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treatment, outcomes and evidence-base. In keeping with Astley 
et al ., we elect to describe ‘gender’ differences, whilst acknowl- 
edging that sex and gender are distinct. 

DEFINING CKD IN OLDER WOMEN 

KDIGO guidelines recommend diagnosis and staging of CKD 

severity on the basis of measurement of GFR and albuminuria 
[ 12 ]. This mechanism for stratifying CKD has the potential to 
overestimate renal function in women, particularly when con- 
sidering older women [ 11 ]. 

The Chronic Kidney Disease Epidemiology Collaboration 
equation ( CKD-EPI ) was used by Astley et al . [ 11 ] as a measure- 
ment of kidney function and is commonly used by clinicians 
for prognostication in CKD. However, the CKD-EPI study popu- 
lation under-represented older adults, with only 13% of partici- 
pants > 65 years and < 2% of participants > 75 years [ 13 ]. Women 
were also under-represented, constituting 43% of the total study 
group [ 14 ]. In a study of community-based older adults, CKD-EPI 
was demonstrated to overestimate kidney function in women, 
particularly at higher eGFR [ 15 ]. It is therefore likely that we have 
not yet captured the true burden of CKD in women globally. 

Several mechanisms exist for GFR measurement, but mea- 
surement of the concentration of creatinine ( eGFRcr ) or cystatin 
C ( eGFRcys ) in serum are the most commonly used in clinical 
practice [ 16 ]. eGFRcr is an imperfect measure of kidney func- 
tion, as serum creatinine concentrations are dependent on mus- 
cle cell turnover, and therefore vary with non-GFR determinants 
such as physical activity, muscle inflammation, catabolic states 
and dietary protein intake [ 16 ]. CKD accelerates physiological 
changes such as sarcopenia, systemic inflammation and protein 
malnutrition which contribute to the frailty phenotype in older 
adults [ 17 ]. While also influenced by non-GFR determinants such 
as inflammation and cardiometabolic disease, eGFRcys may be 
considered a more accurate method of GFR estimation [ 18 ]. 
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NTRODUCTION 

hronic kidney disease ( CKD ) is a significant global health con- 
ern. In 2019, 850 million individuals were recorded as having 
idney impairment, and there is an expectation that by 2040 CKD 

ill be the fifth leading cause of death worldwide [ 1 ]. Women 
re disproportionately affected, experiencing lower estimated 
lomerular filtration rate ( eGFR ) and greater prevalence of albu- 
inuria when compared with men [ 2 ]. 
Patients with CKD, particularly those requiring kidney re- 

lacement therapy ( KRT ) , have significantly reduced life ex- 
ectancy when compared with age-matched individuals in the 
eneral population [ 3 ]. Excess mortality occurs across the full 
pectrum of CKD stages and those with a CKD diagnosis have 
 greater probability of dying than developing end-stage kidney 
isease [ 4 ]. 
Cardiovascular ( CV ) disease remains a leading cause of death 

n CKD patients, who experience a high burden of hyperten- 
ion, diabetes and CV comorbidity [ 5 ]. CV disease burden be- 
ins early in CKD, with eGFR < 60 mL/min/1.73 m 

2 and albumin 
reatinine ratio 30 mg/g being associated with higher rates of 
V mortality, independent of existing CV risk factors [ 6 ]. This 
isk increases with CKD progression, with 5 mL/min/1.73 m 

2 de- 
erioration in kidney function being associated with a 26% in- 
reased risk of CV death [ 7 ]. The CKD population is aging, with
 mean age of 75 years described among a large pooled patient 
ohort [ 8 ]. The median age of prevalent CKD patients with eGFR 
30 mL/min/1.73 m 

2 in the UK is now 77.6 years [ 9 ]. Enhanced 
V risk is particularly relevant to these patients, the majority of 
hom will never require KRT prior to death and who are as likely 
o experience a major adverse cardiovascular event ( MACE ) as 
hey are to require KRT [ 10 ]. 

In their investigation of the role of gender in CV disease in 
lder adults with CKD, Astley et al . focused on a patient group 
hat is traditionally under-represented in the medical literature 
 11 ]. This editorial considers the burden of CV disease in CKD,
ith particular emphasis on gender disparities in diagnosis,
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In a dedicated study of older adults, Potok et al . demonstrated
hat the lower measurement of eGFRcr and eGFRcys provided 
 more accurate estimate of eGFR [ 19 ]. A discrepancy between
GFRcr and eGFRcys is commonly seen in older women, and
here is evidence that using a combination of creatinine and
ystatin C improves accuracy of GFR estimation in this circum-
tance [ 20 ]. 

