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Objective To conduct a systematic review and meta-analysis of pregnancy-associated acute kidney injury in low- and middle-income
countries.

Method We searched the databases Cochrane Central Register of Controlled Trials, Embase, Google Scholar, OvidMedline, ProQuest and
Scopus for articles published during 2013-2025 reporting the incidence, etiology and outcomes of the condition in low- and middle-income
countries. We conducted a meta-analysis of the studies that used the diagnostic criteria of the Kidney Disease: Improving Global Outcomes
organization. We conducted subgroup analyses and a meta-regression to explore sources of heterogeneity.

Findings We reviewed 43 studies and included 40 in our meta-analysis, covering 424081 pregnancies in 15 low- and middle-income
countries. We observed a pooled incidence of 91 cases (95% confidence interval, Cl: 63—-133) per 10000 pregnancies, highest in studies
conducted in the World Health Organization African Region (254; 95% Cl: 152-421). We estimated case fataliy of 10.8% (95% Cl: 7.6—15.3) and
neonatal death or stillbirth in 29.8% of cases (95% Cl: 24.2—36.1). We observed that the condition was associated with 18.8-fold higher odds
of maternal death (95% Cl: 10.0-35.5) and 4.6-fold higher odds of adverse fetal outcomes (95% Cl: 2.1-10.0). We identified pre-eclampsia
(44.1%), haemorrhage (26.2%) and sepsis (16.5%) as the leading etiologies.

Conclusion Pregnancy-associated acute kidney injury is a significant maternal health concern in low- and middle-income countries. By
providing more resources to prevent the common etiologies and expand the availability of antenatal care, its deleterious effects on maternal
and fetal outcomes can be reduced.

Abstracts in G H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

Pregnancy-associated acute kidney injury is defined as a
sudden decline in kidney function during pregnancy or the
postpartum period (6-8 weeks after giving birth). Account-
ing for 1% of all acute kidney injury admissions globally in
women of reproductive age, dialysis administered for severe
acute kidney injury is most often for the pregnancy-associated
type.' The consequences of the condition are severe, with case
fatality rates ranging from 9.3% (29/313) in Tunisia to 28.3%
(13/46) in Morocco, and increased risks of preterm birth,
stillbirth and neonatal intensive care admissions.” Given its
significant impact, pregnancy-associated acute kidney injury is
widely recognized as an urgent public health issue, as a major
contributor to maternal and fetal morbidity and mortality.’
The burden of pregnancy-associated acute kidney injury
is higher in low- and middle-income countries compared
to high-income countries. Large registry-based studies
conducted in Canada (2003-2010)* and the United States
of America (1999-2011)° have reported an incidence of ap-
proximately 2-8 cases per 10000 pregnancies. In contrast,
studies in Benin, China, India, Morocco and South Africa
have shown incidences from 7 to over 1000 cases per 10000

pregnancies.®> Although case fatality rates in women with
the condition is estimated to be around 3% in high-income
countries, this figure has exceeded 20% in India, Nigeria
and the United Republic of Tanzania.>*~"* This disparity is
further reflected in the distribution of common etiologies.
For example, infection-related severe maternal outcomes are
reported to be more than 15 times more frequent in low- and
middle-income countries than in high-income countries,'® and
maternal deaths as a result of pre-eclampsia are significantly
more prevalent in socioeconomically disadvantaged popula-
tions of low- and middle-income countries.'” These findings
highlight the need for focused research and public health in-
terventions to address pregnancy-related acute kidney injury
in low- and middle-income countries.

Despite increasing awareness of the health burden,
research in low- and middle-income countries remains
limited; in contrast to high-income countries, most do not
have a national registry for the condition, and most studies
have been small-scale cohort studies or case reports.'® The
true burden of the condition in lower-income countries is
difficult to determine because of inconsistent study design,
variable diagnostic criteria and heterogeneous reporting.
Although a previous review estimated global incidence, the
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burden and etiology specifically for
low- and middle-income countries were
unavailable.”” One review highlighted
clinical profiles and progress in low- and
middle-income countries, but lacked a
systematic evaluation of the evidence.’
More importantly, no previous work
has attempted to address interstudy
variability and ensure generalizability
by comprehensively assessing incidence
and outcomes in low- and middle-
income countries using harmonized
diagnostic criteria.

In this study we seek to address
these knowledge gaps by conducting a
comprehensive meta-analysis of preg-
nancy-associated acute kidney injury
in low- and middle-income countries.
Using criteria defined by the Kidney
Disease: Improving Global Outcomes
organization to standardize case defi-
nitions across diverse populations, we
aim to characterize the burden of the
condition by assessing its incidence and
impact on maternal and fetal outcomes,
as well as identify potential opportuni-
ties for intervention by analysing etiolo-
gies and modifiable health-care factors.

Methods
Outcome of interest

The primary outcome of interest from
our meta-analysis is the burden of preg-
nancy-associated acute kidney injury,
assessed by its incidence and associated
maternal and fetal outcomes. We define
incidence as the total number of new
cases observed per 10000 pregnan-
cies during the study period. Maternal
outcomes include renal replacement
therapy, chronic or end-stage kidney
disease and death. Fetal outcomes in-
clude neonatal death and stillbirth.
Secondary outcomes include etiolo-
gies, as defined by the original studies.
Sepsis encompasses post-abortal and
puerperal infections; pre-eclampsia
spectrum includes gestational hyperten-
sion, pre-eclampsia, severe pre-eclamp-
sia and eclampsia, as well as haemolysis,
elevated liver enzymes and low platelet
count (HELLP syndrome); and obstetric
haemorrhage includes both antepartum,
intrapartum and postpartum bleeding.

Search

We registered our systematic review and
meta-analysis protocol on PROSPERO
(CRD42024512357). We conducted a
comprehensive search for both peer-
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reviewed publications and unpublished
studies in the databases Cochrane
Central Register of Controlled Trials,
Embase, Google Scholar, OvidMedline,
ProQuest and Scopus, published or re-
leased during the period 1 January 2013
to 15 March 2025, on 16 March 2025.
Our search strategy was based on the
two primary concepts of acute kidney
injury and pregnancy, incorporating
various keyword variations (details
available in online repository).”’

