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The KDIGO (Kidney Disease: Improving Global Outcomes)
Controversies Conference on Women and Kidney Health
was convened to identify key sex and gender issues in
kidney care, practices for optimizing healthcare in women
with kidney diseases, and priorities for future research.
Participants emphasized the importance of addressing the
influence of sex and gender in diagnosis, risk assessment,
prognosis, and treatment of chronic kidney disease (CKD)
and its complications, as well as considering issues across
the lifespan (puberty, sexual and reproductive health,
menopause). CKD is a risk factor for adverse pregnancy
outcomes with every type of kidney disease and severity.
All women of reproductive age known to have CKD should
be counseled on contraception, the ideal timing of
pregnancy, the risks and outcomes for mother and fetus,
fertility treatments where these are available, medication
management, and medical aspects of pregnancy
termination. A successful pregnancy is possible across all
severities of CKD, including in women living with dialysis or
a kidney transplant. Pregnancy should be managed with a
multidisciplinary care plan based upon the type of kidney
disease and the presence and severity of kidney function
impairment, hypertension, and proteinuria. Systematic
assessment of blood pressure, proteinuria, and kidney
function in all pregnancies would facilitate diagnosis of
Correspondence: Giorgina Barbara Piccoli, Hospital Centre Hospitalier Le
Mans, Nephrologie-dialyse-UIRAV Avenue Roubillard 196, Le Mans, 72000
France. E-mail: gbpiccoli@yahoo.it; or Christina M. Wyatt, Duke Clinical
Research Institute, 300 W. Morgan Street, Durham, North Carolina 27701,
USA. E-mail: christina.wyatt@duke.edu
14Additional conference participants are listed in the Appendix.

Received 9 January 2025; revised 12 February 2025; accepted 25
February 2025; published online 28 May 2025

Kidney International (2025) 108, 355–379
CKD and detection of acute kidney injury (AKI). Follow-up
programs for women who experienced pregnancy-related
AKI, preeclampsia, or other hypertensive disorders of
pregnancy are important as these conditions may reflect
undiagnosed CKD and have important implications for
future cardiovascular health.
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S ex and gender influence the presentation, diagnosis, and
management of kidney diseases and their complica-
tions.1,2 Chronic kidney disease (CKD) can impact all

aspects of reproductive health, including menstrual health,
fertility, pregnancy outcomes, timing of menopause, body
image, and sexual desire and satisfaction (Figure 1).3–8 Over
the last 2 decades, gender disparities and reproductive health
have emerged as priority areas in kidney care, with advances
in evidence-based clinical practice, education, and training.
As a catalyst for further advances, KDIGO (Kidney Disease:
Improving Global Outcomes) convened a Controversies
Conference on Women and Kidney Health in February 2023.
Supported by an in-depth review of the most relevant liter-
ature, the goal was to describe current best practices, identify
areas of consensus and uncertainty, address ongoing contro-
versies, and outline priorities for future research (Tables 1 and
2). The conference included individuals with multidisci-
plinary clinical and scientific expertise (i.e., adult and pedi-
atric nephrology, obstetrics, reproductive health, neonatology,
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Girls born small or small 
for gestational age may 
have lower nephron 
number and higher risk 
of CKD and HDP over 
their lifespan

Women with CKD, especially if advanced, and on KRT

have a higher probability of experiencing sexual dysfunction

Menarche may be 
postponed and 
menses may be 
irregular in CKD, 
especially if 
advanced or on KRT

Fertility is reduced 
and pregnancy 
complications are 
more frequent in 
women with CKD 
and on KRT 

Menopause may occur earlier
and risk of osteoporosis may be
higher in women with CKD and
on KRT. Diagnosis of menopause
may be difficult against the
background of CKD

Timely counselling on sexual dysfunction, family planning, menopause,

and specific complications is the first step to address these issues

Figure 1 | Chronic kidney disease (CKD) and impact on women’s health throughout the lifespan. HDP, hypertensive disorders of
pregnancy; KRT, kidney replacement therapy.
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midwifery, nutrition, bioethics, and epidemiology), as well as
women with lived experience. Conference participants rep-
resented a broad range of healthcare and resource settings
across the globe, as well as diverse cultural, social, and reli-
gious perspectives. Conference participants considered
regional variation in the availability of resources, as well as
opportunities to address disparities in reproductive and kid-
ney health. Conference participants also considered issues
related to gender identity and gender equity in kidney disease
care and research. This report mainly focuses on kidney and
reproductive health in individuals assigned female sex at
birth, regardless of gender identity; the term “women” is used
throughout for ease of translation across languages and cul-
tural settings.

SEX AND GENDER DIFFERENCES IN CKD AND CKD
COMPLICATIONS
Based on the current definitions of CKD, women have a
higher prevalence compared with men, although it has been
suggested that the estimated glomerular filtration rate (eGFR)
threshold for diagnosis should perhaps be different in males
and females.1,15 Current equations for estimating GFR may
not fully address potentially relevant factors such as age, sex,
and gender.16,17 Furthermore, the influence of a moderate
reduction in eGFR on mortality and morbidity may differ
according to sex.18–22

Men are more likely than women to start kidney replace-
ment therapy (KRT),1,23 which may reflect an overestimation
356
of CKD in women,22,24,25 faster CKD progression in men,20,26

lower diagnosis and referral of women in the clinical
setting,27,28 or a higher likelihood of conservative care among
women.29,30

Women undergoing dialysis report a higher symptom
burden and greater symptom severity than men do.31 At the
same time, men with CKD or kidney failure generally show a
larger health deficit, that is, an increased divergence from the
health-related quality of life of age- and gender-matched
counterparts in the general population.32 Women with CKD
have a higher odds ratio of mortality compared to the non-
CKD population, even if their overall mortality rate is lower
than for men with CKD.20,33,34 Future studies should evaluate
whether decisions regarding initiation and type of dialysis,
conservative care, or withdrawal of dialysis vary by sex and
gender and whether the effects of sex and gender are
modulated by social, cultural, and economic contexts,
including differences in shared decision-making, social sup-
port, and perceptions of frailty or quality of life.35

Women may have reduced access to deceased donor kidney
transplantation compared with men,36–40 in part owing to
higher levels of preformed antibodies. Access to living donor
kidney transplantation varies in different countries.27 In many
settings, women are more likely to serve as living donors.41,42

According to a recent systematic review including 45 papers,
the main reasons for sex and gender disparities in living
kidney donation included socioeconomic (gendered division
of roles within the families), biological (higher prevalence of
Kidney International (2025) 108, 355–379



Table 1 | Areas of consensus related to reproductive health in women with kidney diseases

Clinical category Consensus points

Sexual functioning and fertility in women
with kidney diseases

� All women should have reproductive freedom.
� Reproductive healthcare should be embedded in all parts of the healthcare pathway.
� Family planning should be accessible, private, high-quality, nondiscriminatory, participatory, and

based on informed decision-making.
� Sexual functioning should be included as part of standard care and symptom assessment.
� All women with CKD of childbearing age should be advised of the following:

o Contraceptive choices, including reliability and safety
o Ideal timing of pregnancy (age, CKD severity, KRT)
o Potential outcomes of pregnancy for the mother and fetus based on clinical characteristics and
risks

� Women with CKD who are considering pregnancy should also be advised of the following:
o Optimization of nonmedical care (exercise, healthy nutrition, attainment of healthy body weight)
o Medication management in anticipation of pregnancy or at the start of pregnancy
o Fertility and assisted reproductive technologies
o Medical aspects of pregnancy termination

Pregnancy in women without known
kidney diseases

� Populations of high priority for serum creatinine and proteinuria or albuminuria testing include
patients with:
o Diabetes
o Autoimmune diseases
o Previous history of PR-AKI, preeclampsia, or other HDP
o Overweight or obesity
o Preexisting hypertension
o Personal history of low birth weight or prematurity
o Assisted reproductive technologies

Pregnancy in women with CKD A successful pregnancy is possible across all severities of CKD and on KRT within the individual and
health system
� Pregnant women with CKD should have access to multidisciplinary care and counseling from a

team with expertise in management of the underlying disease and obstetrics skilled in preg-
nancies in the presence of maternal diseases.

� Counseling and management should consider CKD severity (including need for KRT), type of
disease, disease activity, hypertension, and proteinuria.

� Control of the underlying disease and stabilizing kidney function in women with CKD and after
kidney transplantation improves the likelihood of a good pregnancy outcome.

� Aspirin prophylaxis should be offered to all pregnant women with CKD to lower the risk of
preeclampsia.

� In pregnant women with CKD, targeting home blood pressure to <130/80 mm Hg is a reasonable
objective.

� Serum creatinine, proteinuria, and other specific testing recommendations during pregnancy
should be adapted to the local context and available resources.a

� Antenatal kidney biopsy may be considered when it is expected to inform therapeutic man-
agement during pregnancy.

� The presence of stable CKD does not change obstetrical or fetal indications for delivery.
� Lactation should be supported if desired.
� Women who experienced psychological trauma or a mental health disorder following their

pregnancy9,10 may need specific counseling or specialist referral.

