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Background: In many countries in sub-Saharan Africa, the burden of preventable
maternal deaths is still unacceptably high. Most Maternal Mortality Ratio (MMR)
estimates are national, rarely sub-national. This study explores Kenya's 2021
national health facility dataset on maternal deaths and live births for sub-
national variability to describe the pattern and trend in variation in institutional
maternal mortality ratios (iIMMRs).

Methods: Country-wide health facility data on live births and maternal deaths for
2021 were requested from the District Health Information System (DHIS-2).
A descriptive comparison of sub-national (Regional and County) iIMMRs to
national iIMMR was carried out. Against a national average iIMMR for Kenya of
about 100 per 100,000 live births, those regions and counties with an iIMMR
<75 per 100,000 live births were defined as positive outliers, and those with
an iIMMR >125 were defined as negative outliers.

Results: In 2021, 1,162 maternal deaths and 1,174,774 live births occurred within
Kenya's health facilities. The annual national average iIMMR was 99 per 100,000
live births [95% confidence interval (Cl): 93.3, 104.8]. There was sub-national
variability in iIMMR at both regional and county levels. Central, Western and Rift
Valley regions were positive outliers; North-Eastern Coast and Nairobi regions
were negative outliers, while Nyanza and Eastern regions had an iMMR
consistent with the national average. Seventeen counties were positive outliers,
namely Baringo, Siaya, Nyamira, Elgeyo-Marakwet, West Pokot, Nandi, Kiambu,
Laikipia, Nyeri, Samburu, Marsabit, Vihiga, Bungoma, Nyandarua, Kajiado,
Murang’'a and Trans-Nzoia. Ten counties were negative outliers: Tana River,
Mandera, Machakos, Kilifi, Taita—Taveta, Kisumu, Nairobi, Garissa, and Mombasa
and Isiolo. The iIMMR in the remaining twenty counties was consistent with the
national average. The effect sizes of the observed health facility variation were
zero and there was no evidence of month-to-month variation.

Conclusion: There is evidence of sub-national variability in Kenya's iMMRs.
Understanding these reasons for the variability is crucial for developing strategies
for improving maternal health outcomes. If positively deviant behaviours and
practices are identified, they could form the basis for adopting asset-based
approaches such as the positive deviance approach to improve maternal healthcare
delivery processes and outcomes and reduce preventable maternal deaths.
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Introduction

In many sub-Saharan African countries, the burden of
preventable maternal deaths is still unacceptably high. Recent
evidence shows that sub-Saharan Africa (SSA) contributed to
70% of global maternal deaths in 2020 and that SSA’s average
Maternal Mortality Ratio (MMR) of 536 per 100,000 live births
[Uncertainty Interval (UI) of 469-640] is more than twice the
global average MMR of 223 per 100,000 live births (UI: 202-255)
(1). As a result of this high burden of maternal deaths, the
surviving children face adverse health and socioeconomic
outcomes, often lasting more than one generation (2, 3).
Therefore, eliminating preventable maternal deaths has the
potential to safeguard the health and socioeconomic outcomes of
families that would struggle to thrive without a mother.

To successfully implement a strategy for eliminating
preventable maternal deaths, it is crucial to establish accurate
metrics on the number of women dying during and after
childbirth, including where and why they died (4). Global
estimates of country-level maternal mortality ratios (MMRs) are
typically calculated by international agencies such as the United
Nations using multiple sources of data on maternal deaths that
occur in both community and health facility settings (1, 5).
While these country MMR estimates help inform the global
agenda, tracking progress and comparison between countries,
their utility at the sub-national level within individual countries
may be limited (6). In addition, global estimates lack granularity
regarding which deaths occur in the community vs. those at
health facilities (7). The paucity of insight into sub-national data
deaths

contextualised approach to tackling the persistent problem of

and where occur may hinder the focused and
preventable maternal mortality in SSA (8).

To fill this void, models such as the Demographic and Health
Survey (DHS) that use data from national surveys to estimate sub-
national MMR estimates have been proposed (9, 10). Maternal
mortality data reported directly from health facilities have
occasionally been utilised to compute MMR estimates. However,
there are concerns regarding selection bias compared to other data
sources and that institutional data reflects only those women who
can access health facility care (11, 12). Despite these concerns,
institutional data are highly specific to local contextualised
conditions and thus better-suited to inform local policymakers,
clinicians and programs for strengthening health facilities and the
health system (12). Institutional data, such as iMMR, can offer
valuable insights into how delays in receiving appropriate care at a
health facility (third delay) contribute to maternal deaths and
inform quality improvement within health systems (13, 14).

Health systems in low- and middle-income countries have
made significant progress in having women deliver under skilled
birth attendants (15). For example, in Kenya, as per the 2022
Kenya Demographic and Health Survey (KDHS) report, nearly
90% of women deliver under skilled birth attendants (16).
Delivery under the care of skilled birth attendants is associated
with a significant reduction in maternal mortality (17). Countries
with high maternal mortality rates often have low coverage of
skilled birth attendance, whereas countries with low maternal
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mortality rates tend to have high coverage of skilled birth
attendance (18). Despite this achievement in the proportions of
women delivering under skilled birth attendants, some countries,
such as Kenya, paradoxically continue to exhibit high maternal
mortality ratios (19). One explanation is that skilled birth
attendants require an enabling work environment for their
presence at birth to translate into quality care and a reduction in
preventable morbidity and mortality (19-21). An enabling work
environment for skilled birth attendants has been described
as one that provides necessary inputs such as supportive
regulations, policies, infrastructure, communication, referral
systems, logistics, and supplies (19, 22).

In Kenya specifically, evidence from a confidential enquiry into
maternal deaths showed a need for quality improvement at the
health facility level to avert preventable maternal deaths (23).
Specific health facility-level recommendations included Regular
and mandatory healthcare worker updates in emergency obstetric
care, increased availability and safety of blood and blood products,
improved monitoring during the antenatal, intrapartum and
postpartum  periods, especially for

pregnancies, safer anaesthesia, audit and feedback processes and

women with high-risk

improved documentation (23, 24).Following documentation at the
health facility level, health data on key processes and outcomes,
including maternal deaths in Kenya, are reported through the
District Health Information System Software-2 (DHIS-2) for
aggregation nationally (25, 26). Since the enactment of a new
constitution in 2010, healthcare delivery has devolved from the
national government to 47 sub-national governments referred to
as counties (27, 28). Health service delivery is organised into four
levels: Community services, primary health services, county
referral services and national referral services (28). The health
facilities that serve these four levels are categorised into six
categories: Level 1 (Community health facility), Level 2 (Clinics
and dispensaries), Level 3 (Health centres and nursing and
maternity homes), Level 4 (County Hospitals), Level 5 (County
referral hospitals) and Level 6 (National referral, teaching and
specialised hospitals) (29). All these levels have a role to play in
the provision of maternal health care in Kenya.

