most PFP facilities in our
sample, which are expected to refer women with compli-
cations to higher-level facilities. However, reporting of
zero values in PFP facilities might also indicate underre-
porting, warranting further verification. The inconsistent
reporting of maternal deaths, particularly in 2021, could
be linked to improved reporting following efforts like
maternal and perinatal death surveillance and response
(MPDSR) strengthening in Kampala and other regions in
Uganda [37]. While MPDSR has been shown to improve
maternal deaths reporting [38], the increase could also
indicate more women are dying in health facilities, as
shown in surveillance reports [37].

However, it remains unclear how well the measured
completeness (non-zero values) reflects accurate report-
ing and classification of all facility-related maternal
deaths. Previous research has pointed to underreport-
ing in facility documentation of maternal deaths [39, 40].
These findings suggest the need for additional verifica-
tion measures to ensure maternal deaths from all causes,
including abortion-related complications, are accurately
reported through routine information systems. Other
maternal death surveillance systems such as weekly sur-
veillance and vital statistics registration should be lever-
aged. The apparent concentration of maternal deaths in
fewer facilities could help target initiatives to improve
data completeness.

Lastly, timeliness of facility reporting remarkably
dropped in 2020, possibly due to the corona virus dis-
ease (COVID-19)-related movement restrictions, which
limited health worker availability in facilities, amidst
fears of acquiring the infection. Staffing challenges have
been reported to negatively affect data quality [16].
Another possible explanation for the drop is the DHIS2
system upgrade in 2020, for which health facilities may
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have been inadequately prepared to effectively imple-
ment. This finding implies that, at expected reporting
times, available data may be inadequate to support deci-
sion making or generation of health statistics. Innova-
tive measures are needed to increase timely submission
of reports while addressing known barriers like workload
and staffing.

Implications of the study findings

Our results showed that data completeness for deliver-
ies and livebirths, was generally low due to a high pro-
portion of facilities not routinely providing childbirth
services. This suggests that routine facility data quality
may vary based on service delivery standards for a given
indicator. Thus, data quality evaluations should consider
these dynamics to better understand quality variations
and make appropriate adjustments when computing esti-
mates. Strengthening reporting and data processes in
EmOC facilities could enhance reliability of routine data
for estimating maternal health indicators like IMMR.
Additional quality enhancement may be gained from
streamlining reporting by PFP facilities, particularly at
lower-levels. To achieve this, collaboration between pri-
vate and public governing bodies, such as professional
councils and local government, will be essential, along
with digital initiatives such as electronic HMIS forms to
overcome challenges like HMIS tools shortages.

Furthermore, the distinction between true zero values
and missing data was unclear, which has implications for
data completeness and related estimates. Future DHIS2
revisions should include system checks to clearly differ-
entiate between the two, with clear instructions for data
entry. Our study suggests validation using completeness
of facility reporting and indicator data, and service lev-
els. The assumption is that zero values in facilities that
routinely/typically provide a given service likely indi-
cate missing data, while they could be true in facilities
that do not regularly provide that service. Specific focus
is needed for facilities with >75% facility reporting but
<90% data completeness. Moreover, DHIS2 should be
improved to better link reporting facilities during system
upgrades to minimise inconsistencies, and enhance real-
time feedback mechanisms for incomplete or inconsis-
tent data, to the facilities generating the data.

We also recommend additional qualitative research
to better understand data flow processes and dynam-
ics across different contexts and service delivery levels.
This would help identify critical points where data qual-
ity losses occur, and guide targeted improvements. Fur-
thermore, our verification of reporting accuracy, limited
to a few facilities, pointed to more inconsistencies in pri-
vate facilities. This warrants further investigation with a
larger and representative sample to determine the level,
distribution, and key determinants of reporting accuracy.
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Evidence suggests that maintaining routine data quality
in lower-level facilities is challenging [17, 22, 25], how-
ever, few studies have assessed routine data quality in
the private sector. In addition to considering expected
service delivery when adjusting reporting completeness
when generating estimates, our findings highlight the
need to correct for likely missing data, which affected
about 30% of EmOC facilities in our study.

Strengths and limitations

Using systematic approaches, this study adds to the evi-
dence on routine data quality in low-resource settings.
Specifically, the study provides insights from an African
city using a sample drawn from a large dataset com-
prised of both public and private facilities. Nonetheless,
the study has the following limitations. First, our analy-
sis sample was drawn only from health facilities that
reported into DHIS2, which is not inclusive of all health
facilities in Kampala city. It is likely that omitted facilities
are lower-level and/or private-for-profit, which generally
provide fewer childbirth services in Kampala [41]. Sec-
ond, the classification of private facilities was based on
the 2018 national master list and some facilities may have
upgraded in that time to a higher level than what was
used in the present study. This may influence estimates
by facility level, but we do not expect this to have hap-
pened in many facilities. Third, we did not assess exter-
nal consistency of the data, which compares routine data
with population-based surveys, because of lack of access
to data from more recent facility or population surveys in
Kampala. Nonetheless, comparison of coverage estimates
based on routine facility data as compared to survey data
or examining related denominators has been explored
[7, 42], highlighting the need for approaches to improve
accuracy of estimates from routine data.

Conclusions

Our study provides relevant information on the quality of
routine health facility data related to maternal mortality.
Routine data reported by facilities providing childbirth
services in Kampala on deliveries, livebirths and mater-
nal deaths were generally sub-optimal, but of better qual-
ity in EmOC facilities. Given the likely underreporting
of maternal deaths, further efforts to verify and count
all facility-related maternal deaths are essential to accu-
rately estimate facility-based maternal mortality, along-
side sustainable MPDSR systems. Data reliability could
be enhanced by improving reporting practices in EmOC
facilities and streamlining reporting processes in PFP
facilities. Further qualitative studies should identify criti-
cal points where data are compromised, and data quality
assessments should consider service delivery standards.
Additional validation checks are needed in DHIS2 to
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distinguish true zero values from missing data, with real-
time feedback mechanisms for reporting facilities.
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