Pregnancy in women on KRT � Hemodialysis is the preferred modality for dialysis start in pregnancy, but peritoneal dialysis
should be considered in selected cases

� Intensive hemodialysis, adapted to local context and resources, allows for the best results.
� Urea levels may be used to guide dialysis intensity.
� Dialysis prescriptions should consider residual kidney function when titrating dialysis dose.
� Strict monitoring of calcineurin inhibitor levels is indicated, under expert supervision, acknowl-

edging the lack of evidence in this context.

Follow-up after pregnancy in patients
with new diagnosis of a kidney disease
or after HDP

� Patients with diagnosis or suspicion of a kidney disease during pregnancy should be offered
follow-up, ideally with a nephrologist.

� Postpartum visits with an obstetrician/gynecologist or other specialist after pregnancies
complicated by preeclampsia or HDP should include cardiovascular, metabolic, and CKD risk
assessments and diagnostic work-ups, if feasible.

� Women who experienced psychological trauma or a mental health disorder following their
pregnancy9,10 may need specific counseling or specialist referral.

� Women with CKD who experienced an HDP should undergo a preconception consultation if they
plan a new pregnancy.
o These women should be prescribed low-dose aspirin according to the current guidelines.11–14

CKD, chronic kidney disease; HDP, hypertensive disorders of pregnancy; KRT, kidney replacement therapy; PR-AKI, pregnancy-related acute kidney injury.
aEspecially in middle- to lower-resource regions, which represent the highest prevalence of CKD and incidence of hypertensive disorders of pregnancy, or in settings where
reimbursements are managed by private insurance providers, as in the USA.
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Table 2 | Key knowledge gaps and research priorities and strategies to improve reproductive health in women with kidney
disease

Knowledge gaps Research priorities and strategies

Epidemiology Fertility rates and pregnancy outcomes in women across
the severities and etiologies of CKD

� Capture pregnancy and parenthood data in all kidney
disease registries

� Harmonize core data sets for cohorts across the globe
to allow aggregation of pregnancy outcomes in
different kidney diseases

� Promote data sharing to allow pregnancy and other
reproductive health outcomes and interventions to
be evaluated in high-, middle-, and low-resource
regions

Reproductive issues in CKD
and kidney failure

� Fertility
o Assessment of ovarian reserve and impact of
therapies potentially affecting it

� Contraception
o Impact of CKD on contraception efficacy; best
approach for addressing contraception in amenor-
rhoeic women with CKD; timing of discontinuing
contraception in CKD

� Menopause
o Distinguishing CKD-amenorrhea from natural
menopause

o Impact of menopause and menopausal therapies
on kidney function

� Fertility
o Develop studies to determine ovarian reserve
in CKD also with respect to the impact of
contemporary cyclophosphamide regimens

� Contraception
o Explore effectiveness of counseling delivered
by nonnephrologists (such as nurses or pharma-
cists) in accordance with patient’s values and
preferences

o Evaluate safety and efficacy of intrauterine devices
in patients with kidney transplant or on peritoneal
dialysis, as well as each contraceptive method in
CKD, comparing type, dose, route of administration,
duration of use, and severity of CKD

� Menopause
o Capture menopausal symptoms and diagnosis in
women with CKD or kidney replacement therapy

o Evaluate the timing and treatment of menopause
and link to kidney and cardiovascular outcomes

o Add menopause symptoms to research studies of
symptom burden in CKD

o Examine the impact of menopausal hormone
therapy in the setting of CKD

Measuring kidney function
in pregnancy

� How to interpret measures of eGFR in pregnancy
given the normal changes in serum creatinine

� Cost effectiveness of universal kidney function
(e.g., eGFR, urine albumin) screening

� Evaluate the diagnostic and prognostic yield of
testing kidney function in pregnancy, as well as the
effect of identifying CKD on short- and long-term
outcomes

Pregnancy outcomes and
management

� Outcome data for different types of kidney diseases
� Best drug management (timing for discontinuation of

potentially toxic drugs; approach to anticoagulation
and antiplatelet therapies; use of phosphate and
potassium binders)

� Best nutritional management
� Best management of anticoagulation
� Timing of kidney biopsy in pregnancy in native and

transplanted kidneys
� Optimal follow-up (timing, tests) for pregnant women

with CKD

� Define a predictive score for maternal and fetal out-
comes in women living with CKD

� Define the best timing of drug management prior to
or at the start of pregnancy (e.g., RAAS blockade,
SGLT2 inhibitors, nonsteroidal mineralocorticoid
receptor antagonists, or glucagon-like peptide-1
receptor agonists)

� Assess the impact of the type and intensity of
nephrology follow-up during at-risk pregnancies on
maternal and fetal outcomes

� Define the best timing for kidney biopsy in pregnancy
and its role relative to biomarkers of different kidney
diseases

� Assess the risk of biopsy complications according to
setting of care

� Identify the prognostic role of changes in creatinine
levels in pregnancy

� Define the best nutritional assessment and advice for
pregnant CKD patients

� Assess the long-term effect of maternal diets on
mothers and offspring

� Develop and validate electronic health records–based
algorithms to identify women at risk after
pregnancies and evaluate clinical decision supports
for risk stratification (e.g., flags for general
practitioners, invitation to postpartum clinic)

� Evaluate effectiveness of remote postpartum coun-
seling for women after complicated pregnancies

(Continued on following page)
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Table 2 | (Continued) Key knowledge gaps and research priorities and strategies to improve reproductive health in women with
kidney disease

Knowledge gaps Research priorities and strategies

Timing of delivery in women
with CKD

� The best timing for delivery in women with CKD
� Information on risk factors for late complications

� Assess whether early delivery (32–34 weeks), in the
absence of agreed fetal indications, offers greater
kidney protection for the mother and whether de-
livery at 32–34 weeks has adverse effects for the fetus

� Define the gains in the short- and long-term to
prolonging pregnancy from 34 weeks and beyond
37 weeks

� Analyze the delivery policies with respect to long-
term maternal and offspring outcomes (kidney
function, cardiovascular health, other)

� Identify the frequency and the risk factors of sudden
and unpredictable maternal and fetal deterioration

� Validate biomarker use for diagnosis of preeclampsia
in CKD

Kidney replacement therapy
in pregnancy

� The best timing and the indications for dialysis start in
pregnant women with CKD or with AKI

� The potential advantages of hemodialysis versus
peritoneal dialysis during pregnancy

� Optimal drug management during pregnancy in
kidney transplant patients

� Whether pregnancy represents an added risk of car-
diovascular impairment in women receiving kidney
replacement therapy

� Identify optimal strategies with respect to dialysis
start, frequency, and duration for improving maternal
and fetal outcomes in CKD and in AKI

� Compare outcomes in pregnant women who
continue peritoneal dialysis and in those who switch
to hemodialysis during pregnancy

� Assess the advantages of dosing calcineurin inhibitors
levels in pregnancy on graft function and
hypertension

� Assess pregnancy and graft outcomes of switching
transplant immunosuppression before or during
pregnancy

� Explore whether pregnancy complications add to
existing cardiovascular risks

PR-AKI and preeclampsia � During pregnancy
o A consensus definition of superimposed
preeclampsia

o The relationship among preeclampsia, AKI, and CKD
o The best use of angiogenic markers to support
diagnosis and decision-making and the advantage
of longitudinal testing in high-risk pregnancies

o Criteria for AKI diagnosis, in particular in the
absence of baseline data

� After pregnancy
o The role of preeclampsia (causal factors, failed
stress test, or marker of undiagnosed CKD) in the
pathogenesis and diagnosis of CKD

o The best criteria and cost-effectiveness for referral
and follow-up of women after preeclampsia and
related disorders to specialist care after an HDP

o The best selection of patients who benefit from
specialist follow-up

� Establish an evidence-based consensus on blood
pressure diagnostic and treatment threshold targets,
long-term cardiovascular disease risk assessment, and
HDP terminology

� Establish agreed criteria for diagnosing PR-AKI
� Promote prospective studies of women after pre-

eclampsia with or without identification of CKD, to
quantify the benefit of early medical and lifestyle in-
terventions after AKI or HDP

� Develop and validate a cardiovascular and kidney
health risk score that includes history of HDP

� Identify specific phenotypes of HDP, integrating the
use of different biomarkers and their risk factors

� Investigate whether genetic and complement factors
are correlated with specific phenotypes of HDP and
predict long-term consequences

� Investigate the association between preeclampsia
and subsequent CKD in different populations and
socioeconomic settings.