We postulated that disaggregation of national MMR estimates
into sub-national levels might reveal variability between regions
and health facilities and facilitate the identification of the
most appropriate approaches for improving maternal health
outcomes and, by extension, tackling the causes of preventable
maternal deaths.

While progress in health indices of most countries, including
maternal mortality, is monitored at the national level, there is
potential benefit in exploring variability within countries (sub-
national level) for the purpose of ensuring equity in the
distribution and use of health resources and tracking progress
(8). Learning from sub-national variability may also provide
unique behavioural and practice insights from those accessing
and/or delivering maternal healthcare (30). Variability is defined
by assessing the performance of an entity, such as a health
facility, in relation to an expected performance or set target (31).
The terms used to describe variability include high or low,
positive or negative outlier or positive or negative deviance
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depending on the extent of deviation from the expected
performance or set target (31-33). Unique behavioural and
practice insights from positive outlier regions or health facilities
may help the negative outliers to solve shared challenges with the
overall effect of improving maternal health outcomes through a
positive deviance approach (30, 34-36). Such a shared challenge
may be maternal mortality, with positive outlier regions, counties
and health facilities providing insights for improving the negative
outlier ones.

This study explores Kenya’s 2021 national health facility
dataset on maternal deaths and live births for sub-national
variability to describe the pattern and trend of variation in
Institutional Maternal Mortality Ratios (iMMRs). We posed the
following three research questions (RQ): (1) What is the pattern
of sub-national variation in iMMR in Kenya? (2) What is the
pattern of iMMR variation by health facility level? and (3) What
is the pattern of month-to-month county iMMR variation?

Methods

The research protocol for this work was reviewed by the
University of Birmingham (Reference ERN_22-0550) and the
Kenyatta National Hospital—University of Nairobi Ethics and
Research Committee (ERC) (Reference KNH-ERC/RR/712). This
work was conducted under the National Commission for Science,
Technology, and Innovation (NACOSTI) license number
NACOSTI/P/22/20651.

In October 2022, we submitted a DHIS2 data access request to
the Division of Research and Development team via the office of
the Director General, Ministry of Health, Kenya. The data access
was authorised under reference MOH/ADM/1/1/82 (263).

The specific datasets requested for this project included:
Healthcare facility by name and level, the total number of
maternal deaths per facility for 12 months by facility (the latest
complete annual dataset) and the total number of live births per

facility for the same period as the maternal deaths.

Data preparation

After exploring the data for completeness, we categorised the
health facilities by county using the Ministry of Health facility
list and categories (Level 1 to Level 6). Kenya operates two levels
of Government—national and county with the latter being the
most relevant for healthcare system administration as it is a
devolved function (37). We then collated the total institutional
maternal deaths and live births per health facility, which we
aggregated by county and region. iMMR was computed as (total
maternal deaths/total live births) ¥100,000 live births.

Statistical analysis

Data analysis was performed using Stata statistical software,
release 17 (StataCorp. LLC, College Station, TX, USA). We
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calculated and presented graphically the 95% Confidence Interval
(CI) for each of the county and regional iMMR values,
conducted a meta-analysis of iMMRs by health facility level, and
compared mean monthly iMMRs. Standard STATA statistical
commands were utilized and are available upon request to the
corresponding author.

Outlier identification

Although a range of statistical and non-statistical methods have
been proposed for outlier identification, there is no defined gold-
standard method (31, 33, 38, 39). In our study, using the
national average iMMR as the reference, we defined a positive
outlier as when an iMMR was 25 centiles less than the national
iMMR and a negative outlier as when an iMMR was 25 centiles
greater than the national iMMR. iMMRs falling in between the
two cut-offs were determined to be consistent with the
national average.

Against a national average iMMR for Kenya of around 100 per
100,000 live births, those regions, or counties with an iMMR <75
per 100,000 live births were defined as positive outliers, and
those with an iMMR >125 were defined as negative outliers.

We did not conduct a health facility-to-health facility level
analysis. The reasoning behind this decision was that maternal
deaths are few between facilities, making it more likely to
identify the mothers who died, leading to a breach of
confidentiality. This approach is similar to that of the Centres for
Disease Control and Prevention (CDC), which advises against
presenting or publishing death counts or rates of nine or fewer
for sub-national geography (40). In addition, few numbers of
maternal deaths may lead to small sample size bias, statistical
imprecision and flawed inferences (41).

Results

We analysed 1,162 maternal deaths, and 1,174,774 live births
reported to the DHIS2 from facilities where maternal deaths
occurred in 2021. The health facilities consisted of private, faith-
based/mission, and public health facilities across all the 47
counties of Kenya. A total of 323 health facilities were distributed
as 49 level 2, 53 level 3, 197 level 4, 19 level 5, and 5 level 6
health facilities.

We present the results of our analysis of sub-national variation
in iMMR below in four parts: Regional, county, health facility, and
month-to-month variation.

Regional level variation

The computed regional institutional maternal mortality ratios
(iMMRs) and the corresponding 95% confidence intervals are
presented in Table 1.

Overall, we found that there was regional variation in iMMR.
The region that had the lowest iMMR was Central Kenya at 58.6
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TABLE 1 Computed regional iMMR (95% CI) estimates.

Institutional | iIMMR (95% Cl)

live

Institutional
maternal

Region

deaths (n) births (n)
Coast 172 116,768 147.3 (126.1,171.0)
North Eastern 83 56,380 147.2 (117.3,182.5)
Eastern 142 136,688 103.9 (87.5,122.4)
Central 72 122,968 58.6 (45.8,73.7)
Rift Valley 236 315,172 74.9 (65.6,85.1)
Western 94 127,371 73.8 (59.6,90.3)
Nyanza 159 173,862 91.5 (77.8,106.8)
Nairobi 204 125,565 162.5 (141.0,186.3)
National 1,162 1,174,774 98.9 (93.3,104.8)

(95% CI 45.8-73.7), and the highest was Nairobi at 162.5 (95% CI
141.0-186.3). Based on the defined cut-offs, Central 58.6 (95% CI:
45.8, 73.7), Western 73.8 (95% CI: 59.6, 90.3), and Rift Valley 74.9
(95% CI: 65.6, 85.1) regions were positive outliers; and North-
Eastern 147.2 (95% CI: 117.3, 182.5), Coast 147.3 (95% CI: 126.1,
171.0) and Nairobi 162.5 (95% CI: 141.0, 186.3) were negative
outliers, while Nyanza 91.5 (95% CI: 77.8, 106.8) and Eastern
regions 103.9 (95% CI: 87.5, 122.4) had iMMR consistent with
the national average (Table 1, Figure 1).

