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Abstract

Autosomal dominant polycystic kidney disease is a genetic disorder characterized by the progressive development of renal
cysts, leading to end-stage renal disease in a significant proportion of affected individuals. While the disease affects both
men and women, emerging evidence suggests that sex differences may influence the clinical presentation, progression,
and response to treatment in autosomal dominant polycystic kidney disease patients. Based on our experience, women
are diagnosed earlier and often experience more symptoms like chronic pain and microhematuria. However, disease
progression tends to be slower. Hormonal therapy, controversial due to its impact on cyst growth, is important for
contraception and conditions like polycystic ovary syndrome, endometriosis, and menopause. Copper intrauterine
devices are the safest contraceptive option, while progestin-only methods are recommended for those who cannot take
estrogen. This review aims to explore the implications of gender differences in autosomal dominant polycystic kidney
disease, highlighting the need for personalized approaches to diagnosis, monitoring, and management. Emphasizing the
integration of gender-based insights into clinical practice could ultimately lead to more tailored therapeutic strategies,
improving patient outcomes in autosomal dominant polycystic kidney disease.
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Gender medicine

In recent decades, gender medicine has gained increasing

importance as a fundamental discipline for understanding
the biological and sociocultural differences between sexes
and their impact on health. Traditionally, medical research
has relied predominantly on uniform models, leading to
the generalization of results that often fail to accurately
reflect the specific needs and physiological responses of
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individuals.! It is now widely recognized that men and
women can exhibit different manifestations of the same
disease and respond differently to treatments.”

This article aims to explore the influence of sex on
genetic imprinting, pathogenesis, diagnosis, clinical, ther-
apeutic, and psychological aspects in autosomal dominant
polycystic kidney disease (ADPKD). Through an in-depth
analysis of differences in symptoms, disease progression,
the role of pregnancy, and the perception of the disease
between men and women, we aim to highlight the impor-
tance of adopting a more inclusive medical approach that
is attentive to gender-specific differences.

As one of the leading referral centers in Italy for geneti-
cally determined cystic diseases, with a particular focus on
ADPKD—a condition that, due to its multifactorial nature,
often requires a multidisciplinary approach®—we wish to
share come reflection based on our clinical experience and
the evidence available in the literature.

Starting from our clinical experience, we chose to focus
on several key aspects of the issue and undertake a robust
analysis of the existing literature, ensuring that our find-
ings were grounded in both practical insight and evidence-
based research.

Autosomal dominant polycystic kidney disease

ADPKD is the most common inherited renal disorder, with
an estimated prevalence of ~4 in 10,000 individuals
according to recent epidemiological studies.*® This
genetic condition is characterized by the formation and
progressive growth of cysts, which cause an increase in
kidney volume and a gradual decline in renal function.
ADPKD follows an autosomal dominant inheritance pat-
tern.*® Mutations in the PKD1 gene and the PKD2 gene
are the primary causes of ADPKD, encoding for the pro-
teins polycystin-1 and polycystin-2, respectively. Other
genes, such as GANAB, DNAJB11, ALGS, and IFT140,
may also be involved in a minority of cases.’!! Symptoms
typically manifest between the third and fourth decades of
life, and patients with truncating mutations in the PKD1
gene tend to present with a more severe clinical course.!?

Common signs include arterial hypertension, hematu-
ria, abdominal pain, nephrolithiasis, development of liver
and pancreatic cysts, and the presence of diverticula.
Cardiovascular abnormalities are also frequent, including
heart valve defects and cerebral aneurysms.” The gradual
reduction in glomerular filtration rate (GFR), associated
with an increase in renal volume, ultimately results in
chronic kidney disease (CKD). Monitoring and controlling
blood pressure (BP) are essential for mitigating disease
progression.'3

A peculiar aspect of ADPKD is abdominal enlarge-
ment, caused by the presence of large cysts and overall
organomegaly. Liver cysts, the most common extrarenal
manifestation, can cause symptoms such as abdominal

pain, bloating, dyspnea, infections, and hemorrhages.
Large cysts may lead to significant hepatomegaly, result-
ing in polycystic liver disease (PLD) with compression of
surrounding structures, further worsening the clinical pic-
ture.” It is important to note that PLD can also manifest as
an isolated condition, where 80% of patients are women,
or as part of ADPKD.