� Evaluate diagnostic accuracy of novel diagnostic
markers in PR-AKI

� Conduct longitudinal studies or accurate data linkage
to define the longer-term outcomes of women (and
their offspring) with a history of PR-AKI

� Define specific treatment strategies (e.g., magnesium
prescriptions according to kidney function, and on
dialysis)

Follow-up of children � Strategies to prevent later CKD, cardiovascular dis-
ease, and metabolic abnormalities

� Selection of children who would benefit from being
followed-up with higher intensity

� Study the long-term outcome of children of women
with CKD, on dialysis or living with a kidney
transplant, according to severity of CKD and
pregnancy outcomes

(Continued on following page)
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Table 2 | (Continued) Key knowledge gaps and research priorities and strategies to improve reproductive health in women with
kidney disease

Knowledge gaps Research priorities and strategies

� Evaluate the best strategies to prevent CKD, cardio-
vascular disease, and metabolic abnormalities in
children born to mothers with CKD or who experi-
enced PR-AKI or preeclampsia or other HDP

� Compare data obtained in children of women with
CKD according to severity of CKD

� Compare data obtained in children of women with
CKD, PR-AKI, or after preeclampsia or other HDP

AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HDP, hypertensive disorders of pregnancy; PR-AKI, pregnancy-related acute
kidney injury; RAAS, renin–angiotensin–aldosterone system; SGLT2, sodium glucose co-transporter-2.
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male patients; higher risk of sensitization in women), and
cognitive and emotional factors (more positive attitude to-
ward donation in females).43

In the general population, the impact of cardiovascular
disease varies by sex,44 with stroke and heart failure causing
more hospitalizations and deaths in women than in men,45

and coronary heart disease causing more hospitalizations
and deaths in men.45 In people with CKD, sex differences in
outcomes also vary between types of cardiovascular disease,
and the magnitude of sex differences depends on severity of
CKD.33,46–49 When examining sex differences in cardiovas-
cular outcomes or mortality in patients with CKD, future
studies should systematically consider background sex dif-
ferences in the general population and should carefully
characterize both sex and gender.

Women are at increased risk of fractures due to osteopo-
rosis, but fracture risk and concomitant CKD–mineral and
bone disorders are not uniformly screened for, diagnosed, or
treated in women with CKD.50,51 Osteodensitometry mea-
surement is not uniformly available, and parathyroid hor-
mone, the most commonly used marker of CKD–mineral and
bone disorders, is not a robust marker for fracture risk. Serum
parathyroid hormone, calcium, and phosphate targets may
differ by sex, but data are limited.50

Participation in clinical trials
Unequal sex and gender representation in clinical trials is an
issue regardless of condition, study phase, location, or
sponsor. A recent analysis of 1442 registered clinical trials
published from 2015–2019 in 3 top medical journals found
higher inclusion of males (56%) than females (44%).52

Within 19 nephrology trials, participant distribution was
59% male and 41% female.52 Gender inequalities in leader-
ship and participation in randomized controlled trials in
nephrology did not improve from 2011 to 2021.53 Lower
representation of females has been observed in recent trials of
sodium glucose co-transporter-2 (SGLT2) inhibitors, miner-
alocorticoid receptor antagonists, glucagon-like peptide-1
receptor agonists, and kidney transplant.54 Likewise, in ran-
domized controlled trials in patients on maintenance dialysis
or with kidney failure, females are underrepresented in all
regions and countries.55,56 Differences may persist even after
360
adjustment for sex distribution in the sampled dialysis
populations.55,56

Sex and gender are not included in CONSORT (Consoli-
dated Standards of Reporting Trials) guidelines. Recommen-
dations from the SAGER (Sex and Gender Equity in
Research) guidelines include procedures for the reporting of
sex and gender information in study design, data analyses,
results, and interpretation of findings,57 but adoption is not
widespread.58

REPRODUCTIVE HEALTH IN CKD
Comprehensive reproductive healthcare in women with CKD
should seek to minimize unplanned pregnancies and support
desired pregnancies.

Contraception in CKD
All women of childbearing age with CKD, including those
living with dialysis or with a kidney transplant, should receive
information regarding contraception in accordance with their
values and preferences.3,59–61 Family planning should be
accessible, respectful of patient privacy, high quality,
nondiscriminatory, informed, and based on shared decision-
making. Contraception should be regularly revisited to ensure
effective implementation and adherence.62

Available evidence suggests that oral contraceptives do not
substantially impact kidney function.3,63–65 Contraception is
feasible in all patients with CKD, including those living with
dialysis or with a kidney transplant, although particular care
to avoid adverse effects is required.59 An individualized
approach is required, particularly in amenorrhoeic women
with advanced CKD and on KRT, as well as those with high-
grade proteinuria, hypertension, or underlying vascular
disease. There is no absolute ban for any type of contracep-
tion, but progesterone-only contraception is associated with
lower risks of adverse effects than combined hormonal
contraception in older and younger age groups and in the
presence of immunologic diseases or hypercoagulability
states. Barrier methods and intrauterine devices are viable
options, provided that infectious risks are managed, especially
at the time of positioning them. These considerations hold
also for kidney transplant patients.56,59,66 The timing of the
discontinuation must also be tailored to personal and medical
Kidney International (2025) 108, 355–379
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needs, balancing the risks of unplanned pregnancy with those
of continued contraception.66,67

Appropriate contraceptive advice for adolescents with
CKD and on KRT is critical during the transition from pe-
diatric to adult kidney care, because teen pregnancies have a
higher risk of preeclampsia and other pregnancy complica-
tions.68–70

Sexual dysfunction in CKD
Female sexual dysfunction is common, especially in advanced
CKD and in patients on KRT.71–73 This issue is minimally
addressed by nephrologists, because of lack of training and
uncertainty regarding treatments.74,75 Consequently, self-
administered treatments or approaches led by alternative
practitioners are sometimes used. There was consensus
among conference participants that sexual functioning should
be included as part of general symptom assessment in women
with CKD across all severities, addressing hormonal balance,
drug side effects and interactions, nutritional status, and
psychological and mental health, including changes in body
image. Multidisciplinary work-up, including psychology and
primary care, may identify individualized solutions.

Menopause and amenorrhea in CKD
Hormonal changes, most importantly hyperprolactinemia
and hyperparathyroidism, as well as uremic toxicity and
nutritional deficiencies in women with CKD may lead to
anovulation, irregular bleeding, and amenorrhea.76 Dis-
tinguishing CKD-related amenorrhea from natural meno-
pause is important for reproductive counseling, fertility
treatment, and diagnosis and management of menopause.66

Irregular menses are common in advanced CKD and on
dialysis, with improvement in menstrual abnormalities in up
to 30% of women after kidney transplantation.6 How to
further improve menstrual health in women living with a
kidney transplant needs to be further addressed.

Women with CKD-related amenorrhea can be mis-
diagnosed with menopause because the usual definitions of
secondary amenorrhea (6 months or longer without menses
in a woman who experienced menarche) from American
College of Obstetricians and Gynecologists (ACOG)77,78 and
menopause (amenorrhea of 12 months, marking the end of
the fertility life-phase) may overlap.3,5,6,67,79 Determining
menopausal status via hormonal levels (e.g., Women Ischemic
Syndrome Evaluation classification80) is not reliable in
women undergoing maintenance dialysis.81 Kidney trans-
plantation and adequate or high-efficiency dialysis have been
associated with resumption of menses in up to one-half of the
cases studied.82

The effect of menopause on kidney health is uncertain.5

However, premenopausal women who undergo bilateral oo-
phorectomy, particularly those #45 years old, are at higher
risk of developing CKD.83 Menopausal hormone therapy84

has been associated with decreased odds of albuminuria,85

while studies examining the effect of menopausal hormone
therapy on eGFR have yielded conflicting results.86,87 Studies
Kidney International (2025) 108, 355–379
examining the effects of menopausal hormone therapy on
cardiovascular outcomes in women with CKD are very few.88

Recently, a large observational study from South Korea,
reporting on over 750,000 postmenopausal women with
CKD, supported that those exposed to hormone replacement
therapy had lower risks of major adverse cardiovascular
events, progression to kidney failure, and all-cause mortal-
ity.89 The results should, however, be considered with caution
because of the observational nature of the investigation.
PREGNANCY IN CKD
Birth rates and fertility in CKD and with KRT
CKD affects about 3% of women of childbearing age, and the
prevalence is likely higher in some regions.90,91 Similar to the
epidemiology of CKD in the general population, most of
these cases are in early stages, and fertility is likely preserved;
fertility rates decrease with kidney disease progression.25,27

Overall, the prevalence of CKD in pregnancy may increase
due to older age at pregnancy, wider use of medically assisted
reproduction, and involvement of patients with CKD in
reproductive choices.92 Although a successful pregnancy is
possible across all severities of CKD, fertility is lowest in
women on dialysis and is only partially restored after kidney
transplantation.93 Fertility (live birth rates) and fecundity
(conception) in women with CKD or on KRT are difficult to
estimate given variability in reported measures (conception,
live births, deliveries), underreporting of early pregnancy loss
or termination, and lack of data in many regions. The most
robust data have emerged from large registries or cohort
studies in Australia, North America, and Italy.94–98 Birth rates
in women undergoing dialysis are rising, but remain sub-
stantially lower than in kidney transplanted cohorts, while
pregnancy is 40%–50% rarer on peritoneal dialysis versus
hemodialysis therapy.93–95,97–99
Preconception counseling in CKD
Conference participants agreed that reproductive freedom
should be ensured to all women with CKD, including those
on dialysis or after kidney transplantation.100,101 Repro-
ductive care should be embedded into all stages of
nephrology care, including dialysis and pre- and posttrans-
plant protocols.102–104 All women of reproductive age with
CKD should be offered balanced, personalized preconcep-
tion counseling, considering local practices, resources, and
culture.105 Counseling should ideally be multidisciplinary,
involving nephrologists and obstetricians along with experts
in maternal-fetal and reproductive medicine, kidney trans-
plantation, urology, and genetics, as indicated. Counseling
should be offered from the initial nephrology visit and
should cover maternal and fetal outcomes of pregnancy,
fertility and assisted reproductive technologies where avail-
able, optimal timing of pregnancy (considering age, severity
of CKD, and treatment), medication management in antic-
ipation of pregnancy, and medical aspects of pregnancy
termination (Table 3).60,106,107
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Table 3 | Main counseling topics for pregnancy in CKD

Maternal outcomes of pregnancy in CKD � A successful pregnancy is possible across all severities of CKD and with kidney replacement
therapy.