County-level variation

The computed county institutional maternal mortality ratios
(iMMRs) and the corresponding 95% confidence intervals are
presented in Table 2.

10.3389/fgwh.2025.1481495

Overall, we found that there was variation in county-level
iMMR. The lowest iMMR was Baringo at 22 1(95% CI: 4.6-
65.5), and the highest was Isiolo at 199 1(95% CI: 79.7-105.8).

Based these cut-offs, seventeen counties, including Baringo,
Siaya, Nyamira, Elgeyo-Marakwet, West Pokot, Nandi, Kiambu,
Laikipia, Nyeri, Samburu, Marsabit, Vihiga, and Bungoma,
Nyandarua, Kajiado, Murang’a and Trans-Nzoia were determined
to be positive outliers, with their iMMR ranging from 22.4 [95%
CL (4.6, 65.5) to 71.2 60.7 (95% CI 39.8, 117.4) (41.2, 86.1)].
Ten counties, including Tana River, Mandera, Machakos, Kilifi,
Taita—Taveta, Kisumu, Nairobi, Garissa, and Mombasa and
Isiolo, were determined to be negative outliers, with their iMMR
ranging between 137.044.8 (95% CI: 65.7111, 0.251.8185.6) and
199.18.4 (95% CI: 102.952.2, 347.6254.3). The remaining 20
counties were found to have an iMMR consistent with the
national average. These counties were Kwale, Lamu, Wajir, Meru,
Tharaka—Nithi, Embu, Kitui, Makueni, Kirinyaga, Turkana,
Uasin Gishu, Nakuru, Narok, Kericho, Bomet, Kakamega, Busia,
Homa Bay, Migori and Kisii.

The graphical representation of regional iMMRs vs. National
iMMR is in Figure 2.

Health facility level variation

Overall, we found that there was iMMR variation by health
facility level. Level 6 and level 2 health facilities contributed the
greatest proportion of institutional maternal deaths. Although
there was variation in the relative contribution of various levels,

Comparison of regional iIMMRs versus national IMMR
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FIGURE 1
Variation in sub-national iIMMR at the regional level. National and regional areas of Kenya displayed graphically providing the iMMR values (dots) and
corresponding 95% confidence intervals (interval lines around the iIMMR dots).
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TABLE 2 Computed county iMMR (95% CI) estimates.

County code County Institutional maternal deaths (n) Institutional live births (n) iMMR (95% Cl)
001 Mombasa 62 31,243 198.4 (152.2,254.3)
002 Kwale 23 23,485 97.9 (62.1,146.9)
003 Kilif 62 42,817 144.8 (111.0,185.6)
004 Tana River 10 7,300 137.0 (65.7,251.8)
005 Lamu 4 4,404 90.8 (24.8, 232.4)
006 Taita-Taveta 11 7,519 146.3 (73.1,261.6)
007 Garissa 43 23,419 183.6 (132.9,247.2)
008 Wajir 11 11,851 92.8 (46.3, 166.0)
009 Mandera 29 21,110 137.4 (92.0, 197.2)
010 Marsabit 5 9,269 53.9 (17.5,125.8)
011 Isiolo 12 6,026 199.1 (102.9, 347.6)
012 Meru 29 31,265 92.8 (62.1, 133.2)
013 Tharaka-Nithi 12 9,618 124.8 (64.5, 217.8)
014 Embu 10 12,003 83.3 (40.0, 153.2)
015 Kitui 17 21,515 79.0 (46.0, 126.5)
016 Machakos 38 26,773 141.9 (100.5, 194.8)
017 Makueni 19 20,219 94,0 (56.6, 146.7)
018 Nyandarua 7 11,152 62.8 (25.2,129.3)
019 Nyeri 8 16,502 48.5 (20.9,95.5)
020 Kirinyaga 15 13,359 112.3 (62.9,185.1)
021 Murang’a 13 19,457 66.8 (35.6,114.2)
022 Kiambu 29 62,498 46.4 (31.1,66.6)
023 Turkana 27 23,492 114.9 (75.8,167.2)
024 West Pokot 8 18,209 43.9 (19.0,86.6)
025 Samburu 4 8,004 50.0 (13.6, 127.9)
026 Trans-Nzoia 15 21,077 71.2 (39.8,117.4)
027 Uasin Gishu 28 30,441 92.0 (61.1, 132.9)
028 Elgeyo-Marakwet 4 11,484 34.8 (9.5,89.2)
029 Nandi 6 16,253 36.9 (13.6,80.3)
030 Baringo 3 13,393 22.4 (4.6,65.5)
031 Laikipia 8 16,926 47.3 (20.4,93.1)
032 Nakuru 49 59,819 81.9 (60.6,108.3)
033 Narok 24 24,129 99.5 (63.7, 148.0)
034 Kajiado 19 29,368 64.7 (39.0,101.0)
035 Kericho 23 22,574 101.9 (64.6, 152.8)
036 Bomet 18 20,003 90.0 (53.3,142.2)
037 Kakamega 37 45,123 82.0 (57.7, 113.0)
038 Vihiga 7 11,912 58.8 (23.6, 121.0)
039 Bungoma 31 51,074 60.7 (412, 86.1)
040 Busia 19 19,262 98.6 (594, 154.0)
041 Siaya 9 27,538 32.7 (15.0, 62.0)
042 Kisumu 53 33,356 158.9 (119.0, 207.8)
043 Homa Bay 25 27,962 89.4 (57.9, 132.0)
044 Migori 32 39,102 81.8 (56.0, 115.5)
045 Kisii 35 30,885 113.3 (79.0, 157.6)
046 Nyamira 5 15,019 33.3 (1038, 77.7)
047 Nairobi 204 125,565 162.5 (141.0, 186.3)
n/a National 1,162 1,174,774 98.9 (933, 104.8)

the effect sizes were zero, implying limited practical application of  Month to month iMMR variation
this finding.
These findings are summarised in Table 3 and the meta- Opverall, there was no evidence of month-to-month variation in
analysis presented in Figure 3. iMMR. The findings are illustrated in Figure 4.
Note: There were no maternal deaths reported from level 1
facilities. The 1iv§ births figure at county and regional levels Discussion
(n=1,174,774) differs from the figure above (n =544, 239)
because it includes births that occurred at all facilities (those that We aimed to explore Kenya’s institutional maternal mortality
reported maternal deaths and those that did not). ratios (iMMRs) for sub-national variability. We conducted our
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Comparison of county iMMRs versus national iMMR
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FIGURE 2
Variation in sub-national iIMMR at the county level. National and county areas of Kenya are represented in the graph providing the iIMMR values (dots)
and corresponding 95% confidence intervals (interval lines around the iIMMR dots).