ADPKD and gender
Epigenetics

Epigenetics studies heritable gene expression modifica-
tions, influenced by environmental and physiological
factors. Key epigenetic modifications include DNA
methylation, histone modifications, and non-coding
RNAs. These mechanisms regulate transcriptional
machinery access to genes, affecting gene expression
variability. Epigenetics offers an additional layer of con-
trol, modulating gene activity in response to internal and
external stimuli. In the context of ADPKD, earlier
reports indicated that genetic imprinting may lead to a
more severe form of the disease when inherited mater-
nally rather than paternally; however, this is not univer-
sally supported by all studies.'*'6

There is little concrete evidence that the severity of
ADPKD is correlated with sex-based variations in epige-
netic alterations. It is proposed for example that estrogens
may be interact with epigenetic mechanisms to influence
gene expression in females.!”!® Although the current evi-
dence remains limited, several potential pathways have
been identified, listed in Table 1. However, further studies
are needed to clarify these interactions and determine their
impact on disease progression

Diagnosis

The diagnosis of ADPKD tends to be earlier in women for
various clinical and biological reasons.?>%}

Family history and screening: Women usually have
greater awareness of their family history of genetic dis-
eases, leading to more vigilant monitoring and earlier
diagnostic testing.

Symptoms and clinical presentation: Women may
exhibit more pronounced or severe symptoms at an earlier
age compared to men. This can lead to a timelier diagnosis,
as symptoms such as abdominal pain, hematuria, or uri-
nary tract infections (UTIs) may prompt patients to seek
medical assistance sooner.

Pregnancy: During pregnancy, ultrasounds are a rou-
tine examination crucial for monitoring fetal and mater-
nal health. These examinations not only ensure a smooth
pregnancy but can also detect renal anomalies, such as
the presence of cysts or an overall increase in kidney
size. The ultrasound diagnosis of ADPKD during
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Table I. Epigenetic mechanisms potentially influenced by estrogens in ADPKD.

Epigenetic mechanism Estrogens interaction Potential impact on gene expression References
DNA methylation Modulates DNMTs Reduced expression of PDKI gene and genes 19-21
related to cystogenesis
Histone modifications Modulates HATs, HDACs, Regulating cell proliferation and ciliogenesis 20
HMTs, and HDMs associated pathways
Non-coding RNAs Influences miRNAs and IncRNAs ~ Modulate the expression of genes associated with 17,20

renal fibrosis and inflammation

ADPKD: autosomal dominant polycystic kidney disease; DNMTs: DNA methyltransferases; HATSs: histone acetyltransferases; HDACs: histone
deacetylases; HDMs: histone demethylases; HMTs: histone methyltransferases.

pregnancy in pregnant women has been estimated at
2.41/10,000, compared to 1.49/10,000 in non-pregnant
women aged 20-34.2

Disease manifestations

Regarding disease manifestations, it is known that women
tend to more frequently experience chronic pain, macrohe-
maturia, recurrent UTIs, and sometimes large hepatic cysts
with organomegaly.”?*?> However, when considering the
progression of renal failure, the female sex shows an
advantage over the male sex, as the disease progression
tends to be slower in women.26-28

The Predicting Renal Outcome in Polycystic Renal
Disease score identifies male sex as a significant factor
in renal failure progression.?’ Females seem to have
protective effects on the average age of onset of end
stage kidney disease (ESKD), as women generally begin
renal replacement therapy 5.6 years later than men.*
Recent Real-Life studies, such as the one conducted on
a large Canadian cohort, have shown that men, as rapid
progressors, have greater access to tolvaptan therapy
and tend to initiate treatment earlier than women. Given
the observed phenotypic differences and the different
decline in renal function, it is natural to question the
role of sex hormones in the development and progres-
sion of the disease.’!

Specifically, it is necessary to explore how sex hor-
mones may influence the pathological mechanisms under-
lying ADPKD, contributing to the differences in clinical
manifestations and the rate of renal function deterioration
between the sexes.>?

Hormonal influences

Estrogens and the renin—angiotensin—aldosterone system.
Activation of the renin—angiotensin—aldosterone system
(RAAS) plays a crucial role in the development of hyper-
tension in ADPKD and may accelerate renal disease pro-
gression. This occurs through a mitogenic mechanism
mediated by angiotensin, promoting the growth of renal
cysts.!? Estrogens are also known to be potent suppressors
of the RAAS. Thus, when estrogen levels significantly

decrease, as happens during menopause, there can be a sig-
nificant increase in RAAS activity.?%3** The complex
effects of estrogens include increased expression of the
angiotensinogen gene, modification of renin concentra-
tions, and an increase in vasodilators such as atrial natriu-
retic peptide.?

