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Chronic kidney disease in postmenopausal women

Hiromichi Suzuki1 and Kazuoki Kondo2

Menopause is derived from the Greek words men (month) and pauses (cessation) and means permanent cessation of

menstruation after the loss of ovarian activity. Chronic kidney disease (CKD) has recently been associated with cardiovascular

events in several studies. CKD patients have a heavy burden of traditional cardiovascular risk factors in addition to a range of

nontraditional risk factors such as inflammation and abnormal metabolism of calcium and phosphate. In this review, the

association of CKD and cardiovascular disease (CVD), as well as of osteoporosis in postmenopausal women is discussed. CKD

mineral and bone disorder, characterized by disturbances of calcium/phosphate/parathyroid hormone, bone abnormalities and

vascular and soft tissue calcification, is highly prevalent in CKD and is a strong, independent predictor of bone fracture, CVD

and death. Estrogen has been shown to: (a) decrease the expression of angiotensin type 1 receptors in vasculature and kidneys;

(b) reduce the expression and activity of angiotensin-converting enzyme, and (c) cause the release of angiotensinogen substrate

from the liver. However, the degree of activation or suppression of the renin–angiotensin–aldosterone system by estrogen has not

been clearly established. Clinical data on the effects of estrogen therapy on bone mineral densities are extremely limited in the

ESRD population. CVD is the most common cause of death in postmenopausal women with CKD and many contributing factors

have been explored. Future research for prevention of CVD in postmenopausal women with CKD would focus on the biology

of vascular calcification as well as bone loss.
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INTRODUCTION

Menopause is derived from the Greek words men (month) and pauses
(cessation) and means permanent cessation of menstruation after the
loss of ovarian activity. Clinically, menopause is defined as the absence
of menstruation for 12 months.1 In clinical medicine, it is well known
that menopause is associated with accelerated progression of vascular
diseases and osteoporosis as a long-term health risk in women. Indeed,
menopausal status increases the risk of cardiovascular disease (CVD)
by more than three-fold in women with normal kidney function.2

Several factors such as the prevalence of hypertension,3 diabetes,4

dyslipidemia5 and so on are known contributors to CVD. In addition
to these factors, several studies reveal that chronic kidney disease
(CKD) is closely related with CVD events.6–9 Moreover, Perticone
et al.10 have recently demonstrated that the reduction of estimated
glomerular filtration rate (GFR) was associated with the increased risk
of death and CVD events, independently of traditional CV risk factors,
menopause duration and presence of metabolic syndrome.
In addition to these risks in CVD, women lose an average of 25

percent of their bone mass from the time of menopause to age 60, due
in large part to the loss of estrogen. Over time, this loss of bone mass
can lead to osteoporosis and its related fractures are a serious problem
affecting postmenopausal women.11 Recently, two serious sequels of
menopause have been closely associated with CKD. CKD is associated
with accelerated progression of CVD, perhaps because CKD patients

have a heavy burden of traditional cardiovascular risk factors in
addition to a range of nontraditional risk factors, such as inflamma-
tion and abnormal metabolism of calcium and phosphate. Besides,
CKD is associated with increased oxidative stress,12 which is reported
to be correlated with the development of coronary artery disease in
patients with impaired renal function.13 Although the cardiovascular
burden of CKD is well documented, potentially beneficial therapies
are sometimes underused in CKD patients of stage 3–4 and are rarely
studied in patients on dialysis. The presence of kidney disease,
manifested by low glomerular filtration rate and/or large amounts
of protein in the urine, is independently associated with increased
rates of CVD.14 Moreover, the prevalence of low bone mineral
densities (BMD) and osteoporosis increases with greater severity of
CKD.15,16 However, data regarding CKD in postmenopausal women
are limited. In this review, the association of CKD and CVD, as well as
of osteoporosis in postmenopausal women will be discussed.