There is a need for a greater body of evidence evaluating
he quantification of CKD in women, in particular older women,
o enable more accurate diagnosis and to inform prognostic 
onversations. 

EFINING MACE 

ow studies define MACE has a direct bearing on whether they
apture the burden of CV disease in women with CKD. There is
ide variation in the definition of MACE used within medical lit-
rature [ 21 ]. Studies most commonly include acute myocardial
nfarction and acute ischaemic stroke, and least commonly in- 
lude heart failure [ 21 ]. This is directly relevant to older women,
ho experience higher mortality and hospitalization as a con- 
equence of heart failure [ 22 ]. Inconsistencies in MACE mea-
urement likely contribute to the inadequate characterization 
f MACE in older women with CKD. 

Astley et al . used a broad definition to capture MACE which
ncludes comorbidity or hospitalization as a result of cerebrovas- 
ular disease, coronary artery disease, peripheral vascular dis- 
ase, arrhythmia and heart failure diagnoses [ 11 ]. Broad com-
osite outcomes such as these are appealing as they reduce the
tudy population size needed to demonstrate a significant event 
ate. This broad definition of MACE could also be viewed as in-
lusive of the group of older women with CKD that the study is
iming to characterize. 

However, broad composite endpoints such as this have in- 
erent flaws. Equal weighting is often given to each event type,
eaning that studies have no ability to capture the relative im-
act or clinical significance of an event for patients [ 23 ]. Broad
omposite endpoints for MACE also draw comparison between 
vents that are underpinned by different pathophysiological 
echanisms. If the goal of clinical research is to reduce adverse
ealthcare outcomes for patients, then this makes translation 
f research into therapeutic intervention incredibly challenging.

Using a broad definition of MACE in observational epidemi- 
logical studies is therefore important in order to capture the
urden of disease in women. However, a study that sought to im-
rove female MACE outcomes would have to focus on the mech-
nisms of MACE that are directly relevant to women. 

ISK FACTORS AND MECHANISMS OF MACE 

N OLDER WOMEN 

iabetes and hypertension remain prominent causes of renal 
unction decline and mortality in patients with CKD [ 4 ]. How-
ver, women with CKD are less likely to have features of the
etabolic syndrome, with smaller waist circumference, lower 
holesterol, less diabetes and lower systolic blood pressure than 
heir male counterparts [ 7 ]. This suggests that alternative mech-
nisms may be relevant to the development of CV disease in
omen. 
Socioeconomic factors such as smoking status, low income,

ccess to healthy diet and exercise, and levels of depression are
lso important determinants of whether women develop cere- 
rovascular disease following menopause [ 24 ]. Globally, women 
re more likely to live in poverty with insecure access to nutri-
ion, safe drinking water and basic healthcare resources [ 25 ]. Ac-
ess to secondary and higher education is limited, meaning that
any women participate in unpaid or low income employment,
hich limits financial autonomy and presents a significant bar-
ier to accessing healthcare [ 25 ]. 

Ethnicity is an important determinant of CKD progression
nd CV risk factors. Women from Black and minority ethnic
 BAME ) groups have higher rates of diabetes, with earlier onset
nd poorer glycaemic control [ 26 ]. BAME groups are more likely
o develop hypertension than white groups, with the Black pop-
lation being least likely to achieve target blood pressure [ 27 ].
hile women from white, Asian and Latino populations expe-

ience lower blood pressure readings than their male counter-
arts, this protective effect is lost for women in Black popula-
ions [ 28 ]. 

However, it is also likely that hormonal changes, and in par-
icular declining oestrogen levels during peri-menopause, influ- 
nce the risk of developing CV disease. 

Pregnancy is an important event which influences female
ealth across the lifespan, with higher parity being linked to in-
reased MACE in post-menopausal women [ 24 ]. Pre-eclampsia
nd hypertensive disorders of pregnancy are common, affecting 
p to 10% of pregnancies globally, and these are also important
isk factors for the lifetime development of CKD [ 29 ]. 

Women diagnosed with pre-eclampsia accrue risk factors 
hat make CV disease more likely, such as dyslipidaemia and
ypertension, and as a result they experience greater rates of
V mortality and morbidity. This heightened CV risk persists
hroughout the life course, with inequities being seen in women
p to 95 years old [ 30 ]. This excess CV risk may be explained by
bnormal vascular remodelling which contributes to premature 
ascular aging in women with pre-eclampsia [ 30 ]. 