Estrogens generally decrease renin, angiotensin con-
verting enzyme (ACE) activity, and angiotensinogen lev-
els, while increasing AT(1) receptor density and aldosterone
production. Progesterone competes with aldosterone for
mineralocorticoid receptors. In contrast, the role of testos-
terone is less understood, but it appears to elevate renin
levels and ACE activity.3® The hormonal influences on the
RAAS contribute to the sex-based disparities observed in
cardiovascular and renal diseases.

Estrogens and renal function. Estrogens emerge as a protec-
tive factor against the progression of renal failure in women
with ADPKD.323¢ Estrogen receptors (ER-o. and ER-P)
play distinct and complex roles in the progression of cyst
formation in both the kidneys and liver. Although both
receptors are expressed in kidney tissue, ER-o appears to
have a more prominent role in disease progression. None-
theless, the relative expression levels and functional pre-
dominance of ER-a compared to ER-f3 in ADPKD tissues
have yet to be conclusively determined.?”® ER-o has been
implicated in promoting the growth of renal cysts, the acti-
vation of proliferative signaling like the MAPK/ERK path-
way.>? Also, in renal cysts, ER-a actives the mTOR
pathway, which is heavily implicated in ADPKD cyst
growth. And the receptor may upregulate cAMP signaling,
a driver of cyst expansion in ADPKD.%

In contrast to ER-a,, ER-B may have a more protective
role: activation of ER-f} has been shown to exert anti-pro-
liferative and anti-fibrotic effects in kidney cells.*! Recent
findings have also demonstrated how estrogens have the
opposite effect, suppressing RAAS axis and encouraging
the upregulation of vascular endothelial growth factor
(VEGF), protecting renal function, whereas male sex hor-
mones promote the activation of the RAAS and the release
of endothelin-1.%

It is also important to note that men are more prone to
nephrolithiasis than women, and renal stones are known to
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be a contributing factor to disease progression. The expres-
sion of osteopontin, a protective protein against kidney
stones, is significantly influenced by estrogens.*’

Recent studies have also focused on the importance of
chloride channels, particularly calcium transmembrane
channel 16A (TMEM16A), and the role of protein kinase
A (PKA) in regulating these channels in ADPKD. PKA
signaling is thought to regulate the activity of TMEMI16A,
which in turn modulates fluid secretion into cysts. This
suggests that such mechanisms may represent therapeutic
opportunities to limit the growth of renal cysts, especially
in women.*

Moreover, women with ADPKD have decreased
expression of the cystic fibrosis transmembrane conduct-
ance regulator (CFTR) because of estrogen-dependent
regulation, whereas TMEM16A expression varies. Cyst
development may be impacted by this reduction in CFTR.*#
Gender differences in renal calcium homeostasis are high-
lighted by recent studies that also show that differences in
TMEMI16A expression and hormonal regulation lead to a
more severe phenotype in med with ADPKD, indicating
that altered intracellular calcium levels may underlie cyst
phenotype.**

Estrogens and hepatic cysts. While the frequency of hepatic
involvement is similar in men and women, it tends to
appear earlier and more severely in women. Hepatic cysts
generally develop in women by the age of 60 depending on
their estrogen levels during fertile period, especially in
women with a history of pregnancies or those utilizing
estrogen—progestin hormonal therapy.’

In fact, estrogens play a critical role in the development
of hepatic cysts and the increase in liver volume*®: estro-
gens directly influence gene transcription associated with
cell proliferation by binding to cholangiocyte receptors,
promoting cellular advancement via the p-ERK1/2 path-
way. They also enhance proliferation through immune sys-
tem interactions with macrophages and may affect
angiogenesis through their interaction with VEGF.374748
Indirectly, estrogens stimulate the transcription and release
of hepatocyte growth factor and insulin-like growth factor,
enhancing cell growth. 4%

On the other hand, no research has shown that proges-
terone plays a major part in the development of hepatic
cysts.

Menopause as a risk indicator. Menopause and ADPKD are
interconnected, with hormonal changes during menopause
impacting the progression and management of the disease.
During menopausal transition, generally between the ages
of 45 and 55, there is a crucial reduction in estrogen due to
the cessation of ovarian function: this can lead to acceler-
ated disease progression and a faster decline in kidney
function, particularly as women age.*>*! Reduced estrogen

also increases the risk of other comorbidities, such as car-
diovascular disease and metabolic changes.