We screened observational stud-
ies conducted in low- and middle-
income countries (as defined by the
World Bank)” during 2013-2023 that
reported the primary outcome of the
incidence of pregnancy-associated
acute kidney injury in any language.
To ensure generalizability, we required
that studies selected for review included
both pregnancy and the postpartum pe-
riod. We excluded studies that focused
solely on subgroups (e.g. sepsis or pre-
eclampsia), lacked diagnostic criteria
for pregnancy-associated acute kidney
injury or defined the condition solely
by the need for dialysis. Summaries of
the excluded studies are provided in the
online repository.”’

We uploaded all resulting citations
to Covidence (Veritas Health Innova-
tion Ltd, Melbourne, Australia), where
duplicates were automatically removed.
Two authors independently screened
titles and abstracts, with a third author
resolving disagreements. We assessed
full texts according to our inclusion and
exclusion criteria. We extracted data
including study details (authors, year,
duration, country, design, setting), de-
mographics (age, pregnancy duration),
sample size, diagnostic criteria, etiology
and outcomes. Two authors performed
data extraction independently, and a
third author verified the extracted data.

Exploration of heterogeneity

To explore factors contributing to
heterogeneity in the pooled analysis,
we supplemented study-level charac-
teristics (e.g. design and quality) with
country-level socioeconomic and geo-
graphical metadata. Geographically,
we grouped studies by country and by
World Health Organization (WHO)
regions.”” We defined socioeconomic
context using the World Bank income
classification at the time of each study.”’
We also categorized studies by national
health-care expenditure as a percent-
age of gross domestic product (GDP)
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- either less than 5% or 5-10% - based
on WHO statistics.””** For antenatal
care coverage, we used United Na-
tions Children’s Fund data on the per-
centage of women aged 15-49 years
receiving at least one or at least four
antenatal visits,” categorized as less
than 75%, or 75% or more.

We used the Joanna Briggs Insti-
tute critical appraisal tools for studies
reporting prevalence or incidence data
to assess the risk of bias and study
quality.”® According to a score ranging
from 0 to 9, we classified study quality
as low (0-3), medium (4-6) and high
(7-9; online repository).*

Data analysis

We conducted a meta-analysis of
proportions using the metaprop func-
tion of the meta and metafor pack-
ages of RStudio version 4.3.1 (Posit
PBC, Boston, USA), which applies a
random-intercept logistic regression
(generalized linear mixed model) to
logit-transformed proportions. We
calculated pooled odds ratios, 95%
confidence intervals (CIs) and P-
values for binary outcomes (maternal
or fetal mortality) by the inverse
variance method and Wald z-test of
the metabin function of RStudio. We
based all analyses on random-effect
models to account for between-study
variability.

We assessed heterogeneity using
the I? statistic, with values of 70% and
higher indicating substantial hetero-
geneity. To explore potential sources,
we conducted subgroup analyses (for
study- and country-level categorical
factors) and meta-regression (for the
middle year of data collection as a con-
tinuous moderator) using the Q-test
(x? test) and Wald z-test, respectively.
We performed an interaction term
analysis between the middle year and
country socioeconomic factors using
a multivariable meta-regression of the
metareg function in RStudio, adjusted
for study design and quality.

Our sensitivity analyses included
leave-one-out influence analysis,
and a stepwise exclusion of low- and
medium-quality studies and those
with sample sizes smaller than 5000
and 10000. We compared the pooled
estimates and I? values to assess ro-
bustness.

We could not disaggregate data
by age because original data were
unavailable.
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Results
Study population

After screening 4950 records, we as-
sessed 174 articles for eligibility; on
excluding 131 articles, we reviewed 43
studies (Fig. 1). Our included studies
were published from 2015 to 2024 and
reported the incidence of pregnancy-as-
sociated acute kidney injury from 2013
to 2023. Most studies were conducted
in India (19);%"!>*-* five were from
China®*~** and three from Egypt.”’~*
Two studies were conducted in each of
Nepal,”**' Nigeria'*** and the United Re-
public of Tanzania;'*** and a single study
was conducted in each of Bangladesh,™
Benin,”” Chad,” Ethiopia,”® Guinea,”’
Kenya,”® Malawi,” the Philippines,®
Romania® and Somalia® (Table 1).

We observed that diagnostic cri-
teria for pregnancy-associated acute
kidney injury included those of the
Kidney Disease: Improving Global
Outcomes organization in 40 stud-
ies(vb‘,lZf1‘5,17,2‘)742,4-1755,33762 and serum cre-
atinine concentration in pregnancy in
three studies.”**** We summarize details
regarding diagnostic criteria conversion
in the online repository.”’ In assigning
study quality, the most common reasons
for point deduction were insufficient
information and data analysis for pa-
tients without pregnancy-associated
acute kidney injury (Table 1). To ensure
comparability between studies, we only
included the 40 studies using the diag-
nostic criteria of the Kidney Disease:
Improving Global Outcomes organiza-
tion in our meta-analysis.

Incidence

We analysed a total of 3201 cases of
pregnancy-induced acute kidney injury
from 424 081 pregnancies across the
40 studies included in the meta-analysis.
We observed a pooled incidence of 91
cases per 10000 pregnancies (95% CI:
63-133; I*: 99.1%; Fig. 2), ranging from
7’ in India to 1173" in Benin per 10 000
pregnancies (Table 1).

We noted that prospective stud-
ies (118 cases per 10000 pregnancies;
95% CI: 79-177; I*: 97.6%)%'2~'%30-3739-
42,47,48,50-53,55,57-59 had hlghel‘ eStlmateS
than retrospective studies (56; 95% CI:
28_1 12; IZ: 99.6%)’7,S,|3,27,2‘),“wS,44—4(1,4‘),5(x,(1()—62
although studies recruiting only in-
tensive care unit patients reported
lower estimates (44; 95% CI: 3-532;
I?: 99.7%)7>* than studies recruiting
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Fig. 1. Flowchart of the selection of studies on pregnancy-associated acute kidney
injury in low- and middle-income countries

7623 records identified from:

« 4428 from Embase

+ 1890 from Scopus

« 865 from OvidMedline

+ 194 from Proquest

« 223 from Cochrane Central
Register of Controlled Trials

+ 23 from Google Scholar

EEEEE—
\/

2673 duplicate removed before screening:
« 255 manually
« 2418 identified by Covidence

4950 records screened

EEEE——
\/

4770 studies eliminated:
« 4717 irrelevant
« 53 published before 2013

180 reports sought for retrieval

i—»