The CV health of pregnant women has far-reaching impli-
ations for the health of the global population. Both CKD and
ypertensive disorders of pregnancy increase the likelihood of
dverse neonatal outcomes, such as low gestational weight and
re-term delivery. The consequence is higher incidences of CKD,
ypertension and diabetes in future generations [ 2 ]. 
Incidence of MACE increases significantly post-menopause 

 22 ]. There is also increased CV risk demonstrated in women
ho undergo early menopause or premature ovarian failure [ 22 ].
his is further emphasized by studies demonstrating a long-
erm protective effect from myocardial infarction in women who
ommence hormone replacement therapy by the first year fol-
owing menopause [ 31 ]. 

There is evidence that vascular remodelling and platelet
ctivation are fundamental to the development of CV disease
n women. Studies demonstrate that women have higher levels
f platelet aggregation when compared with men, and have a
iminished response to daily aspirin, a drug that is integral to
ACE treatment pathways [ 32 ]. Women have different smooth
uscle cell function and higher levels of vascular stiffness,
hich results in coronary artery disease that is diffuse and
on-occlusive. This is in contrast to men who are more likely
o develop vessel occlusion due to acute atherosclerotic plaque
upture [ 33 ]. This has important implications for the treatment
ptions available to women, who derive less benefit from and
evelop a greater number of adverse bleeding events follow-
ng percutaneous coronary intervention for non-ST elevation 
yocardial infarction [ 33 ]. 
Persistent systemic inflammation causes oxidative stress 

nd endothelial dysfunction, and has been implicated in the de-
elopment of atherosclerosis [ 34 ]. Women with CKD are more
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ikely to have elevated markers of systemic inflammation, such 
s C-reactive protein [ 7 ]. One explanation for this is higher levels 
f autoimmunity in women, who develop renal disease related 
o conditions such as systemic lupus erythematosus, rheuma- 
oid arthritis and systemic sclerosis [ 29 ]. However, an inflamma- 
ory state can also be demonstrated in older adults with CKD.
igh levels of circulating pro-inflammatory cytokines are re- 
eased in response to infection and uraemic toxins, and clear- 
nce declines with progression of renal dysfunction [ 35 ]. 

Systemic inflammation in older adults with CKD contributes 
o anaemia as a result of reduced effective iron absorption and 
tilization [ 34 ]. This is important, as low transferrin saturation 
s associated with an increased rate of MACE and increased mor- 
ality in patients with CKD, independent of whether anaemia is 
resent [ 36 ]. High ferritin, which often represents systemic in- 
ammation in patients with CKD, has also been associated with 
igh mortality rates, though not specifically as a consequence of 
ACE [ 36 ]. 
Higher levels of systemic inflammation may explain recent 

K Biobank data analysis showing that lower eGFRcys/eGFRcys- 
r was associated with excess risk of stroke in women when 
ompared with men, whereas lower eGFRcr was associated with 
qual stroke risk in both genders [ 37 ]. This study highlights that 
omen and men may require different approaches to CV and 
erebrovascular risk stratification. 

ONSEQUENCES OF MACE FOR OLDER 

OMEN 

stley et al . found that female gender became less protective 
gainst CV disease in older adults with CKD, particularly over 
5 years of age [ 11 ]. When the entire life course is considered,
en and women share a very similar absolute risk of develop- 

ng CV disease [ 38 ]. The nature of this CV disease burden differs 
etween genders, and for women the majority of risk is accrued 
n old age as a consequence of stroke [ 38 ]. 

Astley et al . describe similar rates of fatal MACE between 
lder men and women with CKD [ 11 ]. However, older women 
ho survive a CV insult are likely to have an additional bur- 
en of significant morbidity and change in functional status.
erebrovascular disease is an important cause of excess mor- 
ality for older women, but it also causes significant functional 
mpairment. When compared with age-matched men, women 
 75 years old experience poorer return to baseline physical 
unction, greater levels of fatigue and higher reported depres- 
ion and anxiety symptoms [ 39 ]. 

In addition, older adults with CKD are more likely to develop 
railty than the general population [ 40 ]. The frailty syndrome 
ay further disadvantage older women with CKD by predispos- 

ng them to longer inpatient admissions and a higher likelihood 
f discharge to long-term care following a stroke [ 41 ]. There are 
lso gender disparities seen in access to evidence-based stroke 
reatments, with women 13% less likely to undergo treatment 
ith intravenous thrombolysis, despite similar post-treatment 
enefits when compared with men [ 40 ]. 

These negative health outcomes are not confined to stroke,
ith older women reporting greater levels of physical limitation,
ocial isolation and poorer health-related quality of life with 
oronary artery disease when compared with men [ 42 ]. 