� Women with CKD have an increased risk of HDP and of preterm delivery (risk is increased in CKD
G1 and increases with progressive impairment of kidney function).

Pregnancy and fetal outcomes of pregnancy
in CKD

� Several complications are more common in women with CKD: IUGR, SGA, preterm birth,
C-section delivery, admission to the intensive care unit (both for the mother and the infant), and
neonatal mortality.

� The likelihood of adverse pregnancy outcomes is related to type of disease, degree of disease
progression, degree of proteinuria, and presence and control of hypertension.

� Risk of congenital anomalies is not increased in women with nondiabetic CKD, with the
exception of genetic diseases, provided no fetotoxic medication is used. Risk of fetal anomalies is
increased in patients with diabetes, regardless of the presence of CKD.

� Children born very preterm or SGA are at higher risk of developing hypertension, metabolic
diseases, and CKD in adulthood.

Fertility and assisted reproduction in CKD � Fertility is reduced in women with CKD, related to impairment of kidney function and type of
disease (greater reduction in some immunologic diseases, particularly systemic lupus
erythematosus).

� Consider early referral for fertility assessment and assisted reproductive techniques.
� Discuss the limited data available on efficacy and safety of IVF in women with CKD (evaluate

single embryo transfer considering risk of complications with multiple pregnancies).

Timing of pregnancy in CKD � Effects on maternal and fetal outcomes are related to type of disease, severity of CKD, degree of
proteinuria, and presence and severity of hypertension.

� Prior to pregnancy:
o Optimize blood pressure (whenever possible <120/80 mm Hg pre-pregnancy). Elevated blood
pressure at the start of pregnancy is associated with increased risk of pregnancy loss

o Stabilize progression of CKD and albuminuria (when possible)
o Stabilize and optimize underlying CKD treatment and control (i.e., diabetes mellitus, systemic
lupus erythematosus)

o Optimize immunosuppressive treatment in kidney transplant patients
o Define an individualized “best timing” for pregnancy after KRT

Progression of CKD in pregnancy � Pregnancy may accelerate progression of underlying CKD, in particular in advanced CKD.
� Risk of CKD progression may be increased in women who develop HDP.
� Individuals with advanced CKD should be offered counseling about the possibility of needing

dialysis in pregnancy.

CKD, chronic kidney disease; HDP, hypertensive disorders of pregnancy; IUGR, intrauterine growth restriction; IVF, in vitro fertilization; KRT, kidney replacement therapy; SGA,
small for gestational age.

KDIGO execu t i ve conc lu s i ons GB Piccoli et al.: Women and kidney disease: a KDIGO conference report
Treatment of the underlying kidney disease should be
optimized before pregnancy, with consideration of modifi-
cations that would be required before or shortly after
conception. Optimizing blood pressure control before preg-
nancy is essential, and in patients with diabetes, optimal
glycemic control reduces the risk of congenital malformations
and improves pregnancy outcomes.108,109

Systemic immunologic diseases involving the kidney are
associated with an increased risk of adverse pregnancy out-
comes, regardless of disease severity. The risk decreases when
the disease is in remission for at least 6 months. Changing
potentially teratogenic treatments, such as mycophenolate
acid analogues, to minimize risk of fetal harm may be asso-
ciated with an increased risk of disease flares; therefore,
confirmation of remission over a few months is recom-
mended prior to pregnancy.110 There is controversy about the
use of cyclophosphamide in women of childbearing age with
systemic lupus erythematosus, vasculitis, or glomerulone-
phritis, as withholding cyclophosphamide for fear of effects
on fertility may risk undertreatment, and cyclophosphamide
may be the only option in some settings. Clinical approaches
varied among conference participants with respect to cyclo-
phosphamide use in women of childbearing age, as well as use
362
of gonadotropin-releasing hormone analogues for ovarian
protection.111

In women with genetic kidney diseases, genetic counseling
should address inheritance risk, prognosis, potential in-
terventions in the patient and in her offspring, and the
context-sensitive option of preimplantation genetic diag-
nosis.112,113 The increased risk of adverse pregnancy out-
comes linked to in vitro fertilization should be mentioned, as
discussed below.114 In women with congenital anomalies of
the kidneys and urinary tract (CAKUT) or with autosomal
dominant polycystic kidney disease and markedly enlarged
kidneys, preconception counseling may benefit from
involvement of a urologist.113

In women with advanced CKD or on KRT, assessment of
fertility and assisted fertilization may be needed. In vitro
fertilization is feasible in CKD, but relevant data are limited
and mainly arise from kidney transplant recipients.115 Anti-
Müllerian hormone testing may be unreliable, because low
levels are associated with vascular impairment, and high levels
may occur when renal clearance is markedly reduced.116,117

Conference participants emphasized that fertility assessment
should not be based on anti-Müllerian hormone testing
alone.
Kidney International (2025) 108, 355–379
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Basic approaches to infertility in women with CKD include
optimization of nutritional status, detection of hormonal
imbalances (including thyroid and parathyroid hormones and
prolactin), and correction of anemia. Optimization of the
dialysis dose is needed for women on dialysis; increasing
hemodialysis frequency and duration may be advised. In
women treated with peritoneal dialysis, especially if without
residual kidney function, switching to hemodialysis may be
considered to improve chances of conception. Evidence to
support these strategies is limited, and approaches should be
individualized.102

Measuring kidney function during pregnancy
Most women of childbearing age do not have GFR evaluation
prior to or during pregnancy; therefore, when kidney
impairment is identified for the first time in pregnancy, there
are often no previous measures for comparison.

Kidney function changes throughout pregnancy, leading to
an early decrease in serum creatinine, followed by a return
to initial values peripartum (Figure 2).118–122 The gold stan-
dard measurement during pregnancy is 24-hour creatinine
clearance, because neither creatinine-based nor cystatin
C-based GFR-estimating equations are validated in preg-
nancy.123,124 However, 24-hour creatinine clearance is
cumbersome and subject to preanalytical errors, leading to
variable usage.60,107

Because women with CKD are at higher risk for adverse
pregnancy outcomes, screening for undiagnosed CKD during
pregnancy may guide management and improve outcomes;
however, the advantages of systematic screening need to be
demonstrated by dedicated long-term studies.125–127 Testing
serum creatinine, in addition to proteinuria, pre-, during, or
postpregnancy may identify at least advanced CKD.128

The World Health Organization advises routine assessment
for proteinuria during pregnancy.129 Participants propose
expanding the use of serum creatinine and albuminuria or
proteinuria testing according to local policies and resources.
While some nephrology societies recommend universal
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screening,130 measurements of serum creatinine and albu-
minuria or proteinuria before or at the start of pregnancy
should be advised at least in individuals with diabetes, auto-
immune diseases, obesity, preexisting hypertension, or per-
sonal history of low birth weight or prematurity, AKI,
preeclampsia or other hypertensive disorders of pregnancy
(HDP), or assisted fertilization. It is important to consider
pregnancy-related changes if the first assessment is done
during pregnancy.129

Clinical considerations
Pregnancy in women with CKD not undergoing dialysis.

Women with CKD have an increased risk of pregnancy-
related complications, including preterm delivery, develop-
ment of or increase in proteinuria, development or worsening
control of hypertension, and preeclampsia and other
HDP.131–133 The main risks for infants, discussed in detail
below, are linked to prematurity; there is no evidence of an
increase in fetal malformations in the offspring of mothers
with CKD, besides those related to genetic diseases
(Supplementary Table S1), concomitant diseases such as
diabetes mellitus, or drug-associated teratogenicity.

The main factors modulating maternal and fetal outcomes
with CKD are preconception eGFR, proteinuria, especially if
>1 g/d, and hypertension, especially if not optimally
controlled. The baseline eGFR is probably the most important
determinant of outcomes.131–133 The trajectory of creatinine
during pregnancy is important: in women with CKD G3–G5
or with a kidney transplant, a decrease of $10% of serum
creatinine during early to mid-pregnancy (reflecting adapta-
tion to physiological changes) has been associated with
reduced maternal and fetal morbidity.134,135 Other factors
that affect outcomes include type of kidney disease, disease
activity (remission or relapse), control of the underlying
disease, and presence of antiphospholipid antibodies.110 In
unplanned pregnancies, the continuation of teratogenic or
toxic drugs may contribute to adverse pregnancy outcomes.
Development of a predictive score to estimate maternal and
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fetal morbidity, including as many of these potential effect
modulators as possible, is identified as a research priority.