6 reports not retrieved

174 reports assessed for eligibility

¢—>

43 studies included in systematic
review (40 studies included in
meta-analysis)

131 reports excluded

« 72 had no relevant outcomes

+ 13 had wrong study design

« 8 had duplicated data

« 5 defined pregnancy-associated acute kidney injury by need for dialysis
- 8 reviews

« 14 studied wrong population

« 3 had wrong outcomes

« 2 had an unclear timeframe

+ 2 studied postpartum only

« 1casereport

- 1did not define pregnancy-associated acute kidney injury
« 1had wrong timeframe

+ 1had unclear results

patients from all wards (95; 95% CI:
66_137’ IZ: 99'1%)'(7,8,12715,17,19741,4-1731,33,35762

When studies are pooled by coun-
try, we observed the lowest incidence
per 10000 pregnancies in Nepal (23;
95% CI: 17-31),"' Somalia (33; 95%
CI: 22-46)°> and Romania (45; 95%
CI: 27-71);" and the highest in Benin
(1173;95% CI: 843-1574),> Chad (452;
95% CI: 343-483)> and Nigeria (409;
95% CI:227-729; I?: 97.5%; Table 2).'%?
Among the WHO regions, we observed
the highest incidence in pooled studies
based in the African Region (254; 95%
CIL: 152-421; I*: 98.4%)'*"14°>°»*=%Y and
the Western Pacific Region (116;95% CI:
41-323; I:99.8%).5-1% We noted that
pooled incidence per 10 000 pregnancies
in the South-East Asia and Eastern Med-
iterranean regions were similar at 59
(95% CI: 36-99; I*: 98.2%)"71527:29-123051
and 52 (95% CI: 36-76; I*: 84.7%),"7~**
respectively (Table 2).

Although our leave-one-study-
out analysis highlighted the stabil-
ity of the pooled incidence estimate
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(85-96 cases per 10000 pregnancies;
I?: 98.6-99.2%; online repository),*
the exclusion of low-quality and then
both low- and medium-quality studies
increased the estimate to 94 (95% CI:
64-1 39) IZZ 99.2%)6,&12—15,27,19—33,35— 42,44—
9.595055-62 and 144 (95% CI: 86-241;
IZ: 99.5%))6,8,1 3,27,31,37,39,41,44-46,52,53,56,58,59
respectively, suggesting higher estimates
from higher-quality studies. We ob-
served that the estimates also decreased
substantially to 51 (95% CI: 33-78; I%
99.4%)7,8,27,29,32—41,44—47,30,31,53,‘56,63 and 42
(95% CI: 21-81; I: 99.7%)"527 293239414
#4647,50% when only considering studies
with at least 5000 or 10 000 pregnancies,
respectively (Table 2).

We did observe trends in socioeco-
nomic factors: incidence was higher in
low-income countries (113; 95% CI:
48_264; IZ. 98.6%)|Z,?(),?l,‘?“ﬁ,‘??—??,"%hz than
in lower-middle- (84; 95% CI: 54-131;
IZ: 98.4%)6,7,13—|‘3,27,3‘)—42,4.—'—4‘),32,38,6() and
upper-middle-income countries (94;
95% CI: 32-278; I*: 99.8%),>*-*>¢! but
these lacked statistical significance.
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Table 1. Characteristics of the studies included in a systematic review and meta-analysis of pregnancy-associated acute kidney injury in
low- and middle-income countries, published during 2015-2024

Study Country Study period,  Study period Sample size No.of cases® Incidence Study
study design® (months)  (no. pregnancies) per10000  quality
pregnancies

Bhargava et al., 201° India 2013-2014 12 371 21 566 7
Paudyal et al., 2015 Nepal 2013-2014 18 7108 15 21 6
Hounkponou et al,, 2017 Benin 2016-2016 6 324 38 1173 6
Huang & Chen, 2017+ China 2013-2017¢ 90 42173 343¢ 81 7
Chitale et al,, 2018* India 2014-2017 48 1057 26 246 4
Cooke et al., 2018 Malawi 2015-2015 4 2300 26 113 8
Gaoetal, 2018* China 2014-2017¢ 42 15637 82 52 7
Prakash et al,, 2018 India 2014-2016 20 4741 132 278 7
Sharma et al,, 2018 India 2017-2017 6 1600 22 138 5
Ganesh & Soujanya, India 2016-2018 28 18000 36 20 5
2019*

Kivai et al., 2019 Kenya 2018-2018 2 2068 66 319 7
Liuetal, 2019 China 2013-2015¢ 36 10920 720 659 9
Thakur et al., 2019*° Nepal 2015-2015 12 11490 28 24 6
Bah etal, 2020 Guinea 2018-2019 6 2438 56 230 3
Elshinnawy et al., 2020° Egypt 2017-2017 12 13050 78 60 6
Gayathiri et al,, 2020* India 2018-2019 12 9921 18 18 6
Papegowda et al., 2020 India 2014-2019¢ 60 50735 36 7 3
Saini et al., 2020* India 2015-2016 24 5645 81 143 3
Gaber et al,, 2021 Egypt 2017-2019 24 4500 40 89 3
Kanmani et al., 2021* India 2020-2020 12 9099 21 23 4
Lietal,2021% China 2015-2018¢ 48 6512 136 209 7
Meca et al.,, 2021 Romania 2020-20214 20 4000 18 45 6
Lietal, 2022 China 2013-2020¢ 84 71763 157 22 7
Mandal et al,, 2022° India 2021-2021 12 9270 79 85 7
Praba & Gomathi, 2022 India 2020-2021¢ 24 9444 34 36 6
Ruggajo et al., 2022** United Republic 2015-2016 6 5448 99 182 9

of Tanzania
Sachan et al, 2022* India 2019-2020 16 14702 150 102 7
Abderraman et al, 2023 Chad 2020-2020 6 1238 56 452 5
Anitha et al,, 2023 India 2020-2020 12 7409 104 140 5
Anvar et al., 2023”7 India 2015-2020¢ 52 33403 70 21 7
Faisal et al., 2023 Bangladesh 2018-2019 12 351 32¢ 912 5
Kharkongor et al., 2023 India 2022-2022 12 10138 110 109 7
Rage et al, 2023% Somalia 2020-2022¢ 24 9457 31 33 6
Rajanna et al., 2023 India 2018-2019 12 2650 42 158 5
Thakur et al., 2023 India 2018-2019 12 6024 47 78 6
Berhe et al,, 2024°° Ethiopia 2017-2021¢ 60 27350 176 64 7
Habib et al.,, 2024" Nigeria 2021-2023¢ 24 1647 103 625 7
Ismael et al., 2024 Egypt 2022-2023¢ 18 4390 18 41 6
Kamal, 2024 India 2022-2023¢ 12 21234 172¢ 81 7
Mahalingam et al, 2024 India 2019-2019¢ 12 16469 19 12 6
Reston &Ti, 2024" Philippines 2019-2021¢ 36 3556 46 129 6
Shija etal, 2024 United Republic 2019-2023 48 4007 51 127 6
of Tanzania
Waziri et al., 2024 Nigeria 2019-2022 34 4200 113 269 8

@ Study design prospective, unless otherwise indicated.