TABLE 3 Computed health facility level iMMR (95% CI) estimates.

iMMR (95% ClI)

Institutional
live
births (n)

Institutional
maternal
deaths (n)

Level of
health
facility®

Level 6 189 27,671 683.0 (589.4, 787.2)
Level 5 173 81,132 213.2 (182.7, 247.4)
Level 4 624 381,233 163.7 (151.1, 177.03)
Level 3 94 34,076 275.9 (223.0, 337.5)
Level 2 82 20,127 407.4 (324.2, 505.5)
Level 1 0 - —

All facilities 1,162 544,239 213.5 (201.4, 226.1)

“Level 1 (Community health facility), Level 2 (Clinics and dispensaries), Level 3 (Health
centres and nursing and maternity homes), Level 4 (County Hospitals), Level 5 (County
referral hospitals) and Level 6 (National referral, teaching and specialised hospitals).

analysis at the regional, county and aggregated health facilities by
level avoiding individual health facility comparisons. This
approach in the analysis was because healthcare governance and
(37). We avoided
individual health facility comparisons as a good practice to

implementation are devolved functions

minimise the risk of breach of confidentiality, especially at health
facilities that had few maternal deaths (4, 40). We felt that such
an analysis would have required consent or ethical approval by
each of the participating health facilities.

Our analysis of the 2021 maternal deaths and live births data
for Kenya established the following key findings: (1) there is
evidence of sub-national variability in institutional maternal
mortality ratios at regional and county levels; (2) here is evidence
of variation in the relative contribution to the overall iMMRs by
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the various levels of health facilities. However, the effect size was
zero, implying limited practical application of this finding; (3)
the monthly mean iMMR trend did not reveal any variation.

To contextualise, Kenya has had two Confidential Enquiry
into Maternal Deaths (CEMD) reports on deaths between 2014
and 2016 (23, 24). The analysis in both reports hints about the
presence of regional variation, with most maternal deaths
occurring within the Rift Valley, Western and Coast regions
(23). Regional administrative boundaries have been historical
since the promulgation of Kenya’s new constitution in 2010,
when healthcare governance was devolved into the county-level
(37). Therefore,
provided more insight into the pattern and causes of sub-

a county-by-county analysis would have

national variability.

Despite this, there were commonalities in both CEMD reports
regarding the most frequent causes of death and the association of
maternal deaths with healthcare worker-related factors (23, 24).
The leading causes of maternal deaths nationally were obstetric
haemorrhage (39.7%), hypertensive disorders (15.3%), and non-
obstetric complications (19.8%) (23, 24). The healthcare worker-
related factors included delays in starting treatment (32.9%),
inadequate monitoring (26.9%), inadequate clinical skills (28.1%),
prolonged abnormal observation without action (23.6%), and
incomplete initial assessment (22.7%) (7, 24). Therefore, based
on the CEMD evidence, we postulate that a possible explanation
for the sub-national variability in iMMR is differences in
healthcare worker-related factors within the health facilities in

the various counties.
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IMMR meta-analysis by health facility levels
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FIGURE 3
Meta-analysis of institutional maternal mortality ratios (iIMMRs) and 95% ClI for the level of facilities. Level 1 is a community health facility. Level 2 is
dispensaries and private clinics. Level 3 is health centres. Level 4 is sub-county hospitals and nursing homes. Level 5 is County referral hospitals,
teaching and referral hospitals, and Level 6 is the National Referral Hospital

The reasons for the regional and county level variability in
iMMRs in Kenya could not be determined using the provided
data. Existing literature acknowledges diversity in maternal
health indices such as maternal deaths and cites various
explanatory reasons for such variability. These reasons include
sub-national variations in political commitment to reducing

health
to healthcare,

maternal mortality, system status and resilience,

inequitable access poverty, and education
(42-45). Temporal variability in maternal mortality may also be
influenced by seasonal factors such as weather and the burden
of seasonal infectious diseases like malaria, political instability,
conflict, and healthcare worker strikes (46-48). Factors within
health facilities include variations in service delivery such as triage,
monitoring, and referral; availability of life-saving medications,
equipment and blood transfusion; and staffing-related issues such
as absence, competence and supervision of juniors (20, 23, 24).
There is a need to further examine and compare Kenya’s counties

to explain the spatial and temporal variability in iMMRs and their
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potential application to tackling the and factors

contributing to maternal mortality within counties.

causes

Regarding the observed variation between various levels of
health facilities, we postulate that this may reflect the status
referral system where complicated cases are referred upwards and
often arrive late for the case of level 6 health facilities. On the
other hand, level 2 facilities are dispensaries. Although the
dispensaries are closest to the community, they may be ill-
equipped to handle even basic obstetric emergencies. The
maternal healthcare referral system may cushion level 4 and 5
health facilities because they can refer complex cases upwards to
level 6 facilities. Our meta-analysis revealed no effect size,
implying that the variations in iMMR at the health facility level
are likely to be of limited practical application.

A recent study that analysed pregnancy outcomes in
health facility deliveries in Kenya and Uganda found that more
pre-discharge deaths occurred after a maternal referral and
following a caesarean section (49). Referred mothers are especially
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FIGURE 4
Month-to-month variation in mean iIMMRs. National monthly iMMRs for Kenya in the year 2021 are represented in the graph providing the IMMR values
(dots) and corresponding 95% confidence intervals (interval lines around the iIMMR dots).

at risk because of sub-optimal care in ill-equipped lower-level health
facilities and bottlenecks within the referral pathway (50).

the
unexpected, given evidence from Mozambique and Burkina

Finally, lack of month-to-month variation was
Faso linking seasonal iMMR fluctuations to income declines,
healthcare access barriers, and malaria-related maternal deaths
(46, 51, 52). We did not find published work examining
seasonality and maternal mortality in Kenya. We postulate that
our finding of the absence of month-to-month variation may be
due to the low number of maternal deaths per month or the
limited one-year study period.

Strengths and weaknesses

The use of data from DHIS2 could be both a strength and a
weakness. A strength in that this approach minimises the
potential hawthorne effect if we were to collect these data
directly from the healthcare facilities (53). We acknowledge the
limitations in using such an approach as the quality and
completeness of data are not directly verifiable at the point of the
event and data entry (23). The subject of maternal death is prone
to “shame” and “blame” at the health facility level, further
increasing the risk of underreporting and selective reporting due
to fear of the consequences (54). In addition, research that
utilises secondary data is prone to researcher bias due to its
exploratory nature (55).