Specific issues related to glomerular diseases in pregnancy
were recently addressed in a consensus paper.110 Because
immunologic diseases can flare in pregnancy, awareness and
close monitoring are needed, even if the frequency of flares
may not be increased compared with nonpregnant
women.110,136 A differential diagnosis including HDP is
required, especially after 20 gestational weeks.79

Pregnancy in previously unknown kidney disease.
Pregnancy may provide the first opportunity to diagnose
CKD (Figure 3).137,138 Kidney function is usually tested in the
setting of complications, such as proteinuria, hypertension,
kidney infection, or pain.

Kidney ultrasound is mandatory, because CAKUT or
interstitial diseases are associated with a higher risk of preg-
nancy complications and may present with increased pro-
teinuria or hypertension during pregnancy.139,140

The work-up when there is suspicion for glomerular dis-
eases should be adapted to local resources and include com-
plement fractions, IgA, IgG, IgM, antinuclear antibodies,
extractable nuclear antibodies, anti-neutrophil cytoplasmic
antibodies, antiphospholipid antibodies, glycated hemoglobin
(A1c), and serologic testing for human immunodeficiency
and hepatitis B and C viruses. In patients with heavy pro-
teinuria, anti-PLA2R antibodies and serum and urine
immunoelectrophoresis may be added.110 Additional tests
may be available in the future.141 Microhematuria is present
in up to 20% of healthy pregnancies, but urinary casts are
unusual without active glomerular diseases.142

The differential diagnosis with HDP, discussed below, is
often crucial.

Kidney biopsy
Kidney biopsy should be considered during pregnancy when
it is likely to change management in the time frame of the
pregnancy. A previous systematic review found that biopsy
during pregnancy has increased risks of complications
compared to postpartum biopsy, peaking around 25 weeks.143

More recent reports indicate a lower, but still significant, risk
of severe adverse events (Supplementary Table S2). The
setting of care should be considered, and shared decision-
Pregnancy is a checkpoin

Pregnancy may be the first occasion in 
which a young woman discovers CKD, 
either during a health check or in the 
presence of signs and symptoms 
(hypertension, proteinuria, reduction of 
glomerular filtration rate).

Over 10% of women develop one or more 
HDP during their reproductive life.

A wom
needs 
and its

A wom
be eva
she sh
further
cardiov

Figure 3 | Pregnancy as a checkpoint for maternal health. CKD, chro
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making is essential. In some settings, performing the kidney
biopsy during pregnancy versus immediately after pregnancy
may allow otherwise uninsured women to have a definitive
diagnosis and start treatment.110,144 Conference participants
recommend that the most experienced operator perform the
kidney biopsy, and risks of pre- and postprocedure bleeding
versus risks of the discontinuation of aspirin or heparin
should be discussed on an individual basis.

Angiogenic markers for assessment of preeclampsia
If hypertension and proteinuria or an increase in serum
creatinine are present after 20 gestational weeks in singleton
spontaneous pregnancies, the differential diagnosis between
CKD and preeclampsia should be considered. Preeclampsia
and HDP may occur earlier in multiple pregnancies, preg-
nancies achieved by in vitro fertilization, or cases with severe
fetal or placental malformations.145–148 Women with CKD
commonly experience worsening hypertension and protein-
uria toward the end of pregnancy, which imposes a challenge
in differential diagnosis from preeclampsia superimposed on
CKD.

Pro-angiogenic and anti-angiogenic placental biomarkers,
most commonly soluble fms-like tyrosine kinase-1 (sFlt-1) or
the ratio between sFlt-1 and placental growth factor (PlGF),
may support the differential diagnosis between CKD and
preeclampsia. These tests, which are validated after 20
gestational weeks, have a high negative predictive value for the
diagnosis of preeclampsia, and, in the setting of hypertension
and proteinuria, normal levels may therefore suggest the
presence of CKD.110,149 Likewise, normal fetal growth, at least
before 32–34 gestational weeks, supports CKD more than
HDP.149–153

While useful for ruling out preeclampsia and identifying
patients who could benefit from intensified surveil-
lance,149,154–156 these biomarkers should not be used in
isolation or to prompt delivery. Of note, these biomarkers
have not been validated in advanced CKD or in patients on
dialysis and are not uniformly approved for clinical use. The
diagnosis of preeclampsia superimposed on CKD may be
particularly challenging; the few available studies suggest that
the pattern of biomarkers may be different in these
cases.149,150
t for maternal health

an being diagnosed with CKD in pregnancy
a follow-up plan according to her disease
 severity.

an who experienced one or more HDP should ideally
luated for the presence of CKD. At the very least,
ould be warned of the risks of recurrence in
 pregnancies and of the risk of developing
ascular disease, hypertension, and CKD.

nic kidney disease; HDP, hypertensive disorders of pregnancy.
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Pregnancy in women receiving KRT. Patient and clinician
perspectives and approaches are highly variable across
countries and settings, and are important modulators of birth
rates in women on KRT.99,157 Residual kidney function in
women on dialysis and better allograft function in transplant
recipients confer improved fertility and outcomes.157–159

Other factors impacting live birth rates in KRT include type
of underlying kidney disease, comorbidities, years on dialysis,
and dialysis intensity.33,157–159 Patient expectations are
changing toward wanting to achieve pregnancy, which creates
broader ethical implications for clinicians and resource
challenges for health services. Conference participants
acknowledged that pregnancy while on dialysis may not be
supported for all women, due to individual and local contexts.
This pragmatic statement coexists with the strong support of
conference participants for reproductive autonomy. Each
setting should develop approaches to pregnancy in women
receiving dialysis that balance individual autonomy with
organizational, health system, and societal considerations.

Pregnancy-associated morbidity remains high in women
receiving KRT.157–160 High rates of preterm birth (>50%) and
subsequent perinatal morbidity and mortality are driven by
high rates of preeclampsia or placental dysfunction (>30%–

50%).
Pregnancy outcomes in kidney transplant recipients are

similar to those in women with CKD with similar kidney
function135,160 and are not always superior to those obtained
with intensive hemodialysis.159 Graft loss due to pregnancy is
a clinical concern that is not borne out in recent data.161–166

Given the rare occurrence of pregnancy in women on
chronic dialysis and the limited data from low- and middle-
income countries (LMICs), the incidence of severe adverse
outcomes, including maternal death, is unknown. Risk of
maternal mortality is very low in high-resource settings;
Social ecological mo
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however, data are inconsistently captured, and long-term
follow-up is rarely reported.157,159,167

Strategies for improving pregnancy outcomes in women
receiving KRT include robust preconception counseling and
management, optimization of lifestyle factors and pharma-
cologic therapy, and, whenever possible, management in a
tertiary care facility with an expert multidisciplinary team
(Figure 4).

Increasing dialysis intensity improves outcomes, especially
in women without residual kidney function.159 Unfortunately,
availability of in-center extended-hour hemodialysis is
limited, and strategies to facilitate intensive dialysis, including
home dialysis and hospitalization, may not always be
feasible.137,168 Choice of dialysis modality in pregnancy will
depend on individual choice, clinical context, and local
availability. While fertility is lower on peritoneal dialysis,
peritoneal dialysis remains an option particularly in patients
with residual kidney function or where hemodialysis is less
accessible.169,170

The management of immunosuppression in pregnant
women with a kidney transplant varies regionally and across
centers. Cyclosporine and tacrolimus are widely used, although
interpretation of blood levels in pregnancy may be chal-
lenging171 since target levels in pregnancy are not defined. Due
to physiological hemodilution and changes in the unbound
fraction, whole blood levels that are in the usual therapeutic
range may be misleading, resulting in toxicity including graft
dysfunction and hypertension in pregnancy.170,172

In advanced CKD, pregnancy may precipitate the need to
start dialysis.134 Although urea is considered directly fetotoxic
and a marker of the biochemical milieu used to target dialysis
efficiency in pregnancy, there is uncertainty around the urea
threshold for starting dialysis.159,173,174 Residual kidney
function, catabolic states, and protein intake are the main
del of factors determining
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factors affecting urea levels in advanced CKD.175 Residual
kidney function should be considered in determining the
dialysis prescription in pregnancy. Twenty-four–hour creati-
nine and urea clearance are probably the best means by which
to calculate residual kidney function.176,177

Although intensive dialysis improves perinatal outcomes,
rapid loss of residual kidney function is a major risk of
intensive dialysis schedules outside the context of preg-
nancy.178,179 Women with good residual function may not
require intensive dialysis to achieve low predialysis urea levels,
reducing this risk and the burden on patients and dialysis
services. Different targets have been proposed, including
predialysis urea <12 mmol/l and predialysis blood urea
nitrogen <50 or <35 mg/dl.180,181 As discussed below,
nutritional management may help stabilize urea levels in
select patients.182

Follow-up during pregnancy in CKD
Key prognostic factors for maternal and fetal outcomes
should be evaluated. In addition to kidney-related factors,
these include age, parity, nonsingleton pregnancy, obesity,
and obstetric and personal history, including patient birth
weight and gestational age at birth.