® Pregnancy-associated acute kidney injury diagnosed according to the definitions included in the online repository.”” Unless otherwise indicated, all studies used
criteria defined by: Kidney Disease: Improving Global Outcomes; Acute Kidney Injury Network (AKIN); and/or Risk, Injury, Failure, Loss of kidney function, End-stage
kidney disease (justifying both acute elevation of serum creatinine and urine output).

¢ We used the Joanna Briggs Institute critical appraisal tools for studies reporting prevalence or incidence data to assess the risk of bias and study quality.”” We deemed
a score of 0-3 as low quality, 4-6 as medium and 7-9 as high.

9 Study design retrospective.

¢ Pregnancy-associated acute kidney injury diagnosed according to serum creatinine only (i.e. not included in meta-analysis).
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Countries in which health-care expen-
diture was less than5% of GDP had
higher estimates (94; 95% CI: 60-147;
IZ: 99.2%)678,1Zfl5,27,2‘)7'12,'14,'1‘),5]755,5(7758,61
compared to countries spending 5-10%
of GDP on health care (82; 95% CI:
44-152; I*: 98.7%)."°-*%30559¢1 Finally,
we observed that incidence was lower in
countries in which 75% or more of preg-
nant women received at least one ante-
natal care visit (81; 95% CI: 55-119; I*
99.2%)6—8,14,15,27,29—42,44—5(),53,5T—(v() Compared
to countries in which less than 75% of
pregnant women received at least one
antenatal care visit (146; 95% CI: 54—
390; I 99.1%; Table 2),121351:5255566162

Maternal and fetal outcomes

The incidence of pregnancy-associated
acute kidney injury significantly affect-
ed maternal morbidity and both mater-
nal and fetal outcomes. Dialysis was re-
quired in 29.1% of cases (95% CI: 18.6—-
42.6; IZ: 92‘9%),7,6 13-15,27,30-42,44-53,55,56,59-62
while 19.1% (95% CI: 11.8-29.4; I*
88.4%)(w,lS,l5,3(],32,54,50,58,59,41,44,47,48,‘31,‘35,‘357
7396062 progressed to chronic or end-
stage kidney disease. We estimated
maternal mortality from the condition
at 8 per 10000 pregnancies (95% CI:
5_13; IZ: 92.3%)’673,]375,27,2‘)7IZ,VI 4,45,47-53,55-62
accounting for 10.8% (95% CI: 7.6-15.3;
I?: 85.1%) of all cases of pregnancy-
associated acute kidney injury. Neonatal
death or stillbirth occurred in 29.8% of
all cases (95% CI: 24.2-36.1; I*: 81.6%;
Table 3).6,8,1S,Z7,29736,3874(),42,44746,48,49,517‘33,5‘3762
Compared with pregnancies without
the condition, having pregnancy-
associated acute kidney injury was
associated with a significant 18.8-fold
higher odds of maternal death (95%
CI: 10.0-35.5; I*: 0.0%)%°>°" and a
4.6-fold higher odds of adverse fetal
outcomes (95% CI: 2.1-10.0; I*: 69.0%;
Flg 3).6,?2,53,‘?‘),61

We observed reduced heterogene-
ity on conducting a subgroup analysis
by country and WHO region (lowest
I?=0.0% and 66.8%, respectively), with
the highest maternal and fetal mortality
in the African Region of 13 (95% CI:
4-44) and 49 (95% CI: 24-100) deaths
per 10000 pregnancies, respectively.
Other socioeconomic factors did not
significantly explain heterogeneity
(online repository).”

Etiologies

Thirty-three studies”®!3-1%27,29-32,34-41,
44-46,48-53,55,56,59-62 reported the etlology
or risk factors of pregnancy-associated
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Fig. 2. Study events and pooled incidence of pregnancy-associated acute kidney injury

in low- and middle-income countries

Study Events Total No. events per 10000 No. events per 10 000
pregnancies (95% Cl)  pregnancies (95% Cl)

Bhargava et al., 2015 21 371 566 (354 — 852) —

Paudyal et al, 2015 15 7108 21(12-35) =

Hounkponou etal., 2017 38 324 1173 (843—1574) — =

(hitale etal., 2018 26 1057 246 (161-358) |-

Cooke etal., 2018 26 2300 113 (74-165) 4-—

Gaoetal, 2018 82 15637 52 (42-65) LH

Prakash etal., 2018 132 4714 278 (233-329) -

Sharma etal., 2018 2 1600 138 (86-207) L

Ganesh & Soujanya, 2019 36 18000 20 (14-28) =

Kivai etal., 2019 06 2068 319 (248-404) —-—

Liuetal, 2019 720 10920 659 (613—708) -

Thakur etal., 2019 28 11490 24 (16-35) ®

Bahetal., 2020 56 2438 230 (174-297) -

Elshinnawy et al., 2020 78 13050 60 (47-75) L]

Gayathiri etal., 2020 18 9921 18(11-29) =

Papegowda et al., 2020 36 50735 7(5-10) =

Saini et al., 2020 81 5645 143 (114-178) "

Gaberetal,, 2021 40 4500 89 (64-121) *

Kanmani et al., 2021 21 9099 23(14-35) =

Lietal, 2021 136 6512 209 (176-247) P

Meca et al., 2021 18 4000 45(27-71) '

Lietal, 2022 157 71763 22 (19-26) o

Mandal etal., 2022 79 9270 85 (68—106) i

Praba & Gomathi 2022 34 9444 36/(25-50) L

Ruggajo etal.,, 2022 99 5448 182 (148-221) =

Sachanetal,, 2022 150 14702 102 (86-120) ]

Abderraman et al., 2023 56 1238 4572 (343-583) —.