This is attributable at least in part to difficulty engaging 
omen in evidence-based treatments. Women are less likely 
han men to be taking secondary prevention medications as pre- 
cribed at 12-month follow-up post-myocardial infarction [ 43 ].
his results in higher rates of readmission, event recurrence and 
eath [ 44 ]. 
Participation in cardiac rehabilitation has been extensively 

hown to provide morbidity and mortality benefits following 
cute myocardial infarction. Women are less likely to be referred 
or cardiac rehabilitation, particularly those from areas of so- 
ioeconomic deprivation, older women and those from minor- 
ty ethnic groups [ 44 ]. However, attendance at cardiac rehabil- 
tation remains poor even for those women who are referred,
hen compared with male counterparts [ 44 ]. 

EPRESENTATION OF OLDER WOMEN IN CKD 

ESEARCH 

ver the past 30 years there has been poor inclusion of women 
n CKD trials in comparison with the burden of CKD that they ex-
erience [ 45 ]. This is a finding shared across CV research, where
omen in the > 65-year-old age group are particularly under- 
epresented [ 46 ]. 

This is important, as the exclusion of women from clini- 
al research directly impacts their ability to access high-quality 
ealthcare resource. Women have restricted access to medica- 
ions and are less likely to be referred for investigations that 
ave been trialled in predominantly male patient groups [ 47 ]. For 
he CKD population this likely contributes to the disparity in ac- 
ess to KRT and kidney transplantation experienced by women 
lobally [ 2 ]. 

Socioeconomic deprivation prevents women from participat- 
ng in clinical trials through factors such as reduced access to 
ransport, inflexible working patterns and employment insecu- 
ity [ 48 ]. With higher rates of hypertension, diabetes and obesity,
omen from low income backgrounds are precisely the women 
ho are most likely to derive benefit from CV and CKD research.
Women experience an additional caregiver burden often not 

hared by men, and responsibilities for unpaid family care pose 
 barrier to participation in studies which usually require in- 
erson visits and operate during conventional office working 
ours [ 49 ]. This is particularly problematic for women from mi- 
ority ethnic groups [ 49 ]. For those motivated to include women 
n clinical trials, provision of financial remuneration, transport 
nd childcare can enhance recruitment and retention [ 49 ]. 

The way in which women make decisions about participa- 
ion in research is also important. Perception of study investi- 
ators, particularly building a trusting relationship, are valued 
ighly [ 49 ]. Women are less likely to pursue careers in clinical
esearch [ 50 ], and it seems likely that this lack of female leader-
hip and visibility contributes to hesitance of women to partici- 
ate in clinical trials. Furthermore, there is a scarcity of women 
n clinical academic leadership positions, with women account- 
ng for only 10% of clinical trial leadership committees [ 48 ], and
his will inevitably result in research trials that are less oriented 
owards female health. 

Despite having high levels of engagement in healthcare ser- 
ices and a wealth of potential healthcare data available, evi- 
ence focused on the improvement of health outcomes for older 
dults is lacking [ 51 ]. This is particularly true for older adults
 85 years, those with a dementia diagnosis and those living in
esidential care [ 52 ]. The majority of older adults in residential
are are women, and they have complex polypharmacy, inter- 
cting comorbidities and a range of care needs [ 53 ]. The sys-
ematic exclusion of these women from clinical research means 
hat there is a paucity of literature available to clinicians to guide 
olistic investigation and treatment decisions. 
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ONCLUSIONS 

s a consequence of lower GFR, higher albuminuria and longer
ife-expectancy, women experience a greater burden of CKD 

han men, have similar lifetime risk of CV disease, and have a
reater loss to their survival advantage with CKD when com-
ared with men. Astley et al . have sought to capture the impact of
V disease in a group of patients who are consistently excluded
rom the medical literature. They have described a burden of CV
orbidity and mortality that is accrued by older women with
KD. However, this observational study has not fully depicted 
he serious adverse consequences of non-fatal MACE for these 
omen, such as loss of functional independence and reduced 
uality of life. We are in urgent need of a robust body of evi-
ence that allows appropriate risk stratification, timely investi- 
ation, accurate diagnosis and targeted treatment of MACE in 
omen with CKD. Research that is truly focused on women’s
ealth goals must promote inclusivity and address the numer- 
us barriers to participation that limit recruitment and retention 
f women in clinical trials. Furthermore, CV trials must be devel-
ped with outcomes that reflect the mechanistic differences in 
he development of MACE between men and women. 
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