ROLE OF ESTROGEN IN CKD

Hypertension is a major risk factor among a number of factors that
contribute to deterioration of CKD and notably, the incidence of
hypertension increases more rapidly in postmenopausal women.
Although the mechanism responsible for this rapid increase is not
fully understood17–19 salt has an important role in hypertension
and progression of CKD especially in postmenopausal women.20
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Our previous data clearly demonstrated that salt sensitivity correlated
inversely with levels of circulating estrogens(estrone, estradiol and
estriol) and progesterone. This suggested that decreases in estrogens
and progesterone levels and increased sensitivity to dietary sodium
may be important factors in the genesis of postmenopausal hyperten-
sion.21 The World Health Organization (WHO) Cardiovascular Dis-
eases and Alimentary Comparison Study proposed two possible
explanations.22 One is that women who have increased salt sensitivity
after menopause may have been salt-sensitive before menopause. The
other is that hormonal changes that occur immediately after meno-
pause may lead directly or indirectly, to some extent, to an increase in
salt sensitivity. Moreover, male Dahl salt sensitive (DS) rats became
more hypertensive than female DS rats when given high dietary salt,
suggesting that estrogen has an important role in regulating blood
pressure (BP) in female DS rats.23 From these studies, significant
sodium–BP associations in postmenopausal women might be one of
the mechanisms by which menopause exerts its effects on risk of CVD.
Previously our study demonstrated a blunted or anti-natriuretic

shift in the pressure–natriuresis relationship in DS rats when com-
pared with Dahl salt-resistant rats.24 Ovariectomy further impaired
the pressure–natriuresis response in DS but not in Dahl salt-resistant
rats. Harrison-Bernard et al.25 further showed that in DS rats, despite a
normal salt diet, ovariectomy promoted hypertension accompanied by
left ventricular hypertrophy. These findings support the notion that
cardiac remodeling and glomerulosclerosis may share common ele-
ments in their pathogenesis. It has been suggested that the renopro-
tective effects of estrogen may be related to their effects on glomerular
mesangial cells (MCs) in a manner analogous to the effects of
estrogens on cardiac cells in cardiac remodeling. It has been demon-
strated that the cardiovascular protective effects of endogenous estro-
gens involve direct effects on blood vessels through modulation
of endogenous vasoconstrictors, such as angiotensin (Ang) II and
vasodilators such as nitric oxide (NO).26 In addition, a close relation
exists between estrogen and Ang II. Estrogen has been shown to: (a)
decrease the expression of Ang type 1 receptors in vasculature and
kidneys;27 (b) reduce the expression and activity of angiotensin-
converting enzyme28,29 and (c) cause the release of angiotensinogen
substrate from the liver. Although the degree of activation or suppres-
sion of the renin–angiotensin–aldosterone (RAA) system by estrogen
has not been clearly established, RAA and NO systems have a central
role in BP regulation and electrolyte balance and are involved in the
phenomenon of salt sensitivity under the influence of estrogen.
Gragasin et al.30 demonstrated that AII stimulation of endothelial

cells increased the expression of NAD(P)H oxidase and NOS, which
may contribute to oxidative stress, as evidenced by peroxynitrite
formation. Several other studies support the notion that estrogen
has the potential for exerting vasoprotective effects through modula-
tion of pro-oxidant and antioxidant enzyme expression and activity by
modulating the RAA and NO systems,31 as well as enzymes such as
NAD(P)H oxidase, Rho-kinase and superoxide dismutase,32 and the
transcription factor NF-kB.33 The aforementioned findings demon-
strated that in addition to the known effects on eNOS activity and
expression, estrogen acts as an indirect antioxidant at the genomic
level by downregulating the capacity of endothelial cells to generate
reactive oxygen species, thereby improving their NO/O2 balance. This
add-on effect may have an important role in the known anti-athero-
sclerotic effect of estrogen in premenopausal women that contributes
to their lower incidence of coronary heart disease and myocardial
infarction (MI) than in age-matched men.34

The results of our previous study35 might help in understanding
these complex mechanisms. The study was conducted to elucidate the

relationship between estrogen and the RAA system in the process of
cardiac remodeling and nephrosclerosis in ovariectomized DS rats
with MI. BPs in female DS rats with MI and with or without
ovariectomy transiently increased at week 4, and then gradually
decreased toward the end of the study. Administration of Ang receptor
blocker (ARB) reduced BP in ovariectomized rats independently of
estrogen supplementation. Urinary protein excretion was increased by
ovariectomy, while it was decreased by estrogen supplementation and
ARB administration. Ovariectomy resulted in increased activity in the
RAA system, whereas estrogen supplementation and ARB suppressed
the RAA system. Expression of ecNOS was decreased in the
ovariectomized rats. This was reversed by estrogen supplementation
in the heart but not in the kidneys, although administration of ARB
reversed ecNOS expression in both the heart and the kidney. In the
pathology of the kidney, in contrast to these physiological parameters,
estrogen supplementation produced thrombotic microangiopathic
lesions in the glomeruli. These changes were reversed by concomitant
administration of ARB. From this study, the following working
hypothesis will be proposed; (1) estrogen might protect from
development of cardiac remodeling and deteriorating heart failure,
(2) estrogen replacement promoted microangiopathy in the kidney
due to thrombosis, (3) in overall, concomitant administration of
estrogen supplementation and the blockade of the RAA system
might be effective for protection of the heart and the kidney in
ovariectomized DS rats.
In addition to these crucial roles of estrogen in a protective role