Hormonal therapy

Considering the effect of estrogens on the growth of
hepatic cysts, hormonal therapy has long been a subject of
controversy in women with ADPKD, often being excluded
a priori.

The therapeutic indications for hormonal therapy
include conditions such as endometriosis, polycystic ovary
syndrome (PCOS), dysmenorrhea, and contraception, pri-
marily affecting women of reproductive age. Additionally,
in menopausal women, hormonal therapy is used to man-
age vasomotor symptoms (VMS) and genitourinary syn-
drome, both of which can significantly impact quality of
life.

In order of recommendation for women with ADPKD,
in reproductive age the copper intrauterine device (IUD) is
considered the safest and most suitable contraceptive
method due to its non-hormonal nature and long duration,
as mentioned in KDIGO guidelines.? Levonorgestrel IUDs
are particularly useful for treating conditions such as endo-
metriosis, endometrial hyperplasia. and abnormal uterine
bleeding. Progestin-only contraceptives (POP) are a safer
choice for ovulation inhibition, without administering
estrogen to women. The vaginal ring may represent an
acceptable option for those needing hormonal treatment for
a limited period of time due to the escape of the first hepatic
passage.?®

Finally, while combined oral contraceptives (COCs) are
effective in preventing ovulation and providing various
non-contraceptive benefits, they are not recommended for
patients with ADPKD. If their use is deemed clinically
necessary, COCs should be prescribed only under close
medical supervision and for the shortest duration
possible.

In the context of menopause, the intricacies of ADPKD
and the associated risks of hormonal therapy necessitate
the importance of non-hormonal interventions in the man-
agement of menopause symptoms.2°

Modifications in lifestyle, including dietary changes
and consistent physical activity, can enhance overall well-
being. Cognitive-behavioral therapies may assist women
in managing mood disorders.

VMS may be partially managed with natural prepara-
tions; however, their efficacy is often limited, resulting in
low patient compliance. Additional evidence indicates that
the effectiveness of regular physical activity in reducing
hot flashes.>

Genitourinary syndrome of menopause, primarily
characterized by vulvovaginal atrophy, can significantly
impact a woman’s quality of life. It can be managed with
hyaluronic acid-based ointments and lubricants. If these
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Figure |. Menopause in ADPKD.
ADPKD: autosomal dominant polycystic kidney disease.

treatments prove ineffective, local estrogen therapy may
be considered.

Adequate calcium and vitamin D supplementation, cou-
pled with regular bone density monitoring, are critical ele-
ments of a comprehensive management strategy for
preventing osteoporosis (Figure 1).

Tolvaptan and somatostatin analogs

By decreasing kidney volume and maintaining renal func-
tion, tolvaptan has been demonstrated in clinical trials to
slow the progression of ADPKD. Recent studies have indi-
cated that tolvaptan is equally effective in reducing renal
volume and slowing the decline in GFR in both men and
women.>> Women may be more prone to side effects like
pelvic organ prolapse or liver toxicity.>* The enlargement
of the kidneys results in increased intra-abdominal pres-
sure, which weakens the pelvic floor muscles, a phenom-
enon that is more pronounced in patients with larger renal
volumes. Furthermore, the significant diuresis caused by
tolvaptan treatment leads to bladder distension, which fur-
ther contributes to the weakening of these muscles.>®

Tolvaptan is contraindicated during pregnancy.
Although there is no enough information on humans,
research on animals has revealed potential teratogenic.
Women of childbearing potential should use effective con-
traception during treatment and for at least 1 month after
discontinuation.*®

Recent KDIGO guidelines recommend the use of long-
acting somatostatin analog (SA) in individuals with
ADPKD who have significantly enlarged polycystic livers
causing severe volume-related symptoms.?® Young women
experience the greatest benefit from treatment with SA on
liver volume decrease in contrast to men. Studies suggest
estrogens may enhance SAs’ ability to inhibit cyclic aden-
osine monophosphate production in cholangiocytes,
increasing susceptibility to SA therapy in fertile women.’

PCOS: Is there a correlation with ADPKD?

ADPKD and PCOS are distinct conditions, with common
features, suggesting potential genetic and metabolic factors.

