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Worldwide the number of patients requiring chronic hemodialysis (HD) is rapidly
growing. Hemodialysis greatly reduces quality of life and it is associated with
extremely high mortality rates. The present study was planned to study the impact
of age and gender on cardiovascular death markers in a sample of Egyptian
patients, maintained on hemodialysis. In an observational cohort study we
investigated 70 non-diabetic patients on maintenance hemodialysis (MHD). All
patients were non-diabetics without viral hepatitis, with mean age of 57+7.3.
Patients were divided into subgroups according to gender, age (age was
dichotomized as < or > 60 years), and survival. Fifteen matching controls were
included for reference values. All subjects underwent blood analysis before the
commencement of hemodialysis, and echocardiography during follow-up.
Patients were followed for 4 years, and cardiovascular mortality rate was
recorded. A total of 45 patients died (64.3%), all of them suffered from
cardiovascular complications. The first echocardiographic examination and rate
of mortality did not differ among the subgroups. Although the overall relative risk
of cardiovascular mortality was equivalent between men and women, age had a
significant interaction with gender on the overall biochemical markers. Compared
with patients who survived, women who died and were younger than 60 years old
had lower albumin and higher globulin serum levels. However, deceased women
older than 60 years, had lower urea and high-sensitive C-reactive protein (Hs
CRP), together with higher LDL, LDL/HDL ratio, and bone-specific alkaline
phosphatase (B-ALP) activity. These differences were not recorded in male
patients. In patients maintained on hemodialysis, both sexes face increased risk of
cardiovascular complications. However, gender and age together play significant
role in determining biochemical predictors for cardiovascular mortality.

Introduction

The high incidence of cardiovascular morbidity and
mortality in ESRD warrants an accurate evaluation of

The prevalence of chronic kidney disease (CKD), is still
growing worldwide, conferring a higher risk of coronary
artery disease, chronic heart failure and/or death U The
elevated risk of cardiovascular morbidity and mortality
in this population is well established and often precedes
progression to end-stage renal disease (ESRD) and
dialysis. Historically,  the  cardiovascular  death
associated with CKD had been attributed to the
complications of atherosclerotic disease. A substantial
proportion of cardiac deaths, however, is not directly
linked to myocardial infarction, stroke, or heart failure
suggesting the presence of other 2EJrocesses contributing
to cardiovascular (CV) mortality .
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risk aimed at reducing the burden of disease and its
consequences. In ESRD patients, numerous markers
similar to those used in the general population and others
more specific to the uremic population have emerged
(anemia, oxidative stress, inflammation, and bone
mineral disorders) 21 However, recent studies revealed
that traditional risk factors for atherosclerosis do not
account for the majority of risk of CV events associated
with ESRD . Moreover, revascularization or aggressive
treatment of CV risk factors have had little, or at best
modest, success in preventing adverse cardiac events
particularly among dialysis patients, suggesting that
pathogenic mechanisms other than obstructive coronary
artery disease may contribute to excess CV
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complications in those with CKD '/,

End-stage renal disease occurs when chronic renal
failure progresses to the point that the Kidneys are
permanently functioning at less than 10 % of their
capacity, i.e., the glomerular filtration rate (GFR) is
permanently lower than 15 ml/min/1.73 m® Electrolyte
alterations and extra-renal disorders are quite frequent in
patients subjected to hemodialysis (HD) . The clinical
constellation of signs and symptoms of ESRD is known
as uremic syndrome. Patients with ESRD are
susceptible to all complications of any underlying
condition such as diabetes and hypertension as well as
other metabolic and physiologic derangements 1.

Given the potential interplay between Kkidney function,
biochemical disturbances and cardiovascular morbidity
and mortality, this investigation examined whether pre-
dialysis measures of some simple biochemical markers
were predictive for development of cardiovascular
mortality in non-diabetic Egyptians patients.