against progression to renal injury, several other specific effects of
estrogen have been reported described below.
MCs may be a target for estrogens. Estrogen action is mediated via

estrogen receptor (ER) subtypes ERa and ERb. Both ER subtypes are
expressed in human and mouse MC. Using an estrogen-responsive
reporter construct in transfection assays, it was also demonstrated that
nuclear ER was transcriptionally active. Estrogen 2 increased both
metalloproteinase (MMP)-9mRNA and MMP-9 activity in MC. This
may be an important mechanism by which estrogens influence ECM
turnover and protect against progression of diabetic glomerulosclero-
sis.36 In renal tissue culture, estrogens inhibit the synthesis of type I
and type IV collagens.37 As accumulation of glomerular extracellular
matrix after renal injury is a precursor to the development of
glomerular obsolescence and progressive loss of renal function, the
ability of estrogens to inhibit fibrogenic cytokine-stimulated collagen
IV synthesis may contribute to the protective effect in females on the
progression of renal disease.37 Estrogen also stimulates the activity of
two collagen degrading enzymes, MMP-2 and MMP-9. As matrix
deposition and scarring contribute to the progression of renal disease,
estrogens may affect progression rates by interfering with the fibro-
genic process.38 In addition to these findings, Guccione et al.38 further
demonstrated that estradiol suppresses type I and IV collagen synth-
esis and that estradiol stimulates MMP-2 activity in MCs. This
suggests that estradiol shifts the balance of matrix metabolism away
from matrix accumulation and glomerulosclerosis. These effects of
estradiol on collagen metabolism may also contribute to the protec-
tive effect in females on renal disease progression. Finally, they
concluded that continuous estrogen replacement therapy prevented
the development of microalbuminuria and maintained normal glome-
rular structure in Ovx ROP Os/+ mice, a model of progressive
glomerulosclerosis. The protective effects of continuous estrogen
exposure were superior to those of endogenous estrogens that are
secreted in a cyclical manner. Glomerular function and structure
deteriorated during phases of chronic estrogen deficiency regardless
of the timing of its onset, and the ensuing glomerular dysfunction and
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morphological changes could not be prevented by subsequent estrogen
replacement. The in vivo findings are mirrored in the MC phenotype.
MCs remain estrogen-sensitive if exposed to continuous or cyclical
levels of estrogens in vivo and irreversibly regress into an estrogen-
insensitive, diseased cell type after prolonged estrogen deficiency.
Another important finding was that tamoxifen reduced microalbumin
excretion, and prevented the deterioration of the glomerular structure
although not to the same extent as continuous estrogen replacement
therapy. The implications of these findings could be far reaching if
similar observations are made in women, especially those with a
propensity to develop CKD.39

Although the mechanisms responsible for elevation of BP in
postmenopausal women are complex and multifaceted,40 a close
relation between preeclampsia and CVD in later life is proposed.
Several studies have shown that women who previously had eclamp-
sia/preeclampsia have a 2–6 fold and 1.9-fold higher risk, respectively,
of dying from ischemic heart disease than women who only developed
hypertension at the time of the index pregnancy.41 Endothelial
dysfunction, which is one of the major contributing factors for
ischemic heart disease, is closely linked with NO and oxidative stress.42

Moreover, it is possible that estradiol conceals endothelial dysfunction
until menopause. Women with a past history of preeclampsia might
become hypertensive due to endothelial dysfunction as they approach
menopause. Kaaja et al.43 reported that women with preeclampsia and
pregnancy-induced hypertension displayed hyperinsulinemia, hyper-
triglyceridemia and low high-density lipoprotein cholesterol. In addi-
tion, the same group demonstrated that women were characterized by
significantly elevated immunoreactive insulin levels but normoglyce-
mia 17 years after a preeclamptic first pregnancy.44 Similarly, in
our previous study,45 insulin resistance was apparent in women with
a past history of preeclampsia and these findings supported by
several studies that insulin resistance and the resultant hyperinsuline-
mia are causally related to hypertension and renal injury.46–48