PCOS is a endocrine-metabolic disorder affecting about
20% of women of reproductive age. According to the
Rotterdam criteria, a diagnosis requires at least two of the
following three criteria: oligo-ovulation and/or anovula-
tion, clinical or biochemical signs of hyperandrogenism,
and polycystic ovaries.*®

The etiopathogenesis of PCOS is multifactorial, involv-
ing genetic and environmental mechanisms.>*% DKKI
and DNAJBI are potentially relevant in PCOS pathogen-
esis, with DKK1 overexpressed in ovarian cells and
DNAJBI involved in androgen signaling processes.®! %3

PCOS manifests with the presence of multiple ovarian
cysts, which can contribute to hormonal and reproductive
dysfunctions.®® While there is currently no definitive
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evidence directly linking ADPKD genes to PCOS, interest
in potential genetic interactions and common risk factors is
increasing. Some studies suggest that genetic mutations
associated with ADPKD could increase the risk of devel-
oping PCOS. This potential genetic overlap raises ques-
tions about whether the presence of one condition may
predispose individuals to the other.%!-%

Insulin resistance appears to be another common factor
in both ADPKD and PCOS, albeit in different ways.
Insulin resistance is present in many women with PCOS
and plays a key role in the syndrome’s pathogenesis by
stimulating hyperandrogenism. Insulin resistance leads to
a compensatory state of hyperinsulinemia, which in turn
stimulates ovarian hyperandrogenism, a hallmark of
PCOS.®” While less studied in relation to PCOS, insulin
resistance also seems to be a common factor in patients
with ADPKD.®

The possible link between ADPKD and PCOS repre-
sents an intriguing area of study. Although definitive evi-
dence of clear pathogenic connections between these two
conditions is still lacking, exploring their interactions may
provide important insights into their development and
management.

Fertility

In women with ADPKD who have normal kidney func-
tion, fertility is not altered.® However, in men, fertility
may be slightly compromised due to sperm abnormalities
or the presence of cysts in the distal seminal tract.”"’!

Women with ADPKD tend to have fewer pregnancies.
In fact, only 45% of patients of childbearing age express
the intention to have children, and this number decreases
further in women with pre-existing CKD.”?

This reduced inclination toward motherhood is primar-
ily related to concerns about the hereditary nature of the
discase. The average age at first childbirth is similar
between women with ADPKD and the general population.
However, ADPKD patients tend to have an average of only
one pregnancy, compared to the general population.”

Pregnancy

Pregnancies in women with ADPKD should be closely
monitored at a specialized referral center by a multi-
disciplinary team of experienced gynecologists and
nephrologists.

Maternal—fetal outcomes. Pregnant women with CKD are
known to have a higher risk of adverse outcomes for both
the mother and fetus compared to women with normal kid-
ney function.” However, the specific influence of ADPKD
on pregnancy remains uncertain, and the number of avail-
able studies on this topic is limited. For women with
ADPKD who have normal BP and kidney function,

pregnancy outcomes are typically favorable and compara-
ble to those observed in the general population.”>~"

Pre-existing CKD, hypertension, and advanced mater-
nal age are recognized as unfavorable fetal outcomes in
many renal diseases.”®®! Additionally, compared to hyper-
tensive women of the same age, ADPKD women who
have had more than three pregnancies seem to exhibit
decreased renal function as they age.” The development of
preeclampsia in ADPKD patients is closely correlated with
an earlier onset of chronic hypertension.’> Approximately
one-quarter of pregnant women experience hypertensive
complications: 16% develop gestational hypertension,
while 11% experience preeclampsia.”

According to a retrospective research, women with
ADPKD had a somewhat greater incidence of preterm
delivery and intrauterine growth restriction than healthy
controls; however, these results were not statistically sig-
nificant and are still isolated cases.”> Chronic hypertension
established before to pregnancy as in ADPKD, that is inad-
equately managed during gestation is linked to an increased
risk of preterm birth; thus, meticulous monitoring is
advised.®® The rates of miscarriage and fetal mortality in
the ADPKD population did not differ significantly from
those in the general population.

Another significant complication related to ADPKD
during pregnancy is the increased risk of thromboembo-
lism. The enlargement of the kidneys, especially the right
kidney, and the liver may compress the iliac veins and the
inferior vena cava, increasing the risk of thrombosis and
pulmonary embolism. This risk is further amplified by the
pro-coagulant state typical of pregnancy.’*# General clin-
ical guidelines for pregnancy recommend the use of a low
dose of aspirin (75-150mg daily) to reduce the risk of
preeclampsia in women with CKD.¥” In KDIGO ADPKD
guidelines low-dose aspirin is recommended from weeks
12 to 36.% However, the use of aspirin should be carefully
evaluated due to the increased risk of bleeding, particu-
larly in women with cerebral aneurysms or recurrent epi-
sodes of cystic hemorrhage. Consequently, the decision to
use aspirin must be personalized and based on an assess-
ment of individual risks.