Subjects and methods

A total of 70 non-diabetic patients; of both sexes,
subjected to maintenance hemodialysis (MHD) (age =
58 + 7 years) were chosen for this study. They were
chosen from Theodor Bilharz Research Institute
Hospital. Patients underwent hemodialysis sessions
three times a week, with mean duration of 59 = 1.8
years. Patients with diabetes and viral hepatitis were
excluded. During dialysis all patients were treated
according the protocol of the institute, and were
observed for cardiovascular complications (CC)
including mortality for 4 years. The control group
consisted of 15 age matching healthy subjects, and their
data were used for reference range only. Biochemical
analyses were done once after 12 hours fasting before
subjecting the patients to dialysis (baseline). Clinical
examinations were carried out after the first session of
dialysis and then periodically every 6 months
throughout the follow-up period, complications were
recorded after each examination.

All subjects enrolled in this study were informed about
its purpose and methodology and signed a consent form.
The study was approved by the Bioethics Committee of
Theodor Bilharz Research Institute Hospital. Cardiac
echocardiography was performed to all cases by
Standard transthoracic M. mode, two dimensional,
continuous and pulsed wave Doppler echocardiograms,
using 2.5 MHz transducer. Carotid duplex was
performed to assess heart condition and function, the
presence of left ventricular hypertrophy, together with
systolic and diastolic function disturbances. Both cardiac
echocardiography and carotid duplex were carried out
by Aloka prosound SSD-3500 SV: Hitachi Aloka
medical (Japan). These data were further analyzed to
study their connection with mortality during the follow-
up period (4 years). The first cardiac indices measured
are given in Table 1.

Biochemical analyses were carried out once on Clinilab
20 at the beginning before starting hemodialysis, using

commercial kits purchased from Clinilab (U.S.A), unless
otherwise mentioned. They included; renal function
markers; creatinine  (Kinetic colorimetric method,
according to Jaffe ), and urea gmodified urease —
Berthlot colorimetric method) ™, fasting glucose
(enzymatic colorimetric method) . Calcium and
phosphorous were determined by colorimetric endpoint
method © and [ respectively. The liver function
markers included; aspartate aminotransaminase (AST)
and alanine aminotransaminase (ALT) (according to
Reitman & Frankel ™), gamma glutamyl transferase
(GGT) (quantitative kinetic method of Szasz %), total
bilirubin '**1, total protein (by Biuret reaction) **!, and
albumin (by bromocresol green) M7 while globulin
was calculated (Globulin conc. (g/L) = Total Protein —
Albumin). The bone enzymes included total alkaline
phosphatase (ALP) determined by (IFCC ), and serum
bone-alkaline phosphatase (B-ALP) (using the Beckman
coulter access 2: (Beckman Coulter, Inc. U.S.A) 1,
Intact parathyroid hormone (iPTH) was determined by
solid-phase, two-side chemiluminescent enzyme-labeled
immunometric assay * %Y. The inflammation markers C
- reactive protein (CRP) and high-sensitive CRP (Hs
CRP) were determined by turbidometric immunoassay
methods 122 2" 23 respectively] ysing Siemens kits, and were
carried out on Immulite 1000 Siemens (Germany).
Enzymatic colorimetric methods were used for total

cholesterol ®**! and triglycerides (TG) ?**1. HDL-
cholesterol was determined as cholesterol after
precipitation of LDL and VLDL 2 ysing

Spectrometer 5010: Robert Riele GmbH & Co KG
(Germany). LDL-cholesterol was calculated (LDL-
cholesterol = total cholesterol - HDL-cholesterol - TG/5).
Detection of hepatitis viruses was done by enzyme
immunoassay for the detection of antibodies against
Human Hepatitis Virus Type C (HCV) ¥ and Hepatitis
B surface antigen (HBs-Ag) B! carried out on Fully
Automated Elisa TC 92 microplate: Teco diagnostics
(U.S.A). Hemoglobin ¥, and hematocrit (HCT) ¥ were
determined by kits from Bechman coulter Int., carried
out on Bechman coulter AcT diff (U.S.A).

Statistical analysis:

All data were analyzed for normality of distribution and
equality of standard deviations before analysis.
Continuous data are presented as the mean + SE.
Categorical data are presented as number and
percentages. Statistical differences between continuous
variables were determined using Mann-Whitney test;
since the data were heterogeneously distributed, or Chi-
squared test for categorical variables. Descriptive
analyses were also used to summarize baseline
characteristics of the study participants according to their
final event status (i.e., alive vs. dead), followed by
correlation analysis. Receiver operating characteristic
(ROC) curves were done to compare the diagnostic
performance of two or more of the tests, and calculate
their cutoff values. A P value <0.05 was considered
statistically significant. Analyses were carried out using
the SPSS 21.0 statistical package (SPSS, Chicago, IL).
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Table 1: Demographic and Echocardiographic examinations of controls and patients; those who survived and those
who died (Mann-Whitney Test).