A number of potential mechanisms can account for these deleterious
effects. This is indirectly suggested by the fact that hypertensive
patients with hyperinsulinemia excrete greater amounts of urinary
albumin.49 It is believed that the nature of nephrosclerosis is hetero-
geneous and factors other than BP are implicated in the development
and progression of nephrosclerosis.50 The mechanism by which
insulin can induce renal injury is not completely clear, the deleterious
influence of insulin on injury and dysfunction of endothelial cells has
been shown. In addition to this, an increase of cholesterol and
triglyceride synthesis as a consequence of hyperinsulinemia might
promote vascular injury.51

HORMONE REPLACEMENT THERAPY AND CKD

The issue of hormone replacement therapy in postmenopausal women
remains controversial although this therapy counters osteoporosis and
prevents CVD.52

It is well known that menopause is associated with accelerated
progression of vascular diseases. Ten to 15 years after menopause,
women lose most or all of a lower risk for developing CVD, which
associates with the leading cause of morbidity and mortality in
postmenopausal women, compared with men.53

In general, hormone replacement therapy in postmenopausal
women with CKD has been neglected, although the documented
ability of estrogen to increase NO production and to reduce oxidative
stress appears to be important in the improvement of nephropathy.
Szekacs et al.54 reported that 14 weeks of hormone replacement
therapy in high-risk postmenopausal women resulted in a significant
decrease in the proteinuria associated with progressive diabetic and

hypertensive nephropathy. This was accompanied by a significant
increase in creatinine clearance rate. These favorable effects were
seen despite the fact they had already been treated for hypertension
at entry. These data suggest that hormone replacement therapy can
ameliorate nephropathy, in addition to the benefits of comprehensive
conventional nephroprotective therapy. The Heart and Estrogen/
progestin Replacement Study (HERS) was a randomized, double-
blind, placebo-controlled trial of daily use of conjugated equine
estrogens plus medroxyprogesterone acetate (progestin) on the com-
bined rate of nonfatal MI and CVD death among postmenopausal
women with coronary disease.55,56 Using this large scale clinical trial,
Schlipak et al.57 reported that moderate renal insufficiency (a serum
creatinine level 41.4mg dl�1) was associated with 60–80% increased
risk of cardiovascular events. The association of renal insufficiency
with cardiovascular outcomes persisted among subgroups with and
without hypertension and diabetes and treatment with angiotensin
converting enzyme inhibitors or hormone therapy. Even mild renal
insufficiency (a serum creatinine 1.2–1.4mgdl�1) was associated with
a 20–30% increased risk for CVD events. Later, Shlipak et al.58

evaluated the association of worsened renal function (creatinine
level increase 40.3mgdl�1) during HERS with CVD outcomes that
occurred during HERS-II. Only 9% of participants had worsened
renal function during HERS, and they were characterized by a greater
prevalence of diabetes, lower high-density lipoprotein cholesterol and
higher triglyceride levels, and increased rate of CVD events during
HERS. After adjustment for baseline characteristics, HERS cardiovas-
cular events, and medication use, worsened renal function was no
longer associated with CVD events. However, baseline creatinine levels
from HERS were remarkably strong predictors of HERS-II events.
Further, the same group reported that advanced kidney dysfunction in
postmenopausal women is an independent risk factor for sudden
cardiac death among women with coronary heart disease, an associa-
tion that appears to be mediated in part by the development of
congestive heart failure and incident MI.59 Ginsberg et al.60 reported
that when standard dosage regimens were used for estrogen replace-
ment therapy in postmenopausal women with ESRD, high-density
lipoprotein cholesterol was increased to an extent that would be
expected to improve their cardiovascular risk profile, although there
were no differences in total or LDL cholesterol, other lipoprotein
fractions including Lp(a), and triglycerides. In addition, estrogen may
also heighten the risk of dialysis access thrombosis and other risks
such as endometrial cancer that have not been adequately studied.
At present, hormone replacement therapy cannot be recommended

to women with established coronary artery disease and in postmeno-
pausal women with CKD. As with estradiol–progesterone replacement
therapy in postmenopausal women, it is likely that with androgen
supplementation aging women would not have adverse cardiovascular
consequences. However, in view of the increasing experimental evi-
dence that androgens promote CVD and CKD, androgen supplement
is considered with caution.61