Anitha etal,, 2023 104 7409 140 (115-170) =

Anvar etal,, 2023 70 33403 21(16--26) L]

Kharkongor et al., 2023 170 10138 109 (89-131) 4

Rage etal,, 2023 31 9457 33(22-46) LH

Rajannaetal,, 2023 4 2650 158 (114-214) '-

Thakur etal., 2023 47 6024 78 (57-104) lr

Berhe et al, 2024 176 27350 64 (55-75) L

Habib et al., 2024 103 1647 625 (513-753) i —a—

[smael et al., 2024 18 4390 471(24-65) i

Mahalingam et al., 2024 19 16469 12(-18) &

Reston &Ti, 2024 46 3556 129 (95-172) :..

Shija etal., 2024 51 4007 127 (95-167) -

Waziri et al,, 2024 13 4200 269 (222-323) -

Total (95% () 3201 424081 91(63-133) ?

Heterogeneity: r*: 1.4622; x*: 4580.46, df: 39 (P = 0); /- 99.1%

S e e o |
0 200 400 600 800 10001200

Cl: confidence interval.

acute kidney injury. However, only
eight studies specified diagnostic
criteria (online repository).’” The
most common causes were pre-
eclampsia (44.1%; 95% CI: 36.6-52.0; I*:
89.8%)’7,8,13715 27,29-32,34-41,44-46,48-53,55,56,59-62
haemorrhage (26.2%; 95% CI: 21.8-
31'3’ IZ: 81'2%)7,15713,27,29732,3'17'1l,1'17'1(7,'187
2995639262 and sepsis (16.5%; 95% CI:
11 4 23 4 12. 92 0%) 7,8,13-15,27,29-32,34-

HAI618253,55,56,59-62 corresponding to 31
(95% CI: 20-48; I: 97.9%), 18 (95% CI:
12-26; 1% 95.9%) and 11 (95% CI: 7-18;
I?:93.8%) cases per 10 000 pregnancies,
respectively (Table 3). Heterogeneity
was high (I*:81.2-97.9%), prompting
further subgroup analyses. Incidences
varied by country and WHO region,
with sepsis- and pre-eclampsia-related

Bull World Health Organ 205;1 03:493—SO6| doi: http://dx.doi.org/10.2471/BLT.24.293077

pregnancy-associated acute kidney
injury highest in Nigeria and Chad,
respectively (online repository).”’

Socioeconomic factors and trend
interaction

Although we observed a slight decline
in the overall trend of pregnancy-asso-
ciated acute kidney injury from 2013
to 2023 (using the Wald z-test P-value
>0.05), multivariable meta-regression
revealed different trends across sub-
groups. Among the WHO regions, only
the studies conducted in the African
Region showed a slight increase (studies
conducted in the South-East Asia, East-
ern Mediterranean and Western Pacific
regions showed declines). By income
group, studies conducted in upper-mid-
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Table 2. Heterogeneity in pregnancy-associated acute kidney injury in low- and middle-income countries

Characteristic (P-value) No. studies in meta-analysis No. cases No. pregnancies  Pooled incidence per 10000 P, %
pregnancies (95% Cl)
Overall A B B R 3201 424081 91 (63-133) 99.1
Study design (0.0689)
Prospective RSk 1555 158798 118 (79-177) 97.6
Retrospective 1646 424081 56 (28-112) 99.6
Recruiting site (0.5544)
Intensive care unit 2722 149 54935 44 (3-532) 99.7
All wards 3866812715,27,294244-51,53,55-62 3052 369 146 95 (66-137) 99.1
WHO region (<0.001)
African Q25142223559 784 51020 254 (152-421) 98.4
South-East Asia 2(57:1527,25-42,505 1091 229276 59 (36-99) 98.2
European (R 18 4000 45 (27-71) -
Eastern Mediterranean 167 31397 52 (36-76) 84.7
Western Pacific 1141 108388 116 (41-323) 99.8
Country (<0.001)
Benin 1 38 324 1173 (843-1574) =
Chad 1 56 1238 452 (343-583) =
China 4ot 1095 104832 113( 1-405) 99.8
Egypt 30 136 21940 61 (45-84) 759
Ethiopia 1°° 176 27350 64 (55-75) =
Guinea 1 56 2438 230 (174 297) =
India g e 1048 210678 66 (38-114) 98.3
Kenya (58 66 2068 319 (248- 404) =
Malawi 1 26 2300 113 (74-165) =
Nepal 2 43 18598 23 (17— 31) 0.0
Nigeria s 216 5847 409 (227 729) 97.5
Philippines (5 46 3556 129 (95-172) =
Romania 1 18 4000 45 (27-71 ) -
Somalia 1 31 9457 33 (22-46)
United Republic of i 150 9455 155 (121-198) 76.9
Tanzania
Income level (0.8404)
Upper-middle el 1113 108832 94 (32-278) 99.8
Lower-middle D=L 1563 248096 84 (54-131) 98.4
Low > 525 67153 113 (48-264) 98.6
Percentage of GDP spent on health care (0.7249)
5-10 94 ° 585 118409 82 (44-152) 98.7
<5 S B B R 2616 305672 94 (60-147) 99.2
Percentage of women receiving at least one antenatal care visit (0.2855)
>75 328 Ei115:272302,4425053,57°60 2651 368757 81 (55-119) 99.2
<75 gy o sl 550 55324 146 (54-390) 99.1
Percentage of women receiving at least four antenatal care visits (0.9856)
>75 @12 1261 130328 91 (45-183) 99.7
<75 326/7:12715:27:29-42,50-53,55=33,61,62 1924 293753 91 (59-141) 98.5
Sensitivity analysis: study quality
Medium- and high-quality =~ 36%# 152723852 55055658-02 2988 360763 94 (64-139) 99.2
only
High-quality only 1@ T =R 2240 220470 144 (86-241) 99.5
Sensitivity analysis: sample size
>5 000 pregnancies D= = 2327 378994 51(33-78) 99.4
> 10000 pregnancies 1| B st 1662 293657 42 (21-81) 99.7

Cl: confidence interval; GDP: gross domestic product; WHO: World Health Organization.
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dle-income countries exhibited a steep
decline, whereas those in low-income
countries showed a slight increase.
Studies based in countries in which
health-care spending was 5-10% of GDP
demonstrated an increasing trend, while
those in which health-care spending was
less than 5% of GDP showed a decline.
However, none of these interactions was
statistically significant, with P-values of
more than 0.05 (Fig. 4).