Groups Survival
Control Patients 5 Alive Dead 5
Mean = SE | Mean + SE Mean = SE | Mean * SE
Number 15 70 25 45
Gender Males/Females 11/4 51/19 NS 18/7 33/12 NS
Age (Y) 51.742.6 57+0.87 NS 56.7+1.5 57.2+1.1 NS
Males<60 8(53.3%) | 29 (41.4%) NS 11(44%) 18(40%) NS
Males>60 3 (20%) 22 (31.4%) NS 7(28%) 15(33%) NS
Females<60 4(26.7%) | 10 (14.3%) NS 3(12%) 7(15.6%) NS
Femaless>60 0 (0%) 9 (12.9%) NS 4(16%) 5(11%) NS
Duration of dialysis (years) 5.91£0.21 NS 5.7£0.4 5.9+2.4 NS
Systolic BP. mmHg 118+1.9 129.1+2.3 0.010 124.4+42 131.7+2.7 NS
Diastolic BP. mmHg 79+1.2 80.1+1.4 NS 76.8+2.6 82.0+1.6 NS
Posterior wall dimension Mm 8.9+0.3 37.6£1.1 0.001 1.11+0.04 1.10+0.03 NS
Interventricular septalend | g 5,4 632412 | 0001 | 36.7+L5 | 38115 | NS
diastolic dimension Mm
Ejection fraction % 70.6x1.7 11.5+0.28 0.001 63.4+2.2 63.1+1.5 NS
Fractional shortening % 40.6x£1.4 11.6+0.23 0.001 11.0+0.4 11.7+0.36 NS
End-systolic dimension Mm 30.4+1.4 28.940.61 NS 11.5+0.4 11.6+0.28 NS
End-diastolic dimension Mm 51.1+2.1 37.94+0.76 0.001 29.4+1.1 28.6+0.73 NS
Left atrial dimension Mm 35.1+0.74 49.6+1.0 0.001 37.6+1.2 38.1+0.97 NS
Aorta Mm 28.9+0.74 33.4+-.64 0.001 48.8+1.9 50.0+1.2 NS
Intima-media thickness Mm 0.69+0.03 1.1+0.2 0.001 33.6+0.9 33.4+0.9 NS

Results:

Characteristics of studied groups

The average age (meantSE) of patients group was
57+0.87 years and for controls 51.7 +2.6. The ratio of
Men: Women (11:4 control; 51:19 patients) did not
differ among both groups, where men represented nearly
73%. Distribution of age among the subgroups showed
no significant differences, also between patients who
were alive and those who died within 4 years (Table 1).

Analysis of echocardiographic indices

Before the second session of dialysis echocardiographic
examinations were carried out to all subjects. Results
revealed that patients in comparison with the control
group had significantly higher interventricular septal end
diastolic dimension, and much smaller diastolic
dimensions of the left ventricle. These patients also had
a significantly greater left atrial dimension.

Chronic kidney disease patients were also more likely to
have aortic valve calcification and their ejection fraction
was significantly lower than in the control group.
Although their systolic blood pressure was higher than
controls, still it was within normal values. These

observations confirm the adverse effect of renal disease
on the cardiovascular system 4. However, these
abnormalities were not statistically different in patients
who died within 4 years from those who remained alive
(Table 1).

Analysis of the biochemical parameters

Control values were used for reference ranges only. The
differences in the biochemical markers between patients
and controls are given in Table 2. Statistically significant
decrease in hemoglobin, hematocrit, total cholesterol,
triglycerides, HDL, LDL, ALT, AST, GGT, and calcium
were observed in patients compared to controls. On the
other hand, patients had higher creatinine, urea, CRP, Hs
CRP, ALP, B-ALP, phosphorous, and Ca x P levels.
However, these abnormalities were not statistically
different in patients who died within 4 years from those
who remained alive (Table 2).