Women with ADPKD also present a higher risk of
ectopic pregnancies, suggesting possible structural altera-
tions in the fallopian tubes.®

Additionally, ADPKD is associated with an increased
incidence of UTIs during pregnancy. For this reason, anti-
biotic prophylaxis is recommended for women with
ADPKD following a single confirmed episode of UTI,
even in the absence of symptoms, to prevent further com-
plications during pregnancy.?>*’

Counseling. When women with ADPKD plan a pregnancy,
they face complex decisions regarding not only their health
but also the future of their offspring, including the poten-
tial hereditary transmission of the disease. These decisions
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are influenced by the expectations of partners and families,
and sometimes concern about risks may overshadow hope,
leading to renunciations.®’

Preconception counseling must address various aspects,
including the optimization of pharmacological therapy,
reproductive options, potential pregnancy outcomes, and
risks for both mother and child. Furthermore, it is essential
to evaluate the long-term impact of pregnancy on renal and
cardiovascular health, as well as the potential implications
for PLD.2%%

A personalized risk assessment, considering renal func-
tion, proteinuria, and BP, is thus fundamental. Additionally,
performing a renal ultrasound can be useful for monitoring
cyst progression, especially if it has not been recently
conducted.

A crucial aspect of pregnancy for women with ADPKD
is the hereditary nature of the disease. For conditions with
a high probability of transmission, assisted reproductive
technologies represent a viable option for patients wishing
to have healthy children.”””>*® Third-generation in vitro
fertilization (IVF) and preimplantation genetic testing
(PGT) have been successfully used to reduce the risk of
transmitting ADPKD to offspring, bringing the probability
of transmission down from 50% to 1%—2%.°!

However, PGT is only possible if the disease-causing
mutation has been identified in the family and a single-cell
genetic test has been developed. In some families affected
by ADPKD, the complexity of variable penetrance caused
by polymorphic alleles and modifier variants may compli-
cate genetic counseling and make PGT impossible.”?
Despite these limitations, PGT offers a personalized
approach to managing the inheritance of this chronic and
potentially debilitating condition.

Furthermore, IVF carries risks such as a slight increase
in the risk of ovarian hyperstimulation syndrome, ectopic
pregnancies, and potential progression of PLD due to
estrogen-based medication.””> Although estrogen-based
medication is commonly used in IVF procedures, their
usage in women with ADPKD should be carefully consid-
ered. In this situation, having a comprehensive conversa-
tion with medical professionals and taking into account
individualized treatment plans are crucial first steps in
reducing the hazards connected to estrogen medication.”?

PLD and transplantation

Only 10%-20% of patients with PLD characterized by
multiple cysts and hepatomegaly exhibit significant clini-
cal symptoms, with most of these patients being women.
The volume of the liver has a significant impact on prog-
nosis, especially when associated with frequent hospitali-
zations and refractory symptoms that severely compromise
the patient’s quality of life and overall well-being.
Organomegaly is often accompanied by malnutrition and
esophageal and gastric symptoms, such as dyspnea, reflux,

massive ascites, and abdominal pain. Major risk factors
include female sex, multiple pregnancies, and prolonged
estrogen therapy.”?

Most patients require clinical treatment, primarily phar-
macological, aimed at alleviating symptoms. Liver trans-
plantation represents the last therapeutic option for selected
cases of ADPKD and severe PLD that do not respond to
other therapies. This solution becomes particularly rele-
vant for patients in ESKD or advanced stages (stage 3b—4)
who also require a kidney transplant, making combined
transplantation feasible.*

In some countries, organ allocation is based solely on
the Model for End-Stage Liver Disease (MELD) score,
which does not adequately reflect the severity of liver dis-
ease in PLD cases. Even in severe PLD, good liver func-
tion and protein synthesis are maintained, with no alteration
of classic markers of liver dysfunction, such as prothrom-
bine time (PT) and serum albumin, which significantly
contribute to the MELD score. Consequently, the priority
on the transplant waiting list is often low.”

Currently, there are no universally accepted objective
indications for liver transplantation in ADPKD cases, and
each case must be evaluated individually. Transplantation
is usually reserved for patients who do not respond to other
therapies or who experience progressive deterioration of
liver function, although this is rare.