Notably, the trend in the incidence
of pregnancy-associated acute kidney
injury varied significantly by the avail-
ability of antenatal care. Countries in
which 75% or more of pregnant women
received at least four antenatal care visits
showed a declining trend, while those in
which less than 75% of pregnant women
received at least four antenatal care visits
exhibited an increasing trend (P .
<0.0001; Fig. 4). This factor also had a
significant moderating effect on related
maternal and fetal mortality (P, .
<0.0001; online repository),” with a
slower increase in maternal mortality
and a sharper decline in neonatal death
or stillbirth observed in countries in
which 75% or more of pregnant women
received at least four antenatal care vis-
its. These findings remained robust in
sensitivity analyses, including modelling
as a continuous variable and adjusting
for study design and quality (online
repository).”

Discussion

Our meta-analysis of pregnancy-asso-
ciated acute kidney injury in low- and
middle-income countries revealed a
substantial burden. One quarter of
women with the condition required
dialysis, and one fifth progressed to
chronic or end-stage kidney disease.
One tenth of cases resulted in maternal
death, and around one third in neonatal
death or stillbirth.

By extrapolating our findings to
approximately 190 million pregnan-
cies annually worldwide,” pregnancy-
associated acute kidney injury may
affect 1.7 million pregnancies and lead
to more than 186 000 deaths in low- and
middle-income countries. Our findings
align with previous work that focused
on specific regions. Case fatality rates
reached 34.4% in Africa, with most
women requiring intensive care and
haemodialysis.® In Asia, case fatality
rates varied between 7.7% (10/130) and
28.9% (24/83), and up to 50% (16/32)
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Fig. 3. Individual study estimates and pooled effect of pregnancy-induced acute kidney injury on maternal mortality (upper) and
neonatal death or stillbirth (lower) in low- and middle-income countries

Maternal mortality

Study With condition ~ Without condition

Event Total Event Total Weight (%) OR (95% () OR (95% Cl)
Liuetal, 2019 17 795 13 10125 76.8 17.0(8.2-35.1) _._
Mecaetal., 2021 7 38 0 42 48 202 (1.1-367.7)
Waziri et al., 2024 17 13 2 320 184 28.1(6.4-124.0) =
Total (95% Cl) 946 10487 1000 18.8(10.0-35.5) >
Heterogeneity: r: 0; x’ 0.36, df: 2 (P = 0.8346); /:0.0% f T .
Test for overall effect: Z:9.04 (P<0.0001) 0.01 0.1 1 10 100
Neonatal death or stillbirth
Study With condition ~ Without condition

Event Total Event Total Weight (%) OR (95% () OR (95% )
Bhargava etal., 2015 4 21 1 37 9.0 8.5(0.9-81.2) j
Cookeetal., 2018 4 26 33 276 20.2 13(04-4.1) !
Meca etal,, 2021 6 38 2 42 13.6 3.8(0.7-199) I S - S
Ruggajo etal., 2022 47 9 81 976 308 10.0(6.3-15.8) E B
Waziri et al, 2024 1813 14 320 2.5 4.1(20-86) -
Total (95% CI) 297 1651 100.0 46(2.1-10.0) ‘.

T T T

Heterogeneity: t: 0.4711; x:12.89, df: 4 (P=0.0118);
Test for overall effect: Z: 3.77 (P<0.0002)

169.0%

Cl: confidence interval; OR: odds ratio.

Fig. 4. Interaction between socioeconomic factors and middle year of data acquisition as moderators of the incidence of pregnancy-
associated acute kidney injury in low- and middle-income countries
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of women had an outcome of neonatal
death or stillbirth." A meta-analysis
comparing nearly 8000 pregnancies
with and without the condition found
that acute kidney injury was associated
with a more than fourfold increase in
the risk of maternal death, a longer stay
in intensive care by 2 days, a threefold
increased incidence of stillbirth or peri-
natal death, and a birth weight lower by
740 g.> These results are consistent with
WHO data showing a global maternal
mortality of 223 deaths per 100000 live
births in 2020, with nearly 95% of ma-
ternal deaths occurring in low-resource
settings.”

Although our subgroup analysis
did not show a noticeable difference in
the incidence of pregnancy-associated
acute kidney injury between low- and
upper-middle-income countries, the
gap is large when comparing with data
from high-income countries. At 12
reported cases per 10000 pregnancy-
related hospitalizations in the USA,’
our pooled findings indicate an inci-
dence of eight times higher for low- and
middle-income countries and 20 times
higher for countries within the WHO
African Region. Similarly, our pooled
proportion of cases receiving dialysis
and maternal mortality are threefold
higher than those reported in the USA
(8.2%; 351/4300 and 4.0%; 170/4300,
respectively).’

Systemic health-care disparities, in-
adequate access to prenatal care, delayed
interventions, limited availability of
kidney replacement therapy and other
resource constraints are factors that
likely drive the disproportionate burden
in low- and middle-income countries.
Low preparedness for acute kidney inju-
ry care, as highlighted in a recent report
by the International Society of Nephrol-
ogy, could also be a contributing factor.
The report indicated that registries and
advocacy groups are mostly unavail-
able, and nephrologists are alarmingly
low in low-income countries.®

We identified pre-eclampsia, haem-
orrhage and sepsis as leading etiologies,
as well as an association between
greater antenatal care coverage and de-
creasing incidence, consistent with the
WHO publication on leading maternal
mortality causes®” as well as systematic
reviews conducted in African and Asian
countries.”**® Fragmented prenatal care,
delayed diagnosis and inadequate refer-
ral systems exacerbate these conditions,
perhaps allowing them to progress to
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acute kidney injury. The burden of
infectious diseases also remains high
in low- and middle-income countries,
with conditions such as human immu-
nodeficiency virus infection, malaria,
leptospirosis and septic abortion being
important contributors to pregnancy-
associated acute kidney injury. Unsafe
abortion practices, often resulting from
restrictive reproductive health laws and
limited access to contraception, are still
prevalent in several low- and middle-
income countries, and continue to lead
to sepsis-related acute kidney injury
during pregnancy.’* These challenges
are rarely encountered in high-income
countries, where reproductive health
services are generally safer and more
accessible. Nevertheless, the fact that
these conditions are all deemed pre-
ventable or treatable offers important
opportunities for improvement.