Cardiovascular complications and mortality rate
Mortality data are represented in Table 3. A total of 45
patients (64.3%) died from cardiovascular complications
during the 4 years of follow-up. This rate did not differ
by age or gender.
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Control Patients P Survived Died P
Hemoglobin g/dL 12.8+0.26 9.0+0.22 0.001 9+0.39 9+0.27 NS
Hematocrit % 38.740.77 27.1+0.67 0.001 27.0£1.2 27.1+0.81 NS
Creatinine mg/dL 1.19+0.04 8.1+0.23 0.001 8.6+0.42 7.9+0.67 NS
Urea mg/dL 29.5+1.1 131.5+3.7 0.001 13246.3 131.2+4.7 NS
Blood glucose mg/dL 91.742.7 97.1+2.5 NS 96.0+2.2 97.7+3.8 NS
T. Cholesterol mg/dL 188.8+3.0 147.6+5.2 0.001 | 151.748.5 145.446.6 NS
Triglycerides mg/dL 151.2+#3.1 119.1+14.8 0.002 | 143.8+34.7 | 105.4+12.6 NS
HDL-C mg/dL 53.9+35 37.6+0.52 0.001 | 37.9+0.88 37.4+0.66 NS
LDL-C mg/dL 104.6+5.9 87+4.6 0.05 84.9+7.8 82.245.7 NS
Cholesterol/HDL 3.7+£0.24 3.9+0.11 NS 3.98+0.18 3.85+0.13 NS
TG/HDL 2.95+0.18 3.2404 NS 3.8+0.86 2.8+0.37 NS
LDL/HDL 2.12+0.21 2.3+0.1 NS 3.2+2.7 0.5+0.03 NS
CRP mg/L 0.57+0.02 0.98+0.1 0.001 1.1+0.19 0.9340.12 NS
Hs CRP mg/L 0.19+0.02 1.07+0.16 0.001 1.2+0.32 0.98+0.18 NS
ALT U/L 24.8+1.1 15.7+0.71 0.001 15.8+1.0 15.6+0.95 NS
AST U/L 23.7+1.2 17.1+£1.0 0.001 16.8+1.6 17.3+1.3 NS
GGT U/L 20.740.9 17.4+0.6 0.010 17.5+£0.9 17.4+0.8 NS
T. Bilirubin mg/dL 0.72+0.04 0.68+0.01 NS 0.68+0.02 0.68+0.01 NS
T. Protein g/dL 7.0+0.08 6.9+0.03 NS 6.99+0.04 6.9+0.04 NS
Albumin g/L 4.03+0.12 3.9740.04 NS 4.1+0.06 3.9+0.06 NS
Globulin g/dL 2.95+0.05 2.97+0.02 NS 2.9+0.03 3.0£0.03 NS
iPTH pg/mL 32.1+2.6 43.8+4.5 NS 47.6+7.5 41.845.8 NS
B-ALP pg/L 8.8+0.73 437.8+51.3 0.001 | 470.4+97.9 | 419.7459.2 NS
ALP U/L 68.7+3.8 250.7+£26.1 0.001 | 277.7454.7 | 235.7+27.1 NS
Phosphorous mg/dL 3.3+0.24 8.8+0.2 0.001 | 8.85+0.36 8.87+0.25 NS
Calcium mg/dL 9.7+0.18 5.4+0.24 0.001 5.1+0.4 5.5+0.3 NS
CaxP 31.5+1.9 46.5+2.1 0.001 44.743.5 47.4+2.7 NS

Table 3: Mortality rate among patients according to Gender/Age.
Males<60 Males>=60 | Females<60 | Females>=60 Total 1
Survived | 11 (37.9%) 7 (31.8%) 3 (30%) 4 (44%) 25(35.7%) NS
Died 18 (62.1%) 15 (68.2%) 7 (70%) 5 (55.6%) 45(64.3%)

*=Number (% within subgroup)
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Analysis of biochemical parameters as predictors of
cardiovascular mortality

We did not find any significant differences in the studied
parameters between patients who survived 4 years
during the follow-up, and those who died. Similar
observation was found when patients were categorized
into men and women (Table 2).