While DHIS2 is a pragmatic source of health facility data,
studies from Kenya, South Africa and Nigeria, have highlighted
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its limitations such as incomplete and inconsistent reporting
across facilities and data duplication (56-59). We postulate that
one possible source of duplication and inconsistency is when a
mother is referred from one facility and dies en route to
another, with both facilities potentially reporting her data to
DHIS2—It was unclear to us how such cases were managed.
should be
awareness of these data quality concerns especially since it was

Therefore, our findings interpreted with the
not possible for us to authenticate data accuracy from its input

at the health facility or its processing at the Ministry of Health.

Suggestions for future research

Future research should consider exploring the explanations of
sub-national variation in iMMR, especially between health
facilities that are near similar levels. Ideally, they should identify
shared challenges and unique practices and behaviours that may
explain variations where challenges are similar.

In addition, future research should consider comparing iMMR
between public, private, and faith-based/mission hospitals and
explanations for any observed differences. Such a comparison could
offer unique insights into how different hospitals address shared
challenges, creating an avenue for collaborative improvement in
maternal health outcomes. Consent or ethical approval from the
participating health facilities would be necessary as there is potential
breach of confidentiality where the maternal deaths are in single digits.

Additionally, future studies should explore linking health facility
data with geographical and socio-demographic determinants within
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their catchment areas to enhance the understanding of factors
contributing to the observed sub-national variation in iMMR. Data
from the national census or demographic and health surveys could
be considered for that linkage. Future research on seasonal
variation in maternal mortality should compare data on similar
months or seasons over two or more years, not a single year.
Finally, research is required to improve the quality of
health facility data reporting and processing and quality

control mechanisms.

Conclusion

There is evidence of sub-national variability in Kenya’s iMMRs
at regional and county levels and between various health facility
levels in the referral system. This variability presents an
opportunity to explore the reasons for any observed positive and
negative variability. Understanding these reasons is crucial for
developing alternative and targeted strategies for improving
maternal health outcomes. If positively deviant behaviours and
practices are identified, they could form the basis for adopting
asset-based approaches such as the positive deviance approach to
improve maternal healthcare delivery processes and outcomes
and reduce preventable maternal deaths.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: The data set used in this study contains
individual health facility data. These data are available from the
Division of Research & Innovation, Ministry of Health, Kenya,
upon application and approval by the Director General of
Health. Requests to access these datasets should be directed to
Head of Division of Research and Innovation via the Director
General, Ministry of Health, Kenya. Afya House, Cathedral
Road P.O Box 30016—00100 Nairobi, Kenya https://www.health.
go.ke/contact-us.

Ethics statement

The studies involving humans were approved by the University
of Birmingham (Reference ERN_22-0550) and the Kenyatta
National Hospital—University of Nairobi Ethics and Research
Committees (ERC) (Reference KNH-ERC/RR/712). This work
was conducted under the National Commission for Science,
Innovation (NACOSTI)
The
local

Technology, and license number
NACOSTI/P/22/20651.
with  the

requirements. Written informed consent for participation was

studies were conducted in

accordance legislation and institutional
not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation

and institutional requirements.

Frontiers in Global Women's Health

10.3389/fgwh.2025.1481495

Author contributions

FGM: Conceptualization, Data curation, Formal analysis,
Methodology, Project administration, Visualization, Writing -
original draft, Writing - review & editing. CE: Data curation,
Formal analysis, Software, Supervision, Visualization, Writing —
review & editing. AO: Supervision, Writing - review & editing.
ZQ: Supervision, Writing - review & editing. AD: Supervision,
review &

Writing - editing. AC: Funding acquisition,

Methodology, Resources, Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Institute of Global Innovation (IGI),
University of Birmingham, as part of FM’s Doctoral Research
Fellowship. Professor Arri Coomarasamy holds a Bill and
Melinda Gates Foundation Grant—award number INV-001393.
MG received a changemaker award from the Ammalife charity to
support the primary study of his PhD project in Kenya. The
Ammalife Charity, Institute of Global Innovation and the Bill
and Melinda Gates Foundation had no role in the study design,
data analysis,
manuscript preparation, or the decision to publish.

collection and interpretation of findings,

Acknowledgments

Dr Patrick Amoth, Director General, Ministry of Health Kenya,
for approving DHIS2 data access request. Dr Joyce Wamicwe,
Joseph Sitienei and Jeremiah Mumo for processing the DHIS2
data access request.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://www.health.go.ke/contact-us
https://www.health.go.ke/contact-us
https://doi.org/10.3389/fgwh.2025.1481495
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Muriithi et al.

References

1. United Nations Maternal Mortality Estimation Inter-Agency Group. Trends in
maternal mortality 2000 to 2020: estimates by WHO, UNICEF, UNFPA, World Bank
Group and UNDESA/Population Division. World Health Organization (2023).
Available online at: https://apps.who.int/iris/handle/10665/366225 (Accessed August
16, 2024).

2. Bazile ], Rigodon ], Berman L, Boulanger VM, Maistrellis E, Kausiwa P, et al.
Intergenerational impacts of maternal mortality: qualitative findings from rural
Malawi. Reprod Health. (2015) 12(Suppl 1):S1. doi: 10.1186/1742-4755-12-S1-S1

3. Miller S, Belizan JM. The true cost of maternal death: individual tragedy impacts
family, community and nations. Reprod Health. (2015) 12:56. doi: 10.1186/s12978-
015-0046-3

4. World Health Organization. Strategies towards ending preventable maternal
mortality (EPMM). World Health Organization (2015). Available online at: https://
apps.who.int/iris/handle/10665/153544 (Accessed August 16, 2024).

5. Mgawadere F, Kana T, van den Broek N. Measuring maternal mortality: a
systematic review of methods used to obtain estimates of the maternal mortality
ratio (MMR) in low- and middle-income countries. Br Med Bull. (2017) 122(1):1.
doi: 10.1093/bmb/1dx004

6. Mola G, Kirby B. Discrepancies between national maternal mortality data and
international estimates: the experience of Papua New Guinea. Reprod Health
Matters. (2013) 21(42):191-202. doi: 10.1016/S0968-8080(13)42725-8

7. Serbanescu F, Monet JP, Whiting-Collins L, Moran AC, Hsia ], Brun M. Maternal
death surveillance efforts: notification and review coverage rates in 30 low-income and
middle-income countries, 2015-2019. BMJ Open. (2023) 13(2):¢066990. doi: 10.1136/
bmjopen-2022-066990

8. Okiro EA. Estimates of subnational health trends in Kenya. Lancet Glob Health.
(2019) 7(1):e8-9. doi: 10.1016/S2214-109X(18)30516-3

9. Ahmed S, Hill K. Maternal mortality estimation at the subnational level: a model-
based method with an application to Bangladesh. Bull World Health Organ. (2011)
89(1):12-21. doi: 10.2471/BLT.10.076851