BONE DISEASE IN POSTMENOPAUSAL WOMEN WITH CKD

CKD may have an increased risk for osteoporosis for several reasons,
including shared risk factors for both conditions such as females and
advanced age. Also, CKD may lead to metabolic abnormalities that
accelerate bone loss, such as chronic metabolic acidosis, hypogonad-
ism, hyperparathyroidism and abnormalities of vitamin D metabo-
lism.62 CKD mineral and bone disorder (CKD-MBD), characterized
by disturbances of calcium/phosphate/parathyroid hormone, bone
abnormalities and vascular and soft tissue calcification, are highly
prevalent in CKD and are strong, independent predictor of bone
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fracture, CVD and death.15,16 Moreover, recent discoveries of fibro-
growth factor (FGF) 23 and klotho shed a new light on calcium–
phosphate regulation.63 Huang64 proposed a working hypothesis of
the potential relationship between the effect of klotho on calcium and
phosphate metabolism through FGF 23. According to this hypothesis,
binding of FGF23 to the membrane klotho and FGF receptor co-
receptor complex leads to inhibition of the synthesis of 1,25 vitamin
D3 and inhibition of the expression of Na-dependent phosphate co
transporter in the apical membrane of the proximal tubule. On the
line of this hypothesis, dysregulation of calcium–phosphate in post-
menopausal women with CKD will be investigated in the future,
whether withdrawal of estrogen produce and/or change interaction of
FGF23 and klotho. Osteoporosis, a ‘brittle-bone’ disease, occurs when
the inside of bones becomes less dense, making them more fragile and
likely to fracture. Irrespective of cause, individuals with CKD have a
greater prevalence of osteoporosis and are at increased risk for clinical
fractures. Despite the increased burden of osteoporosis among those
with CKD, the majority of randomized trials evaluating the efficacy of
pharmacological agents in preventing fractures in postmenopausal
women with osteoporosis have excluded women with CKD. As
therapies for osteoporosis typically have not included those with
CKD, the beneficial effects of osteoporosis therapy remain to be
determined.65 CKD may be associated with a higher prevalence of
osteoporosis and osteopenia for several reasons. Individuals with CKD
are more likely to be older, female and vitamin D deficient; have
increased PTH levels; and have had an earlier onset of menopause. In
addition, there is concern that kidney disease itself may be a risk factor
for lower bone mineral disease.66 The biological basis for progressive
bone loss among individuals with impaired kidney function resided in
the greater rates of hip bone loss.67,68 Increased rates of hip bone loss
may potentially increase the risk or hip fracture among individuals
with impaired kidney function. Nickolas et al.69 reported an indepen-
dent correlation between an estimated glomerular filtration rate-
o60ml per min per 1.73m2 and the prevalence of hip fractures
using the cross-sectional National Health and Nutrition Examination
and Survey. Ensrud et al.70 reported a graded association between level
of kidney function and the subsequent risk for hip fracture among
older women. Similarly, elevated cystatin C concentrations have been
independently associated with risk for hip fracture among women.68

Estrogen has an important role in preserving bone mass and signals
cells in the bones to stop breaking down. Epidemiological and clinical
data have consistently shown that hormone replacement therapy
results in a cessation of bone loss and an improvement in bone
density with a subsequent reduction in risk of osteoporotic fracture.71

Felson et al.72 found that significantly higher BMD were demonstrated
only in women who had taken estrogen replacement therapy for at
least 7–9 years compared with those who had not taken estrogen. Such
long-term studies would be very difficult to conduct in the ESRD
population, which had such a high mortality rate. A review group on
osteoporosis in CKD concluded that the use of osteoporosis therapies
in patients with CKD is highly controversial, given the unknown
effectiveness of these therapies on BMD and risk of fractures.65 Miller
et al.73 demonstrated that risedronate led to similar increases in BMD
and reductions in fractures irrespective of baseline kidney function.
Jamal et al.74 also reported that use of alendronate was associated with
a reduced risk for clinical fractures irrespective of baseline kidney
function. Alendronate use was also associated with a significant
increase in total hip BMD compared with placebo. This effect was
more pronounced in those with a CrClo45ml per min (Po0.04 for
interaction between CrCl and treatment assignment). Adverse events
were similar irrespective of baseline kidney function. Miller et al.75