Ideally, all women diagnosed with CKD before or during
pregnancy should be offered dedicated follow-up during
pregnancy,60,106,107,125,183 recognizing that this may not be
possible in all settings. Although all women with CKD have
an increased risk of complications, extensive follow-up with
specialized obstetric nephrology services may not be necessary
if preconception parameters are favorable and no problem
arises during follow-up.

The timing and types of tests to be performed in pregnant
women with CKD are not established. Basic biochemistries
include serum creatinine, urea, proteinuria (urine albumin-
to-creatinine ratio, urine protein-to-creatinine ratio, or timed
urine collection, considering local resources and patient
preference), serum albumin, hemoglobin, and iron status,
with additional testing as appropriate to the severity of CKD
(Table 4). At a minimum, normotensive individuals with
CKD without baseline proteinuria, normal prepregnancy
eGFR, and without immunologic kidney diseases should
undergo proteinuria and serum creatinine measurements in
each trimester. The frequency should be increased in cases
with decreased prepregnancy eGFR, proteinuria, or immu-
nologic diseases.60,106,107,125,183

Likewise, frequency and type of fetal surveillance should
be individualized based on risk assessment and resource
availability. Serial assessments of fetal growth should be
planned, referring to locally validated standards.184 Fetal
sonography and monitoring of uterine and umbilical
Doppler flows are the gold standard; however, in settings
where these imaging methods are not available, serial mea-
surements of symphysis–fundal height is an inexpensive,
easily performed alternative.184

Women with higher risk of complications should ideally be
managed by a multidisciplinary team, with outpatient visits
366
with a nephrologist or, when not available, a trained nurse
together with an obstetrician or a midwife. In the absence of
specialist care, at-home monitoring and remote telemedicine
consultations may be an option. Implementation of tele-
medicine is a priority area for research, considering the bar-
riers of start-up costs, lack of available specialists, limited
internet access, and inconsistent reimbursement.

Postpartum follow-up should include measurements of
blood pressure, eGFR, albuminuria or proteinuria; disease-
specific tests; and resumption of medications contra-
indicated during pregnancy, such as angiotensin-converting
enzyme inhibitors. Breastfeeding is discussed below.

Aspirin for preventing preeclampsia and indications for
heparin
All pregnant women with CKD should receive prophylactic
low-dose aspirin, started before 12 weeks gestation and up to
term or to 34–36 weeks, unless contraindicated.11,185

Although CKD is not explicitly mentioned, the current Na-
tional Institute for Health and Care Excellence (NICE)186 and
ACOG187 guidelines indicate low-dose aspirin for all patients
at risk of preeclampsia. Timing of discontinuation should be
discussed with an obstetrician, but recent data indicate earlier
discontinuation can be safe in pregnancies at high risk for
early delivery.185 Different doses are prescribed (50–150 mg/
d) in the absence of titration studies; outcome data in women
with CKD are limited and monitoring for adverse events,
mainly bleeding, is needed.11–14,188

In the presence of antiphospholipid antibodies, combi-
nation therapy of low-dose aspirin and heparin is the
mainstay of prophylaxis; immunomodulation, especially
with hydroxychloroquine, should be considered.189 Heavy
proteinuria is also a risk factor for venous thromboembo-
lism; however, there is currently no established proteinuria
or albumin threshold for starting heparin in pregnancy. In
the absence of contraindications, conference members sug-
gest that proteinuria and hypoalbuminemia are indications
for a case-by-case discussion of heparin therapy, acknowl-
edging that no threshold of hypoalbuminemia has been
identified.

Blood pressure control and timing of discontinuation of
proteinuria-lowering drugs
The optimal timing for discontinuation of proteinuria-reducing
drugs (renin–angiotensin–aldosterone system blockers, SGLT2
inhibitors) in women with CKD is not clear. Conference par-
ticipants consider imperative that women of reproductive age
not be denied kidney-preserving therapies; to avoid long periods
off anti-proteinuric drugs, participants recommend they be
continued until conception, which should be monitored for,
and stopped as soon as pregnancy is diagnosed.

Because blood pressure physiologically declines at the start
of pregnancy,190 an absence of lowering may be a marker of
increased risk for pregnancy-related complications. Although
data in pregnant women with CKD are limited, normotension
is associated with lower risk of delivery before 34 weeks.131,191
Kidney International (2025) 108, 355–379



Table 4 | Clinical and laboratory monitoring for kidney disease during pregnancy: comparison of the 4 available guidelines or best practice papers in Europe

Source, year
CKD G1–G2

monitoring frequency
CKD G3–G4

monitoring frequency
CKD G1–G2

type of monitoring tests
CKD G3–G4

type of monitoring tests Other

The Italian Study Group on
Kidney and Pregnancy,
2016107

4–6 weeks or more
often, depending
on hypertension
and proteinuria

1–4 weeks,
depending on
hypertension and
proteinuria

Glomerular filtration, proteinuria,
electrolytes, vitamin D, iron status,
blood cell counts, albumin, urinary
culture. 24-hour urine collection
may be added

Same as CKD G1-G2, but with
monthly or more frequent 24-
hour urine collections in case
of severe proteinuria. Other
tests as required

Urinary cultures every week if at
high risk of urinary tract
infection.

Wiles et al., United Kingdom,
201960

Frequency is not
specified. Working
in multidisciplinary
teams is
recommended

No different than
CKD G1-G2

Standard obstetrical care and
glomerular filtration (assessed by
creatinine), proteinuria (uPCR), or
albumin (uACR), vitamin D as per
clinical practice

No different than CKD G1-G2 Clinical assessment for possible
flares, including symptoms and
urine testing, should be
performed at all healthcare
visits during pregnancy.

German Society for Gynecology
and Obstetrics, German
Society for Nephrology,
Austrian Society for
Gynecology and Obstetrics,
2022183

Frequency not
specified

No different than
CKD G1-G2

Glomerular filtration (assessed by
creatinine), proteinuria (uPCR) or
albumin (uACR) or urine dipstick.

No different than CKD G1-G2 Diabetes screening (if using
steroids or calcineurin
inhibitors) or oral glucose
tolerance test.

The Netherlands, 2022106 Frequency not
specified

No different than
CKD G1-G2

Standard obstetrical care, urea level
in 24-hour urine or a spot urine
sample to estimate protein intake.

No different than CKD G1-G2 Frequent blood sugar checks with
a glucose sensor for pregnant
patients with diabetes mellitus
and CKD G3b or higher.

CKD, chronic kidney disease; uACR, urinary albumin-to-creatinine ratio; uPCR, urinary protein-to-creatinine ratio.
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Published guidelines have recommended different
blood pressure target goals in pregnancies with CKD
(Table 5).60,106,107,183 Conference participants supported tar-
geting blood pressure at least to <140/90 mm Hg, and
whenever possible to <130/80 mm Hg, to be adapted based
on individual circumstance, and monitoring for intrauterine
growth restriction (IUGR).

Nutritional care
Nutritional management should include patient-centered and
individualized care that integrates recommendations devel-
oped both for CKD and pregnancy, increasing energy intake
during each trimester in nonobese women.175,192 Both
overweight or obesity and low body mass index or malnu-
trition are associated with increased risk of adverse preg-
nancy events.193–196 Monitoring weight gain is important, as
excessive weight gain is associated with increased risk of
gestational diabetes and adverse pregnancy outcomes,197

while edema could be a harbinger of preeclampsia or CKD
progression.

Serum 25(OH) vitamin D should be monitored and sup-
plemented if needed, as low levels are associated with a higher
risk of preeclampsia.198–200 Iron and vitamin D levels may be
low in women on low-protein diets or with nephrotic syn-
drome.110,198 If dietary intake is inadequate, calcium sup-
plementation decreases risk of preeclampsia in the general
population.201 Due to the potential loss of nutrients in pa-
tients on intensive hemodialysis, water soluble vitamins, ions,
and trace elements should be monitored and supplemented
when needed.202,203

In the experimental animal, both low and high sodium
intake are associated with impaired kidney growth in
offspring.204 In humans there is no convincing evidence
showing that dietary salt reduction helps in the prevention
and treatment of hypertension during pregnancy.205 Hence,
for the moment, it seems reasonable to follow the rules of
healthy eating, including “normal” sodium intake (usually set
at about 2–2.3 g of sodium, 5–6 g of sodium chloride), with
Table 5 | Recommended blood pressure targets during pregnan

Italy 2015–2022107,130 United Kingdom 2019186

In CKD and kidney transplant, ideal
target is <130/80 mm Hg; <140/
90 mm Hg is acceptable under
careful clinical surveillance, in
patients with good compliance.