10. Gebremedhin S. Development of a new model for estimating maternal mortality
ratio at national and sub-national levels and its application for describing sub-national
variations of maternal death in Ethiopia. PLoS One. (2018) 13(8):¢0201990. doi: 10.
1371/journal.pone.0201990

11. Say L, Chou D, Gemmill A, Tungalp O, Moller AB, Daniels J, et al. Global causes
of maternal death: a WHO systematic analysis. Lancet Glob Health. (2014) 2(6):
€323-33. doi: 10.1016/52214-109X(14)70227-X

12. Bailey PE, Andualem W, Brun M, Freedman L, Gbangbade S, Kante M, et al.
Institutional maternal and perinatal deaths: a review of 40 low and middle-income
countries. BMC Pregnancy Childbirth. (2017) 17(1):295. doi: 10.1186/s12884-017-1479-1

13. Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc Sci
Med. (1994) 38(8):1091-110. doi: 10.1016/0277-9536(94)90226-7

14. Danna V A, Bedwell C, Wakasiaka S, Lavender T. Utility of the three-delays model
and its potential for supporting a solution-based approach to accessing intrapartum care
in low- and middle-income countries. A qualitative evidence synthesis. Glob Health
Action. (2020) 13(1):1819052. doi: 10.1080/16549716.2020.1819052

15. World Health Organization (WHO), United Nations Children’s Fund
(UNICEF). UNICEF/WHO Joint Database on SDG 3.1.2 Skilled Attendance at Birth.
Delivery Care. New York (NY): UNICEF (2023). Available online at: https://data.
unicef.org/topic/maternal-health/delivery-care/ (Accessed August 16, 2024).

16. Kenya National Bureau of Statistics N, Kenya, Ministry of Health, Nairobi,
Kenya, The DHS Program, ICF, Rockville, Maryland, USA. Kenya Demographic
and Health Survey 2022 (2023). Available online at: https://www.knbs.or.ke/reports/
kdhs-2022/ (Accessed August 16, 2024).

17. Berhan Y, Berhan A. Skilled health personnel attended delivery as a proxy
indicator for maternal and perinatal mortality: a systematic review. Ethiop ] Health
Sci. (2014) 24(Suppl):69-80. doi: 10.4314/ejhs.v24i0.7s

18. Souza JP, Day LT, Rezende-Gomes AC, Zhang J, Mori R, Baguiya A, et al. A global
analysis of the determinants of maternal health and transitions in maternal mortality.
Lancet Glob Health. (2024) 12(2):¢306-16. doi: 10.1016/S2214-109X(23)00468-0

19. Munabi-Babigumira S, Glenton C, Lewin S, Fretheim A, Nabudere H. Factors
that influence the provision of intrapartum and postnatal care by skilled birth
attendants in low- and middle-income countries: a qualitative evidence synthesis.
Cochrane Database Syst Rev. (2017) 11(11):CD011558. doi: 10.1002/14651858.
CD011558.pub2

20. Muriithi FG, Banke-Thomas A, Gakuo R, Pope K, Coomarasamy A, Gallos ID.
Individual, health facility and wider health system factors contributing to maternal
deaths in Africa: a scoping review. PLOS Glob Public Health. (2022) 2(7):¢0000385.
doi: 10.1371/journal.pgph.0000385 (Erratum in: PLOS Glob Public Health. 2024;4
(7):¢0003477. doi: 10.1371/journal.pgph.0003477).

21. World Health Organization. Standards for improving quality of maternal and
newborn care in health facilities. World Health Organization (2016). Available
online at: https://iris.who.int/handle/10665/249155 (Accessed August 16, 2024).

Frontiers in Global Women's Health

10

10.3389/fgwh.2025.1481495

22. Maclean GD. The challenge of preparing and enabling ’skilled attendants’ to
promote safer childbirth. Midwifery. (2003) 19(3):163-9. doi: 10.1016/s0266-6138
(03)00036-6

23. Ameh CA, Meka RJ, West F, Dickinson F, Allott H, Godia P. A synthesis of
clinical and health system bottlenecks to implementing new WHO postpartum
hemorrhage recommendations: secondary data analysis of the Kenya confidential
enquiry into maternal deaths 2014-2017. Int J Gynaecol Obstet. (2022) 158(Suppl
1):14-22. doi: 10.1002/ijgo.14270

24. Ministry of Health Kenya 2017: Saving Mothers Lives 2017. First Confidential
Report into Maternal Deaths in Kenya. Available online at: https://familyhealth.go.
ke/wp-content/uploads/2018/02/CEMD-Main-Report-Sept-3-FINAL-Full-Report.pdf
(Accessed August 16, 2024).

25. Karuri J, Waiganjo P, Orwa D, Manya A. DHIS2: the tool to improve health data
demand and use in Kenya. J Health Inform Dev Ctries. (2014) 8(1):38-60. Available
online at: https://www.jhidc.org/index.php/jhidc/article/view/113

26. Smith H, Ameh C, Godia P, Maua J, Bartilol K, Amoth P, et al. Implementing
maternal death surveillance and response in Kenya: incremental progress and lessons
learned. Glob Health Sci Pract. (2017) 5(3):345-54. doi: 10.9745/GHSP-D-17-00130

27. Laws of Kenya. The constitution of Kenya: 2010. Available online at: http://www.
parliament.go.ke/sites/default/files/2017-05/The_Constitution_of_Kenya_2010.pdf
(Accessed August 16, 2024).

28. McCollum R, Theobald S, Otiso L, Martineau T, Karuga R, Barasa E, et al.
Priority setting for health in the context of devolution in Kenya: implications for
health equity and community-based primary care. Health Policy Plan. (2018)
33(6):729-42. doi: 10.1093/heapol/czy043

29. Kenya Government. Kenya Gazette; 2020: Categorization of facilities. Available
online at: https://kenyalaw.org/kenya_gazette/gazette/volume/MjA4Mw-/Vol.CXXII-
No.24/ (Accessed August 16, 2024).