recently evaluated the effectiveness of teriparatide (recombinant
human PTH (1–34))76 among postmenopausal women with osteo-
porosis by the level of kidney function. They demonstrated that
teriparatide increased BMD at the lumbar spine and femoral neck to
similar degrees irrespective of baseline kidney function. Also, the
reductions in risk for vertebral and nonvertebral fractures showed
no differences by level of baseline kidney function; (1) however,
teriparatide was associated with an increased risk for elevated uric
acid in those with moderately impaired kidney function (CrCl
30–49ml per min); and (2) women with a creatinine level42mgdl�1

were excluded from the study.
Raloxifene is a benzothiophene derivative that binds to ERs to act as

a selective ER modulator77 and decreases oxidative stress. In the post
hoc analysis of data from the Multiple Outcomes of Raloxifene
Evaluation study, a randomized trial of the efficacy and safety of
raloxifene treatment in postmenopausal women with osteoporosis,
Ishani et al.78 found that among postmenopausal women with
osteoporosis and mild-to-moderate CKD (to stage 3), raloxifene
therapy increased BMD at both the hip and the spine with a greater
effect on hip BMD in those with mild-to-moderate CKD as defined by
CrCl, reduces risk for vertebral fractures, but had no effect on risk for
nonvertebral fractures. Several studies have indicated that individuals
with end-stage kidney disease have a higher prevalence of osteoporosis
as well as an increased risk of fractures69,79,80 but bone disease is
heterogenous and highly prevalent among those with CKD, stage 5
(CKD-5) patients. Although much is known regarding the risk factors
and outcomes associated with renal osteodystrophy, less is known
about osteoporosis in CKD-5. Factors that predict bone loss in the
CKD-5 population are similar to those in the general population and
include female gender, Caucasian race, older age, chronic disease and
immobility. In addition, some studies suggest that chronic acidosis
and renal osteodystrophy may also increase the risk for bone
loss.16,81,82 Little is known about associated adverse outcomes or the
impact of therapeutic interventions for osteoporosis. Although it is
known that the risk for hip fracture is high among CKD-5 patients
and that fracture is associated with an increased risk for death, the role
that bone loss has is largely unknown. Current recommendations
suggest that risk-factor modification is the most appropriate treatment
goal for CKD-5-associated osteoporosis.83

Clinical data on the effects of estrogen therapy on BMD are
extremely limited in the ESRD population. In a preliminary study
from Poland, 13 postmenopausal women with low estradiol levels
(o30pgml�1) were administered transdermal estradiol with the
cyclic addition of noretisterone acetate for 12 months.84 Compared
with baseline measurements, BMD increased significantly, but only in
L2–L4. Whether this increase in BMD will decrease the long-term risk
of fracture will be difficult to evaluate owing to the presence of renal
osteodystrophy in the ESRD population. Although data on raloxifene
use during chronic hemodialysis in postmenopausal women is scarce,
one study found increased bone density and reduction in frequency of
bone fractures along with increased serum LDL levels.85 Raloxifene
was also associated with improvement in some serum lipid profile
markers. Similar to these findings, Ozbasar et al.86 recently reported
that oral raloxifne administration for 3 months lowered serum
malodialdehyde and NO levels as an index of oxidative stress in
postmenoupausal women with ESRD under chronic hemodialysis
therapy. Also, raloxifene was associated with improvement in serum
high-density lipoprotein and triglyceride levels. This finding might
have important implications, as serum lipid abnormalities in patients
with ESRD have a causal relationship with CVD undergoing hemo-
dialysis treatment.87
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FUTURE PERSPECTIVES

CVD is the most common cause of death in postmenopausal women
with CKD and many contributing factors have been explored. Among
these factors, vascular calcification is recognized as a significant
contributor to cardiovascular risk in CKD patients.88 Recently, the
processes of vascular calcification and bone loss in CKD patients have
been considered to be driven by common mechanisms of damage,
vesicle release and loss of mineralization, regulating proteins both
locally and systemically.89 If this is the case, future research for the
prevention of CVD in postmenopausal women with CKD would focus
on the biology of vascular calcification as well as bone loss.
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