Our findings that higher antena-
tal care availability was significantly
associated with lower incidence and
improved maternal and fetal outcomes
emphasize the importance of adequate
antenatal care. Frequent antenatal care
improves pregnancy-associated acute
kidney injury outcomes through early
detection, risk mitigation and timely
intervention, and enables early manage-
ment of hypertensive disorders such
as pre-eclampsia via blood pressure
monitoring, antihypertensives and
preventive eclampsia therapy.*”” Prompt
diagnosis of infections such as sepsis
allows timely antibiotic treatment,
reducing inflammation and kidney
damage.” Antenatal care also mitigates
haemorrhage risks by screening for
anaemia, providing iron supplementa-
tion and implementing postpartum
haemorrhage protocols to prevent
hypovolemia-induced acute kidney
injury.”!

Structured antenatal care also im-
proves fetal outcomes by reducing pre-
term births and low birth weight, both
linked to complications of pregnancy-
associated acute kidney injury. Studies
show regular antenatal care attendees
have lower risk of perinatal death as a
result of better maternal health.”” Ante-
natal care also facilitates timely referrals
to tertiary care, critical for accessing
renal replacement therapy (although
low- and middle-income countries often
face dialysis shortages).”” By integrating
risk stratification and patient education,
antenatal care empowers women to
seek care earlier, mitigating delays that

Bull World Health Organ 205;1 03:493—SO6| doi: http://dx.doi.org/10.2471/BLT.24.293077

exacerbate the severity of pregnancy-
associated acute kidney injury in low-
resource settings.”

Our study has several strengths.
Our comprehensive literature review
included all the main databases as well
as several sources of grey literature.
We minimized between-study vari-
ability and ensured generalizability by
including only studies that used criteria
defined by the Kidney Disease: Improv-
ing Global Outcomes organization. We
explored the impact of geographic, so-
cioeconomic and antenatal care factors
on heterogeneity with our extensive
subgroup analyses and meta-regression.

However, our study was limited by
several factors. First, a potential source
of heterogeneity among our reviewed
studies is a variation in the definition of
the pregnancy and postpartum period;
for example, some studies included par-
ticipants from 20 weeks of gestation to
6 weeks postpartum,'>* although other
studies only included participants up
to the end of the immediate postpar-
tum (i.e. 24 hours after giving birth)”’
or for 2 weeks postpartum.” Second,
variability in denominators (e.g. total
pregnancies, deliveries or live births)
may have contributed to discrepancies.
Third, although we attempted to include
studies with harmonized condition
definitions, Kidney Disease: Improving
Global Outcomes criteria are not stan-
dard because serum creatinine is also
known to be lowered during pregnancy;
the true incidence of pregnancy-associ-
ated acute kidney injury could therefore
be higher than estimated here.* Fourth,
studies conducted retrospectively versus
prospectively may have been subject to
recall bias, although we attempted to
address this by subgroup analysis and
multivariable meta-regression adjust-
ment. Fifth, only a subset of the studies
defined the etiology of the condition,
and these definitions were inconsistent.
Finally, we were not able to assess high-
risk subgroups (e.g. those with prior
pregnancy-associated acute kidney in-
jury, autoimmune conditions or kidney
disease) because of limited access to
original data.

We have demonstrated that preg-
nancy-associated acute kidney injury
is a significant maternal health concern
in low- and middle-income countries.
By providing more resources to prevent
the common etiologies and expand
the availability of antenatal care, the
burden of this condition and its effects
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on maternal and fetal outcomes can be
reduced. We anticipate that our findings
will provide critical insights to inform
targeted public health strategies, ulti-
mately reducing preventable deaths in
low-resource settings. Il
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Résumé

Incidence des Iésions rénales aigués associées a la grossesse dans les pays a revenu faible et intermédiaire: méta-analyse

Objectif Réaliser une revue systématique et une méta-analyse des
lésions rénales aigués associées a la grossesse dans les pays a revenu
faible et intermédiaire.

Méthode Nous avons recherché dans les bases de données Central
Cochrane, Embase, Google Scholar, OvidMedline, ProQuest et Scopus
des articles publiés entre 2013 et 2025 faisant état de lincidence, de
Iétiologie et des résultats de cette affection dans les pays a revenu
faible ou intermédiaire. Nous avons réalisé une méta-analyse des
études qui appliquaient les critéres de diagnostic de l'organisation
Kidney Disease: Improving Global Outcomes. Nous avons effectué des
analyses de sous-groupes et une métarégression afin dexplorer les
sources d'hétérogénéité.

Résultats Nous avons examiné 43 études et en avons inclus 40 dans
notre méta-analyse, couvrant 424 081 grossesses dans 15 pays a
revenu faible ou intermédiaire. Nous avons observé une incidence
groupée de 91 cas (intervalle de confiance (IC) a 95%: 63-133) pour

10 000 grossesses, la plus élevée étant observée dans les études menées
dans la région Afrique de I'Organisation mondiale de la Santé (254;1C a
95%: 152-421). Nous avons estimé la mortalité maternelle a 10,8% (IC
395%:7,6-15,3) et le déces néonatal ou la mortinaissance a 29,8% des
cas (IC a 95%: 24,2-36,1). Nous avons observé que les Iésions rénales
aigués étaient associées a un risque 18,8 fois plus élevé de déces
maternel (IC a 95%: 10,0-35,5) et a un risque 4,6 fois supérieur d'issues
défavorables pour le feetus (IC a 95%: 2,1-10,0). Nous avons identifié la
pré-éclampsie (44,1%), 'hémorragie (26,2%) et la septicémie (16,5%)
parmi les principales étiologies.

Conclusion Les lésions rénales aigués associées a la grossesse
constituent un probleme de santé maternelle important dans les pays
arevenu faible ou intermédiaire. En fournissant davantage de ressources
pour prévenir les étiologies courantes et en élargissant I'accés aux soins
prénatals, il est possible de réduire le fardeau et les effets sur les résultats
pour la mere et le fcetus.