Hypertension occurring in
pregnancy, with or without
proteinuria, should be
differentiated from preeclampsia,
given the different prognoses for
the 2 conditions in pregnancy.

135/85 mm Hg or less during
pregnancy for women with
CKD.

Be

An

CKD, chronic kidney disease.
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the obvious exception of salt-losing nephropathies and
contextualized to local climatic conditions.

In the general population, well-monitored vegan and plant-
based diets, supplemented with iron and vitamins (B12, D)
when needed, are associated with lower incidence of gestational
diabetes, better diabetes control, and lower weight gain during
pregnancy.206–208 Avoidance of ultraprocessed food is also
advised on the basis of general population data.209 Obser-
vational studies suggest that plant-based, moderately
protein-restricted diets, with or without supplementation
with essential amino acids and ketoacids, may help to delay
the need for dialysis and control proteinuria in pregnant
women with advanced CKD or significant proteinuria at the
start of pregnancy. These diets were not associated with
increased risk of infants born small for gestational
age.173,182,210 An identified research priority is to address the
safety and benefits of moderately protein-restricted and
plant-based diets in pregnant women with CKD.

OBSTETRIC CONSIDERATIONS
Timing of delivery
A multidisciplinary delivery plan should be developed and
regularly reviewed. All available monitoring strategies should
be used to allow the pregnancy to proceed as far in gestation
as possible; these include basic maternal clinical assessments,
as well as fetal growth, biometry, Doppler measurements,
and, where needed, cardiotocography (a continuous
recording of the fetal heart rate obtained via an ultrasound
transducer placed on the mother’s abdomen, now part of the
routine monitoring of peripartum care, in particular in high-
risk pregnancies211). Hospitalization should be considered
when optimization of maternal conditions is required or
when fetal condition is compromised.

Timing of delivery should be based on usual obstetrical
guidelines with the added consideration of avoiding CKD
progression. Current obstetric guidelines do not consider
CKD and kidney function impairment in timing of de-
livery.212 The only indications for delivery due to kidney
cy

Germany 2022183 The Netherlands 2022106

tween 110/70 and 135/85
mm Hg.

tihypertensive therapy must be
continued during pregnancy,
unless systolic blood pressure is
constantly <110 mm Hg or
diastolic is constantly<70 mm Hg
or symptomatic hypotension is
present.

Aim preconceptionally for <130/80
mm Hg.

During pregnancy, initiate
antihypertensive therapy if blood
pressure is >140/90 mm Hg on
repeated measurements.

If on antihypertensives before
conception, intensify if blood
pressure is >140/90 mm Hg. Aim
for systolic blood pressure
between 130 and 140 mm Hg and
diastolic blood pressure between
80 and 90 mm Hg.

After birth, aim for <130/80 mm Hg.
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function impairment refer to patients with preeclampsia, who
may develop AKI. AKI is an indication for preterm delivery
for all major obstetric guidelines (ACOG,213 NICE,214,215

International Society for the Study of Hypertension in Preg-
nancy216). The Dutch guidelines on CKD and pregnancy
suggest inducing delivery at 39 weeks in patients with
advanced CKD due to the increased risks of preeclampsia, loss
of kidney function, and stillbirth, and considering earlier
induction in case of preeclampsia or deterioration of the
mother’s condition or kidney function.106

Consistent with general principles for high-risk pregnan-
cies, conference participants agree that before 34 weeks there
is a presumption that prolonging pregnancy will benefit the
fetus, even if kidney function and maternal clinical condition
are worsening. After 34 weeks, recent data suggest that de-
livery may be safer for both mother and neonate than pro-
longing high-risk pregnancies with preeclampsia, even in
medium- and low-resource settings.217 A similar strategy may
be considered in the case of other complications, including
worsening of preexisting CKD. In all circumstances, decisions
for preterm delivery should be made by a multidisciplinary
team involving obstetricians, nephrologists, and neo-
natologists, balancing fetal risks versus short- and long-term
risks of deterioration in maternal health.186,212,216,218–220

Lactation
Breastfeeding is associated with short- and long-term health
benefits for the mother and the infant.221 Breastfeeding is
possible across all severities of CKD, including in women on
KRT or with an immunological disease, provided that no
medication contraindicated in breastfeeding is used.221–224

For instance, some angiotensin-converting enzyme in-
hibitors are compatible with breastfeeding and are preferred
to angiotensin receptor blockers, which lack safety data. No
data are available for SGLT2 inhibitors. Because medication
safety in pregnancy and breastfeeding is continuously upda-
ted, please refer to reference sites (e.g., www.ncbi.nlm.nih.
gov/books/NBK501922 or www.lecrat.fr). Data on quality of
0 4 8 12 16 20 24 28

Figure 5 | Gestational periods of pregnancy-specific disorders. DIC, d
of pregnancy; pp1 or 2, postpartum 1 or 2 weeks.
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milk from breastfeeding women with CKD or undergoing
KRT are scarce but overall reassuring.225,226

PREGNANCY-RELATED AKI
Pregnancy-related AKI (PR-AKI) is a leading cause of AKI in
young women.227,228 In 1 large, worldwide study, PR-AKI
accounted for 1% of all AKI, 0.3% in high-income and
3.6% in low- and middle-income settings.229–231 Un-
certainties about PR-AKI incidence reflect different defini-
tions, lack of diagnosis or reporting in earlier stages, overlap
with CKD, and lack of universal access to dialysis, which is
often used to define severe AKI.167,227,228,232 Definitions of
AKI have not been established in the context of pregnancy,
mainly because of the dynamic changes of serum creatinine
throughout gestation.

The diagnosis of AKI outside of pregnancy is currently
based on an increase in serum creatinine and a decrease in
urine output.233 Standard definitions as proposed by RIFLE
(Risk, Injury, Failure, Loss, and End-stage renal failure),
AKIN (Acute Kidney Injury Network), or KDIGO233,234 may
not apply in pregnancy, as they can underestimate creatinine
increases if the expected physiological decrease in pregnancy
is not taken into account.232 Despite limitations, higher RI-
FLE stages, as well as need for dialysis during pregnancy or
shortly after delivery, have been associated with a higher risk
of incident CKD, chronic dialysis dependence, maternal
death, and perinatal mortality. In obstetric patients admitted
to intensive care units, the RIFLE score is an independent
predictor of mortality.235–237 Limited data suggest that the
AKIN stage may also be useful in pregnancy.232,238,239 Bio-
markers useful in the diagnosis of AKI outside of pregnancy
(Supplementary Table S3)240 are not validated in pregnancy.
Where available, PlGF and sFlt-1 may be helpful in ruling out
preeclampsia as a cause of serum creatinine increase.

PR-AKI is commonly classified as prerenal, renal, and
postrenal injury. In PR-AKI, an approach addressing obstetric
complications and pregnancy-specific disorders of gestational
periods (Figure 5) may be more informative.227
32 36 40 44 weekspp1 pp2
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Urinary tract obstruction 
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In high-resource settings, the most frequent cause of AKI
in late pregnancy is preeclampsia, followed by rare conditions,
including thrombotic microangiopathies.241 Sepsis, septic
abortion, and intrapartum hemorrhage are more common in
LMICs. In women with high serum creatinine levels at
referral, distinguishing AKI from CKD can be problematic. In
fact, in the absence of systematic screening before pregnancy,
CKD is often first diagnosed in pregnancy. Especially in
LMICs, where prepregnancy access to care is severely limited,
many women initially diagnosed as having PR-AKI actually
have undiagnosed CKD and remain dialysis-dependent after
delivery.167,227,228

Lack of obstetric nephrology training is a barrier to
optimal management of PR-AKI. Other barriers vary by
setting and may include limited access to dialysis, insufficient
coverage of pregnancy complications, and separation of ma-
ternity and general hospitals. Overcoming these barriers is a
healthcare priority.

Key aspects of PR-AKI management are summarized in
Figure 6.242 The criteria for urgent initiation of dialysis are the
same as in nonpregnant patients. No specific data are avail-
able on timing of dialysis initiation in PR-AKI, and contro-
versy exists even in the nonpregnant population.243,244

Dialysis may be considered earlier in the presence of high
urea levels, especially when PR-AKI is superimposed on CKD,
because a late start of dialysis is associated with poor maternal
and fetal prognosis.137,168

Several antihypertensive medications can be safely used
during pregnancy (Supplementary Table S4). Loop diuretics
can be used to control volume overload and to reduce the
burden of antihypertensive medications in PR-AKI.245–250

Severe AKI is an acknowledged indication for considering
• Assess ‘classic’ indications
  for dialysis start in AKI 
• Add specific indications for
  PR-AKI
• If no urgent indication to start
  dialysis, try medical
  management and reassess

Medical m

Dehydra

Hyperka
and acid

Hyperten

Hyperma
(usually 

Fluid ove

Pregnancy-
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AKI on CKD to define short-ter

Figure 6 | Management of pregnancy-related acute kidney injury (P
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delivery or pregnancy interruption, on the basis of the
maternal and fetal status and the period of pregnancy.