30. Muriithi FG, Banke-Thomas A, Forbes G, Gakuo RW, Thomas E, Gallos ID,
et al. A systematic review of behaviour change interventions to improve maternal
health outcomes in sub-saharan Africa. PLOS Glob Public Health. (2024) 4(2):
€0002950. doi: 10.1371/journal.pgph.0002950

31. Pavlou M, Ambler G, Omar RZ, Goodwin AT, Trivedi U, Ludman P, et al.
Outlier identification and monitoring of institutional or clinician performance: an
overview of statistical methods and application to national audit data. BMC Health
Serv Res. (2023) 23(1):23. doi: 10.1186/s12913-022-08995-z

32. Lawton R, Taylor N, Clay-Williams R, Braithwaite J. Positive deviance: a
different approach to achieving patient safety. BMJ Qual Saf. (2014) 23(11):880-3.
doi: 10.1136/bmjqs-2014-003115

33. Foster BA, Seeley K, Davis M, Boone-Heinonen J. Positive deviance in health
and medical research on individual level outcomes—a review of methodology. Ann
Epidemiol. (2022) 69:48-56. doi: 10.1016/j.annepidem.2021.12.001

34. Bradley EH, Curry LA, Ramanadhan S, Rowe L, Nembhard IM, Krumholz HM.
Research in action: using positive deviance to improve quality of health care.
Implement Sci. (2009) 4:25. doi: 10.1186/1748-5908-4-25

35. Positive Deviance Collaborative. What is positive deviance? 2021. Available
online at: https://positivedeviance.org/ (Accessed August 16, 2024).

36. Pascale RT, Sternin J, Sternin M. The Power of Positive Deviance: How Unlikely
Innovators Solve the World’s Toughest Problems. Harvard Business Press (2010). Available
online at: https://hbsp.harvard.edu/product/1066-PDF-ENG (Accessed August 16, 2024).

37. Masaba BB, Moturi JK, Taiswa ], Mmusi-Phetoe RM. Devolution of healthcare
system in Kenya: progress and challenges. Public Health. (2020) 189:135-40. doi: 10.
1016/j.puhe.2020.10.001

38. Aguinis H, Gottfredson RK, Joo H. Best-practice recommendations for defining,
identifying, and handling outliers. Organ Res Methods. (2013) 16(2):270-301. doi: 10.
1177/1094428112470848

39. Massara P, Asrar A, Bourdon C, Ngari M, Keown-Stoneman CDG, Maguire JL,
et al. New approaches and technical considerations in detecting outlier measurements
and trajectories in longitudinal children growth data. BMC Med Res Methodol. (2023)
23(1):232. doi: 10.1186/s12874-023-02045-w

40. Centers for Disease Control and Prevention. About Underlying Cause of Death,
1999-2020 CDC WONDER. Available online at: https://wonder.cdc.gov/ucd-icd10.
html (Accessed August 16, 2024).

41. Catalogue of Bias Collaboration, Spencer EA, Brassey J, Mahtani K, Heneghan C.
‘Wrong sample size bias. In: Nunan D, Heneghan C, editors. Catalogue of Bias. Oxford:
Centre for Evidence-Based Medicine, University of Oxford (2017). Available online at:
https://catalogofbias.org/biases/wrong-sample-size-bias/ (Accessed August 16, 2024).

42. Graham W, Woodd S, Byass P, Filippi V, Gon G, Virgo S, et al. Diversity and
divergence: the dynamic burden of poor maternal health. Lancet. (2016)
388(10056):2164-75. doi: 10.1016/S0140-6736(16)31533-1

43. Ronsmans C. Graham W], Lancet Maternal Survival Series steering group.
Maternal ~ mortality: ~ who, when, where, and why. Lancet. (2006)
368(9542):1189-200. doi: 10.1016/S0140-6736(06)69380-X

frontiersin.org


https://apps.who.int/iris/handle/10665/366225
https://doi.org/10.1186/1742-4755-12-S1-S1
https://doi.org/10.1186/s12978-015-0046-3
https://doi.org/10.1186/s12978-015-0046-3
https://apps.who.int/iris/handle/10665/153544
https://apps.who.int/iris/handle/10665/153544
https://doi.org/10.1093/bmb/ldx004
https://doi.org/10.1016/S0968-8080(13)42725-8
https://doi.org/10.1136/bmjopen-2022-066990
https://doi.org/10.1136/bmjopen-2022-066990
https://doi.org/10.1016/S2214-109X(18)30516-3
https://doi.org/10.2471/BLT.10.076851
https://doi.org/10.1371/journal.pone.0201990
https://doi.org/10.1371/journal.pone.0201990
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1186/s12884-017-1479-1
https://doi.org/10.1016/0277-9536(94)90226-7
https://doi.org/10.1080/16549716.2020.1819052
https://data.unicef.org/topic/maternal-health/delivery-care/
https://data.unicef.org/topic/maternal-health/delivery-care/
https://www.knbs.or.ke/reports/kdhs-2022/
https://www.knbs.or.ke/reports/kdhs-2022/
https://doi.org/10.4314/ejhs.v24i0.7s
https://doi.org/10.1016/S2214-109X(23)00468-0
https://doi.org/10.1002/14651858.CD011558.pub2
https://doi.org/10.1002/14651858.CD011558.pub2
https://doi.org/10.1371/journal.pgph.0000385
https://iris.who.int/handle/10665/249155
https://doi.org/10.1016/s0266-6138(03)00036-6
https://doi.org/10.1016/s0266-6138(03)00036-6
https://doi.org/10.1002/ijgo.14270
https://familyhealth.go.ke/wp-content/uploads/2018/02/CEMD-Main-Report-Sept-3-FINAL-Full-Report.pdf
https://familyhealth.go.ke/wp-content/uploads/2018/02/CEMD-Main-Report-Sept-3-FINAL-Full-Report.pdf
https://www.jhidc.org/index.php/jhidc/article/view/113
https://doi.org/10.9745/GHSP-D-17-00130
http://www.parliament.go.ke/sites/default/files/2017-05/The_Constitution_of_Kenya_2010.pdf
http://www.parliament.go.ke/sites/default/files/2017-05/The_Constitution_of_Kenya_2010.pdf
https://doi.org/10.1093/heapol/czy043
https://kenyalaw.org/kenya_gazette/gazette/volume/MjA4Mw#x2013;/Vol.CXXII-No.24/
https://kenyalaw.org/kenya_gazette/gazette/volume/MjA4Mw#x2013;/Vol.CXXII-No.24/
https://doi.org/10.1371/journal.pgph.0002950
https://doi.org/10.1186/s12913-022-08995-z
https://doi.org/10.1136/bmjqs-2014-003115
https://doi.org/10.1016/j.annepidem.2021.12.001
https://doi.org/10.1186/1748-5908-4-25
https://positivedeviance.org/
https://hbsp.harvard.edu/product/1066-PDF-ENG
https://doi.org/10.1016/j.puhe.2020.10.001
https://doi.org/10.1016/j.puhe.2020.10.001
https://doi.org/10.1177/1094428112470848
https://doi.org/10.1177/1094428112470848
https://doi.org/10.1186/s12874-023-02045-w
https://wonder.cdc.gov/ucd-icd10.html
https://wonder.cdc.gov/ucd-icd10.html
https://catalogofbias.org/biases/wrong-sample-size-bias/
https://doi.org/10.1016/S0140-6736(16)31533-1
https://doi.org/10.1016/S0140-6736(06)69380-X
https://doi.org/10.3389/fgwh.2025.1481495
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

Muriithi et al.