Pesiome

YacToTa ciyyaeB reCTalMOHHOrO OCTPOro NopaeHnA NoYekK B CTpaHaxX C HU3KUM U CcpefHUM YPOBHEM

Aoxoaa: MetaaHanums

Llenb BbinonHWUTL cucTemaTvueckmnii 0630p 1 MeTaaHanms ciyyaes
recTaLUmMOHHOrO OCTPOrO NOPaXKeHWA NoYek B CTPaHax C HU3KUM 1
CPEeAHNM YPOBHEM AOXOfa.

MeTtopabl ABTOPbI NPOBeNM Nounck B 6asax AaHHbix Central Cochrane,
Embase, Google Scholar, OvidMedline, ProQuest n Scopus Ha
npeaMert cTatei, onybnmkoBaHHbIX B nepvog ¢ 2013 no 2025 rog
N cofiepkallivx AaHHbIE O CyYadax, STMONOMMK 1 UCXOdax 3TOro
3a00MeBaHUA B CTPaHax C HU3KNM U CPeIHVM YPOBHEM A0X0Aa. bbin
npoBeAeH MeTaaHanm3 UCCefoBaHNIA, B KOTOPbIX MCMOMb30BaNNCh
OMarHocTnyeckne Kputepum MexayHapoaHOW opraHmn3auum no
ynyJLeHunio Mcxofos 3aboneranni novek (Kidney Disease: Improving
Global Outcomes). bbin NpoBeaeH aHanK3 No NOArpPymnnam, a Takxe
6bina NpocumTaHa MeTaperpeccua Ana BbiABNEHWA NCTOYHUKOB
reTeporeHHOCTU JaHHbIX.

Pesynbratbl /1343 paccMOTPEHHbIX MCCNefoBaHuiA B MeTaaHanm3 Obinm
BKMtoYeHbI 40, UTO MO3BONNIO 060OLWNTL AaHHble 0 424 081 cnyyae
HepeMeHHOCTN B 15 CTpaHaXx C HU3KMM 1 CPefiHUM YPOBHEM AOXOfa.
CoBoKyMHanA 3aboneBaeMoCTb cocTaBuna 91 ciyyai (95%-n [N:
63-133) Ha 10 000 6epemeHHOCTe C HaMBOMbLIVMMMN 3HAUEHUAMY

B TeX MCCNefoBaHNAX, KOTopble MPOBOANANCE B AGPUKAHCKOM
pervoHe BcemmpHO opraHmn3aLmm 30paBooxpaHenms (254; 95%-i
AN 152-421). OueHka MaTepUHCKOM CMepPTHOCTM Obina Ha YpOBHE
10,8% (95%-n OW: 7,6-15,3), @ CMepTb HOBOPOXKAEHHbBIX MK
MEPTBOPOXAEHHOCTb Habnoaanack B 29,8% cnyvaes (95%-n AN
24,2-36,1). Mo HabnogeHVsM aBTOPOB, 13yYaemoe 3aboneBaHvie
accouMmpoBanocb C POCTOM BEPOATHOCTU CMEPTU MaTepu
B 18,8 pa3a (95%-1 [W: 10,0-35,5) 1 HebNaronpuATHOro MCxoaa
ana nnoga B 4,6 pasa (95%-n [: 2,1-10,0). ABTOPbI BbIACHWAN,
YTO OCHOBHbBIMM 3TUOMOTUAMYK ObINW: NpedKknamncus (44,1%),
KpoBoTeueHue (26,2%) n cencuc (16,5%).

BbiBoA [eCTaLMOHHOE OCTPOe NOPaXKeHVe Noyek NpeacTaBnaeT
Cepbe3sHyio Yrpo3y MaTeEPUHCKOMY 3[0POBbIO B CTPaHax C HW3KMM
N CPeAHNM YPOBHEM [oxoAa. BolgeneHvie 6onbluero KonmyecTsa
pecypcoB Ha NpefoTBpalleHne PacnpPOCTPaHeHHbIX STUOMOTUI
AaHHoro 3aboneBaHWA 1 paclunpeHvie OCTYNHOCTN JOPOAOBOrO
YXOAa NMO3BOANT CHN3UTL BPeMA 11 YMEHbBLUMTbL BINAHWE Ha UCXOADI
ANs MaTepu 1 Nnoga.

Resumen

Incidencia de la lesion renal aguda asociada al embarazo en paises de ingresos bajos y medios: un metanalisis

Objetivo Realizar una revision sistematica y un metandlisis sobre la
lesion renal aguda asociada al embarazo en paises de ingresos bajos
y medios.

Método Se efectud una busqueda en las bases de datos Central
Cochrane, Embase, Google Scholar, OvidMedline, ProQuest y Scopus
de articulos publicados entre 2013 y 2025 que informaran sobre la
incidencia, etiologia y desenlaces de esta afeccidn en paises de ingresos
bajos y medianos. Se llevd a cabo un metanalisis de los estudios que
utilizaron los criterios diagndsticos de la organizacién Kidney Disease:
Improving Global Outcomes. Se realizaron andlisis por subgrupos y una
metarregresion para explorar fuentes de heterogeneidad.
Resultados Se revisaron 43 estudios, de los cuales 40 fueron incluidos
en el metandlisis, abarcando un total de 424 081 embarazos en 15 paises
de ingresos bajos y medios. Se observé una incidencia agrupada
de 91 casos (intervalo de confianza, IC del 95%: 63-133) por cada

10 000 embarazos, con la cifra més alta en los estudios realizados en
la Region de Africa de la Organizacion Mundial de la Salud (254; IC del
95%: 152-421). Se estimd una mortalidad materna del 10,8% (IC del
95%: 7,6-15,3) y una tasa de muerte neonatal o mortinatalidad en el
29,8% delos casos (IC del 95%: 24,2-36,1). Se identificd una asociacién de
esta afeccién con una probabilidad 18,8 veces mayor de muerte materna
(ICdel95%: 10,0-35,5) y 4,6 veces mayor de desenlaces fetales adversos
(IC del 95%: 2,1-10,0). Las principales etiologias fueron la preeclampsia
(44,1%), las hemorragias (26,2%) y la sepsis (16,5%).

Conclusion La lesion renal aguda asociada al embarazo representa
un problema relevante de salud materna en pafses de ingresos bajos y
medios. La asignacién de mayores recursos para prevenir las etiologfas
més frecuentesy ampliar la cobertura de la atencién prenatal permitiria
reducir su carga y sus efectos negativos sobre los desenlaces maternos
y fetales.
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