Conversely, after subdividing the patients according to
gender and age (< 60, or > 60 years), deceased women
had significant differences in their markers compared to
those who survived (Figure 1). Deceased women
younger than 60 years had lower albumin (3.9+0.23 vs.
4.4 £ 0.22 g/dL, p<0.04), and higher globulin than those
who survived (3.2 £ 0.08 vs. 2.7 + 0.12 g/dL, p<0.023)
(Figure 1). On the other hand, deceased women older
than 60 years, had lower urea (114 + 2.4 vs. 135.8 + 7.4
g/dL, p<0.03) and Hs CRP (0.6 + 0.23 vs. 2.9 + 15
mg/dL, p<0.05) levels. In addition, they had higher
levels of LDL (81.7 + 7.3 vs. 45.2 + 155 mg/dL,
p<0.05), LDL/HDL (0.4540.03 vs. 17.5 + 16.9, p<0.03),
and B-ALP activity (349.7 £110vs. 76.7 £ 20.5 pg/L,

p<0.05), (Figure 1). No significant differences were
found among men patients.

Calculation of the cutoff values and their diagnostic
probability

ROC curves for survival were done for women at both
age categories. The cut-off values, and their sensitivity,
specificity, Chi-square (x%), and likelihood ratio (LR) are
shown in Table 4. Although the sensitivity (results for
deceased), and specificity (results for survived) were
high, the significance (x%), and LR are not very high, due
to the small number of patients in these groups.

Discussion

Biochemical and physiological abnormalities in chronic
kidney disease are associated with the attempts of the
human body to maintain homeostasis despite progressive
loss of nephrons and impaired kidney function. Multiple
adaptive and maladaptive processes occurring at that time
affect mainly the cardiovascular, neurological,
hematological, musculoskeletal, and immunological
systems [+ %],
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Fig. 1: Significant changes among women according to survival and age.
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Table 4: Cross-tabulation for significance of cutoff values (from ROC curves) for women.

Survival
Marker Marker cutoff Survived Died r LR
Women < 60 years
Albumin<4.05 0 (0%)* 7 (100%)
Albumin g/dL 0.002 12.2
Albumin>4.05 3(100%) 0 (0%)
Globulin<2.95 3(100%) 1(14.3%)
Globulin g/dL 0.01 7.7
Globulin>2.95 0 (0%) 6(85.5%)
Women > 60 years
Urea<127 1(25%) 5(100%)
Urea mg/dL 0.018 7
Urea>=127 3(75%) 0(0%)
LDL<71.5 4 (100%) 1(20%)
LDL mg/dL 0.016 7.4
LDL>=71.5 0(0%) 4(80%)
LDL/HDL<1.695 3(75%) 0(0%)
LDL/HDL 0.018 7
LDL/HDL>=1.695 1(25%) 5(100%)
HS CRP<0.71 0(0%) 4(80%)
HS CRP mg/dL 0.016 7.4
HS CRP>=0.71 4 (100%) 1(20%)
B-ALP<123.9 4 (100%) 1(20%)
B-ALP pg/L 0.016 7.4
B-ALP>=123.9 0(0%) 4(80%)

*=Number (% within subgroup = specificity (+ve survived) and sensitivity (+ve died)

IHD?: Ischemic heart disease
CC": Cardiovascular complications.
LR®: Likelihood ratio

The present study explored the possible markers for
cardiovascular mortality in patients maintained on
hemodialysis, based on simple available clinical and
laboratory tests.

Markers related to ESRD

Progressive left ventricular enlargement seems to be the
most characteristic morphological pattern of patients
who underwent hemodialysis, and is one of the key
prognostic factors for cardiovascular mortality rates in
ESRD patients B%. In the present study, systolic and
diastolic dimensions of the left ventricle as well as left
ventricular mass differed significantly between ESRD
patients and controls. Numerous studies have
demonstrated that diastolic dysfunction, which is
common in CKD, accounts for 40%-66% of
cardiovascular complications 31 Low ejection
fraction and frequent mitral and tricuspid regurgitation
observed in CKD patients in the present work is
consistent with the results of other studies. It has been
observed that the calcification process is common and
more severe in the CKD population compared with
healthy people B4.