44. Bukenya B, Golooba-Mutebi F. What explains sub-national variation in maternal
mortality rates within developing countries? A political economy explanation. Soc Sci
Med. (2020) 256:113066. doi: 10.1016/j.socscimed.2020.113066

45. Awe OD, Kipruto H, Awe O, Chukwudum QC. Trend analysis of maternal
mortality in Kenya: post-devolution empirical results. East Afr Health Res J. (2023)
7(2):166-74. doi: 10.24248/eahrj.v7i2.728

46. Romagosa C, Ordi J, Saute F, Quint6 L, Machungo F, Ismail MR, et al. Seasonal
variations in maternal mortality in Maputo, Mozambique: the role of malaria. Trop
Med Int Health. (2007) 12(1):62-7. doi: 10.1111/j.1365-3156.2006.01755.x

47. Jawad M, Hone T, Vamos EP, Cetorelli V, Millett C. Implications of armed conflict
for maternal and child health: a regression analysis of data from 181 countries for
2000-2019. PLoS Med. (2021) 18(9):e1003810. doi: 10.1371/journal.pmed.1003810

48. Mohiddin A, Langat E, Orwa J, Naanyu V, Temmerman M. Exploring the
impact of health worker strikes on maternal and child health in a Kenyan county.
BMC Health Serv Res. (2022) 22(1):1139. doi: 10.1186/s12913-022-08493-2

49. Waiswa P, Higgins BV, Mubiri P, Kirumbi L, Butrick E, Merai R, et al.
Pregnancy outcomes in facility deliveries in Kenya and Uganda: a large cross-
sectional analysis of maternity registers illuminating opportunities for mortality
prevention. PLoS One. (2020) 15(6):e0233845. doi: 10.1371/journal.pone.0233845

50. Owolabi O, Riley T, Juma K, Mutua M, Pleasure ZH, Amo-Adjei J, et al.
Incidence of maternal near-miss in Kenya in 2018: findings from a nationally
representative cross-sectional study in 54 referral hospitals. Sci Rep. (2020)
10(1):15181. doi: 10.1038/s41598-020-72144-x

51. Hounton SH, Sombie I, Townend J, Ouedraogo T, Meda N, Graham W]J. The tip
of the iceberg: evidence of seasonality in institutional maternal mortality and
implications for health resources management in Burkina Faso. Scand ] Public
Health. (2008) 36(3):310-7. doi: 10.1177/1403494807085361

Frontiers in Global Women's Health

1

10.3389/fgwh.2025.1481495

52. Makanga PT, Schuurman N, Sacoor C, Boene HE, Vilanculo F, Vidler M, et al.
Seasonal variation in geographical access to maternal health services in regions of
southern Mozambique. Int ] Health Geogr. (2017) 16(1):1. doi: 10.1186/s12942-016-0074-4

53. Sackett Catalogue of Bias Collaboration, Spencer EA, Mahtani K. Hawthorne
effect. In: Nunan D, Heneghan C, editors. Catalogue of Bias. Oxford: Centre for
Evidence-Based Medicine, University of Oxford (2017). Available online at: https://
catalogofbias.org/biases/hawthorne-effect/ (Accessed August 16, 2024).

54. Smith H, Ameh C, Roos N, Mathai M, Broek NVD. Implementing maternal
death surveillance and response: a review of lessons from country case studies.
BMC Pregnancy Childbirth. (2017) 17(1):233. doi: 10.1186/s12884-017-1405-6

55. Baldwin JR, Pingault JB, Schoeler T, Sallis HM, Munafd MR. Protecting against
researcher bias in secondary data analysis: challenges and potential solutions. Eur
] Epidemiol. (2022) 37(1):1-10. doi: 10.1007/s10654-021-00839-0

56. Bhattacharya AA, Umar N, Audu A, Felix H, Allen E, Schellenberg JRM, et al.
Quality of routine facility data for monitoring priority maternal and newborn
indicators in DHIS2: a case study from Gombe State, Nigeria. PLoS One. (2019)
14(1):e0211265. doi: 10.1371/journal.pone.0211265

57. Gesicho MB, Were MC, Babic A. Data cleaning process for HIV-indicator data
extracted from DHIS2 national reporting system: a case study of Kenya. BMC Med
Inform Decis Mak. (2020) 20(1):293. doi: 10.1186/s12911-020-01315-7

58. Farnham A, Loss G, Lyatuu I, Cossa H, Kulinkina AV, Winkler MS. A roadmap
for using DHIS2 data to track progress in key health indicators in the Global South:
experience from sub-saharan Africa. BMC Public Health. (2023) 23(1):1030. doi: 10.
1186/512889-023-15979-z

59. Thabethe SS, Mathews VE. Quality of routine health data in DHIS2 in South
Africa: Eastern Cape province from 2017 to 2020. S Afr J Inf Manag. (2024) 26(1):
a1903. doi: 10.4102/sajim.v26i1.1903

frontiersin.org


https://doi.org/10.1016/j.socscimed.2020.113066
https://doi.org/10.24248/eahrj.v7i2.728
https://doi.org/10.1111/j.1365-3156.2006.01755.x
https://doi.org/10.1371/journal.pmed.1003810
https://doi.org/10.1186/s12913-022-08493-2
https://doi.org/10.1371/journal.pone.0233845
https://doi.org/10.1038/s41598-020-72144-x
https://doi.org/10.1177/1403494807085361
https://doi.org/10.1186/s12942-016-0074-4
https://catalogofbias.org/biases/hawthorne-effect/
https://catalogofbias.org/biases/hawthorne-effect/
https://doi.org/10.1186/s12884-017-1405-6
https://doi.org/10.1007/s10654-021-00839-0
https://doi.org/10.1371/journal.pone.0211265
https://doi.org/10.1186/s12911-020-01315-7
https://doi.org/10.1186/s12889-023-15979-z
https://doi.org/10.1186/s12889-023-15979-z
https://doi.org/10.4102/sajim.v26i1.1903
https://doi.org/10.3389/fgwh.2025.1481495
https://www.frontiersin.org/journals/global-womens-health
https://www.frontiersin.org/

	An exploration of sub-national variability in institutional maternal mortality ratios in Kenya: a meta-analysis of the 2021 health facility data
	Introduction
	Methods
	Data preparation
	Statistical analysis
	Outlier identification

	Results
	Regional level variation
	County-level variation
	Health facility level variation
	Month to month iMMR variation

	Discussion
	Strengths and weaknesses
	Suggestions for future research

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