Despite the fortunate increase in double kidney—liver
transplants in recent years, objective guidelines defining
indications for the procedure are lacking. The absence of
standardized protocols and severity criteria limits the abil-
ity to accurately identify ideal candidates. Although no
indication criteria based solely on organ size exist, they
must be considered a crucial factor, especially in female
patients, due to their significant impact on quality of life.
Besides metabolic complications, gastrointestinal and res-
piratory symptoms, along with psychological aspects, are
crucial factors that need to be addressed to improve the
overall well-being of patients.

When well indicated, double kidney—liver transplanta-
tion offers excellent outcomes in terms of survival and
quality of life improvement, although this indication
remains relatively uncommon.**

Psychological aspects

From a psychological perspective, women with ADPKD
face a series of specific challenges, in addition to the com-
mon symptoms experienced by all patients with this dis-
ease. Scientific research and clinical experience have
highlighted that these women must confront not only the
debilitating physical symptoms of the disease but also pro-
found psychological repercussions related to their body
image and quality of life.%

One of the most significant physical issues is the devel-
opment of an enlarged abdomen due to the expansion of
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renal cysts and, in some cases, hepatic cysts. This abdomi-
nal enlargement leads to chronic and uncomfortable bloat-
ing, often accompanied by pain, which limits the patients’
movements and daily activities. However, the discomfort
extends beyond the physical: the appearance of a distended
abdomen, which may make them look pregnant, nega-
tively impacts how women perceive their bodies, leading
to embarrassment and insecurity.”

This discomfort related to body image significantly
affects their self-esteem and quality of life, influencing not
only social relationships but also intimate ones. In particu-
lar, many women report difficulties in the sexual sphere
and problems with interaction within the couple, a phe-
nomenon that, while it can also occur in men with ADPKD,
is particularly felt by women.%

Another major concern for women with ADPKD is
family planning. The fear of passing the disease onto their
children is often a source of anxiety and indecision.
Pregnancy, already a complex period in a woman’s life,
becomes even more delicate for these patients, who must
face not only the biological and physiological changes
typical of this phase but also a significant emotional and
psychological burden.

Concerns primarily revolve around the risk of compli-
cations related to the disease, such as worsening renal
function, the development of pregnancy-induced hyper-
tension, and preeclampsia—conditions that can accelerate
progression toward ESKD. This fear for the future, com-
bined with the possibility of transmitting the disease, can
make pregnancy a particularly stressful and anxiety-laden
experience.”’

In general, while pregnancy is often idealized as a
period of unconditional happiness, for women with
ADPKD, it can represent an extremely challenging phase,
both physically and emotionally. These factors underscore
the importance of targeted psychological support that con-
siders the specific needs of these patients, helping them
manage the complexities of their condition and improve
their overall quality of life. Women with ADPKD often
experience profound feelings of frustration, confusion, and
stress related to the fear of genetically transmitting the dis-
ease to their children. This fear is accompanied by a higher
risk of fetal loss, as evidenced by recent studies.”>** These
concerns can generate a wide range of psychological dis-
tress, both during pregnancy and in the postpartum period.

Moreover, these issues can significantly impact the
couple’s relationship, creating tensions and difficulties in
communication and intimacy with their partner. These ele-
ments highlight the importance of adequate and timely
psychological support for women with ADPKD, especially
during and after pregnancy.

Among the psychological intervention models used to
reduce psychophysical distress caused by illness, body-
based approaches have proven effective. Mindfulness pro-
tocols have a positive impact on psychophysical distress.

These programs aim to enhance self-awareness and self-
acceptance, guiding individuals through a process of self-
discovery. The goal is to help patients understand their
physical illness and develop a healthier, more functional
relationship with both their bodies and their condition.

For these interventions to be effective, patients must
be actively engaged. This can be achieved, for example,
through open communication with the care team and the
doctor, who serves as a point of reference during
treatment.”®

Women in our outpatient clinic

About five new diagnoses are made each month at the San
Raffaele Hospital’s dedicated ADPKD clinic, which has
been in operation for 15years and currently has 400
patients in follow-up from all over Italy. Over 200 patients
are female, and as shown in Figure 2, they are the focus of
a treatment plan specifically designed for them that utilizes
some significant partnerships.

If a woman feels the need for psychological support, or
if it is deemed helpful, a dedicated pathway for mental
healthcare can be initiated. This often includes focused
work on body image concerns, which can arise due to
changes in physical appearance or health status related to
ADPKD, and also on the dynamics of the couple’s
relationship.