HYPERTENSIVE DISORDERS OF PREGNANCY
HDP comprise different clinical manifestations, from isolated
hypertension or proteinuria to preeclampsia and hemolysis,
elevated liver enzymes and low platelets syndrome; some
classifications also include IUGR.251,252 These conditions
overall affect up to 10%–15% of pregnancies.169 It remains
controversial whether these disorders represent a continuum
or are separate entities.168,252,253

The incidence of preeclampsia is usually reported as 3%–

5% per pregnancy; this figure is lower in such populations as
healthy kidney donors prior to donation (1%–2%).254 The
incidence per woman is cumulative and may be as high as
7.5%, although precise estimation is difficult as most studies
report only the incidence per pregnancy.255 The risk for
recurrence of preeclampsia or other HDP is higher, but esti-
mates vary broadly, from 15% to over 70%.256–258 The risk of
recurrent HDP rises with the number of previous complicated
pregnancies and after early-onset preeclampsia or IUGR.257,258

Preeclampsia is associated with the presence of underlying,
often undiagnosed, CKD and with an increased lifetime risk
of developing kidney failure, as discussed below.127,259–261 PR-
AKI and preeclampsia share several risk factors, including
CKD, diabetes mellitus, systemic immunologic diseases, hy-
pertension, and obesity.259 Incidence of both preeclampsia
and PR-AKI is higher at the extremes of reproductive age.252

Preeclampsia increases the risk of AKI, and a history of AKI
increases the risk of developing preeclampsia.262,263 It is
plausible that AKI in the context of preeclampsia may be a
risk factor for future CKD, in a manner similar to AKI being a
anagement
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well-recognized risk factor for kidney disease in the general
population.

Mode of delivery is modulated by preeclampsia and PR-
AKI; early delivery is usually by Caesarean section. Some
drugs used for delivery complications, including antibiotics or
tranexamic acid, can cause AKI or cortical necrosis.264,265

FOLLOW-UP AFTER PREGNANCY
Follow-up after preeclampsia and PR-AKI
Up to 20% of pregnancies complicated by preeclampsia occur
on the background of an underlying, undiagnosed,
CKD.127,259,266 Preeclampsia and other HDP significantly in-
crease the risk for long-term CKD or kidney failure,127,236,
259–261,266–273 hypertension, cardiovascular and metabolic
diseases,235,274–276 and AKI.263,277 Preeclampsia and other
HDP also may reflect latent autoimmune diseases that
become evident months or years after delivery.236,269,273,278,279

Risk of kidney failure increases with the number of preg-
nancies complicated by preeclampsia and other HDP,
including delivering an infant either preterm or with low
birth weight.260

Although preeclampsia is consistently associated with
higher risk of kidney failure,261 the reasons why are not fully
clear,252 because the link between preeclampsia and CKD is
confounded by shared risk factors and by the frequent pres-
ence of underlying CKD.259 Because preeclampsia and other
HDP are usually managed in an obstetrical setting, unless they
cause PR-AKI or are suspected to reflect underlying CKD, the
role of nephrologists is mainly in guiding follow-up after
preeclampsia.

Preeclampsia, by definition, should resolve 4–12 weeks
postpartum. If proteinuria or hypertension persist, it is
commonly agreed that the patient should be referred for
further investigations, including consideration of kidney bi-
opsy.218 The absence of proteinuria and hypertension at 3–6
months from delivery does not exclude the presence of un-
derlying CKD, particularly in the case of tubulointerstitial
disorders, CAKUT, or autosomal dominant polycystic kidney
disease; hence, a more comprehensive diagnostic pathway
is advocated by some experts, including kidney ultrasound,
serum creatinine, and blood and urinary electro-
lytes.127,130,259,266 After an episode of PR-AKI, patients should
undergo regular follow-up due to the risk of developing CKD.
A further suggested strategy for improving early CKD diag-
nosis is adding PR-AKI, preeclampsia, and other HDP as risk
factors for CKD and kidney failure in future KDIGO
guidelines.

According to the most recent obstetric guidelines, post-
partum visits after complicated pregnancies should include
cardiovascular risk assessment and diagnostic work-
up.186,237,280 However, CKD is not specifically included in these
recommendations, and, even in high-resource settings, only a
minority of women with previous HDP have a specialist
follow-up (as indicated in some obstetric and cardiology
guidelines) at 6 months.281 Conference participants advised
annual medical reviews for at least 5–10 years postpartum. A
Kidney International (2025) 108, 355–379
healthy diet, exercise, targeting ideal body weight, smoking
cessation, and optimal blood pressure control (<120/80
mm Hg) should be advised to improve long-term cardiovas-
cular and kidney health.61 Women may experience psycho-
logical trauma or mental health disorders following their
experience9,10 and may need specific counseling or referral.

The increased health risks, both for recurring episodes
with future pregnancies and for cardiovascular and kidney
disease later in life, should be explained to women who have
experienced preeclampsia. In women with a history of pre-
eclampsia or an HDP who are planning a new pregnancy,
conference participants recommend preconception consulta-
tion, ideally with a nephrologist, prescription of low-dose
aspirin from the start of pregnancy, counseling regarding
calcium and vitamin D and healthy nutrition; and follow-up
by a multidisciplinary team during pregnancy, where
available.130

Postpartum follow-up in women with CKD
Pregnancy provides a unique opportunity to diagnose CKD
and establish long-term follow-up. All women with CKD
should be seen within 4–8 weeks of delivery. Frequency and
timing of outpatient visits should be based on individual risk
assessment, taking into account eGFR, presence of protein-
uria or hypertension, cause of CKD, pregnancy-related
complications (PR-AKI, preeclampsia, and other HDP), and
whether CKD was known before pregnancy.60,106,107,125,183

Postpregnancy follow-up should include breastfeeding sup-
port, advice about contraception and future pregnancies, and
psychological follow-up, if needed. It is advisable that ne-
phrologists and obstetricians/gynecologists are involved in the
early postpartum period (up to 6–8 weeks), and nephrologists
and general practitioners thereafter. Medication choices and
dosages should be revised based on need, severity of CKD,
and lactation choices. Human leukocyte antigen sensitization
should be evaluated 3 months postpartum. In women on
dialysis, revising the dialysis schedule is a priority. Education
will be needed for women newly started on dialysis, with
planning of transplant listing and discussion of treatment
options. In women living with kidney transplantation, drug
treatment should be reviewed.

Follow-up of children
The current recommendations for all neonates include 1
visit within 48 to 72 hours of discharge; at 6, 10, and 14
weeks; every 3 months from 3 months to 2 years; and every 6
months between years 2 and 6 (Supplementary
Table S5).282,283 Need for short- and long-term follow-up
increases in the event of prematurity, IUGR, low birth weight,
or congenital malformations, including CAKUT.284 However,
these indications are not uniformly followed, in particular in
LMICs and underresourced settings in high-income coun-
tries.285–287

Compared with children of normal birth weight, children
of low birth weight (usually defined as <2500 g288) and small
for gestational age have a higher prevalence of reduced kidney
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function, obesity, metabolic syndrome, diabetes, and hyper-
tension in adulthood.289–293 A reduced nephron number is
probably the central factor in the development of CKD and
early-onset hypertension.294–296 The impact of being born
small, small for gestational age, and with a low nephron
number is carried through subsequent generations, and
women born small and small for gestational age have a
significantly increased risk of developing preeclampsia in their
pregnancies.267,297 These findings support the need to
implement early nephroprotective measures and establish
long-term follow-up for children with low birth weight.

Key research questions relate to the possibility that more
intensive follow-up of babies with low birth weight or
growth restriction prevents development or allows for early
detection of CKD, cardiovascular disease, and metabolic
abnormalities. More studies are needed for elucidating the
impact on future health, and in particular on cardiovas-
cular and kidney health, of being born to a mother living
with a kidney transplant or undergoing dialysis or being
exposed to preeclampsia or PR-AKI. Collaborations with
neonatologists and pediatricians are fundamental to inform
research agendas.

SUMMARY AND CONCLUSIONS
CKD impacts many aspects of health throughout the life-
span, but data on the effects of sex and gender on kidney
disease epidemiology and outcomes, as well as optimal
management of reproductive health in women with CKD,
are limited. More data are needed on the cost-effectiveness
of systematic screening for CKD in all pregnant women
and the safety of newer drugs, such as SGLT2 inhibitors or
glucagon-like peptide-1 agonists, during pregnancy or
breastfeeding. Multidisciplinary consensus is needed on the
management of pregnancy in women with CKD. Sex- and
gender-specific recommendations should be considered in
developing guidelines. Data sets with harmonized core
measures should be available to develop a global atlas of
maternal and fetal outcomes and facilitate global improve-
ments in pregnancy outcomes in women with CKD. In
addition, we hope to see evidence-based consensus on risk
stratification, terminology, and treatment for HDP, with
focus on short- and long-term kidney and cardiovascular
health. Funding entities, ethics boards, and clinical trialists,
among others, have a responsibility for championing sex and
gender research.
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