Many women with ADPKD develop unhealthy eating
habits due to emotional eating, erratic appetite, and man-
aging the condition. Working with a nutritionist can help
transform these habits. Insulin resistance is more likely in
ADPKD patients, and a well-planned, kidney-friendly diet
with low glycemic index, low-sodium, and balanced
approach is crucial for long-term health.

Conclusions

Most of the literature to date has concentrated on ADPKD
as a general condition, there is mounting evidence that
suggests women may differ from men in terms of how the
disease progresses, how they respond to treatment, and
how they fare overall. Caring for women with ADPKD
requires a compassionate, personalized approach that con-
siders genetic, physical, and emotional dimensions of the
disease.

Woman’s genetic profile does not include only PDK1
or PDK2 mutations, but also genetic modifiers. These
genetic differences can offer valuable information about
how each patient’s disease will progress, enabling more
individualized and efficient treatments. Plans for treatment
can be modified to better manage the illness and enhance
results by taking genetic information into account.

Early genetic counseling can provide valuable insights
for family planning and help clarify the potential impact of
the disease.
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FIRST VISIT TO DEDICATED CLINIC
Overseen by a multidisciplinary group

* Physical examination and medical history
* Rebuilding family history

* Assessment of potential comorbidities

T ————

Genetic testing NGS
*  Certainty diagnosis

Psychological evaluation
*  Bodyimage and quality of life

. Prognostic role >< . Sexual sphere and couple
* PGT (o interaction @
A *  Family planning

Gynecological evaluation

. identify PCOS

*  contraception/treatment of
menopause symptoms

*  pregnancy

Nutritional evaluation
. Personalized nutritional

@ approach

Low glycemic index diet

Radiology

* Ultrasound evaluation

* TKV identification (CT/MRI)
* Brain MRI

O

INDIVIDUAL FOLLOW-UP

* Selecting the right therapy

* Clinical research proposal

* Evaluation at the trasplant centre (in needed)

» promotion of psychophysical well-being and a supportive
psychological path (comprehending and processing
subjective experiences of suffering)

* Appropriate radiological monitoring

* Individualized nutritional diet treatment

The ADPKD team reassesses every six to eight months

Figure 2. Multidisciplinary approach in ADPKD.
ADPKD: autosomal dominant polycystic kidney disease; CT: computed tomography; MRI: magnetic resonance imaging; NGS: next-generation
sequencing; PCOS: polycystic ovary syndrome; TKV: total kidney volume.

tomography, is essential to evaluate cyst burden in both
kidneys and liver, as liver involvement is often more prev-
alent in women.

Women with ADPKD frequently experience symptoms
like abdominal pain, hematuria, and recurrent UTIs more
intensely. Imaging, such as ultrasound, MRI, or computed
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Hormonal pathways play an important part in ADPKD
as well. Hormonal changes in women, particularly during
pregnancy and menopause, can affect kidney function and
cyst development. In order to ensure that women receive
care that is appropriate for their stage of life, treatment,
and counseling are informed by an understanding of these
hormonal interactions.

Pregnancy counseling is crucial due to ADPKD’s
genetic implications and associated maternal-fetal risks.
For those considering family planning, PGT is a valuable
option. When discussing contraception, non-hormonal
methods such as the copper IUD, or minimally systemic
hormonal options like the vaginal ring, can help limit
estrogen’s effect on liver cyst growth. Menopause intro-
duces additional challenges and non-hormonal treatments
or local hormone therapy are the most recommended.

For women with significant liver symptoms, lifestyle
modifications may offer some benefit, while severe cases
may require liver transplant consideration. The psychologi-
cal impact of ADPKD is profound, affecting body image,
self-esteem, and hereditary concerns. Ongoing psychologi-
cal support is crucial to address these issues, and a collabo-
rative, individualized care plan can empower women to
manage ADPKD with confidence and resilience. By
addressing both physical and emotional aspects, we can
help women navigate ADPKD with a greater sense of con-
trol and well-being, supporting a better quality of life.

Limitation of the study

This review has several limitations. Restricting inclusion
to studies from selected databases may have introduced
selection bias. The included studies varied in quality, with
some lacking methodological rigor, which may affect the
strength of the conclusions. Significant heterogeneity in
populations, interventions, and outcomes limited the abil-
ity to conduct a meta-analysis.
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