The results of biochemical parameters revealed
significant reduction in hemoglobin, hematocrit, lipid

profile (cholesterol, triglycerides, LDL, and HDL), and
liver enzymes (AST, ALT, GGT), together with calcium.
Increased levels of creatinine, urea, inflammation
markers (CRP, Hs-CRP), and bone turnover parameters
(ALP, bone-ALP, phosphorous, and calcium X
phosphorous) were observed in patients with ESRD as
compared with the reference ranges. These results are
consistent with previous recent reports 34383401 gnq are
related to kidney damage.

Decreased levels of hemoglobin and hematocrit are not
surprising since CKD patients frequently suffer from
anemia [**2 |n these patients, anemia relates to three
main factors: insufficient production of erythropoietin;
impaired management of iron; and decreased lifespan of
red blood cells (RBCs) [**!.

Systemic inflammation plays a major role in the
development of atherosclerosis leading to coronary heart
disease. C-reactive proteins (CRP& Hs CRP) are acute
phase reactants, and are established markers of systemic
inflammation in the general population and patients with
CKD B34 significant elevated concentrations of urea
and creatinine in patients with ESRD are not astonishing,

[sir}ce these are well-known markers of kidney damage
34
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It is believed that lipid abnormalities are a common
phenomenon in patients with kKidney disease. In the early
stages of kidney disease, lipid profile may remain in the
normal range, but with the progression of CKD
hypertriglyceridemia, increased concentrations of total
cholesterol, LDL and decreased HDL cholesterol appear
U441 However, in the present study significant
decreased  concentrations of total cholesterol,
triglycerides, HDL, and LDL cholesterol in ESRD
patients compared to healthy volunteers were observed.
This could be due to hypervolemia “*. Additionally,
high-density lipoprotein (HDL) cholesterol was reported
to be subnormal in the majority of patients, which is
consistent with the results of Gluba-Brzézka et al. *4.
Uremia causes qualitative changes in the composition of
LDL, increases the number of small-dense LDL particles
and facilitates their oxidation and glycation. LDL
cholesterol in CKD may be normal or decreased .
Since the 1970s, studies, including the present one, have
shown that AST and ALT serum levels were decreased
in ESRD patients. It was hypothesized that this
reduction could be caused by factors such as high lactate
serum levels; presence of uremic factors that would
inhibit the activity of these enzymes; and, finally, the
deficiency of pyridoxine, a cofactor for the synthesis of
the aminotransferases 17?1,

It seems that pronounced severity of atherosclerosis in
patients with ESRD may also be associated with
disorders of calcium-phosphate metabolism .
Impaired excretion of phosphate leads to its increased
concentration, binding with calcium in tissues and the
accumulation of inorganic phosphate in the arteries. This
cascade increases the risk of heart attack and stroke
149501 High levels of phosphate usually appear when the
GFR falls below 60 ml/min and worsens with the
deterioration ~ of  renal excretory  functions.
Hyperphosphatemia stimulates parathyroid glands to
increased secretion of parathyroid hormone (PTH),
which in turn increases the release of phosphate from the
bone, contributing to further accumulation of phosphate
in serum Y. High levels of inorganic phosphate in
ESRD patients observed in this study are in accordance
with the results of other studies 84,

Markers related to mortality

The pathogenesis of cardiovascular damage in chronic
renal disease is more complex in comparison to other
general population. For monitoring mortality, it is of
great importance from the very beginning of
hemodialysis-treatment to monitor the percentage of the
so called non-traditional risk factors for cardiovascular
disease. For decades, hypertension, diabetes mellitus,
hyperlipidemia, obesity, smoking, and low physical
activity/inactivity are known to affect the occurrence of
cardiovascular diseases and they represent the traditional
risk factors 3. The contribution of traditional risk
factors does not fully explain the high frequency of
cardiovascular mortality in ESRD, and thus scientists
look for new mechanisms involved in its pathogenesis
(recently reviewed by Floege et al. [35]). The incorpor-

ation of simple renal biomarkers in the clinical practice
for CVD prevention could be accomplished quickly, and
}géc])uld be useful to prevent cardiovascular complications

In the present study all deceased patients had
cardiovascular complications. However, we were not
able to detect any specific marker for mortality in total
patients, total men, or total women. However, after
dividing each gender according to age (< or > 60 years),
deceased women showed some differences from the
survivors.

Compared to survivors, deceased women younger than
60 years (70%) showed lower albumin (<4.05 g/dL) and
higher globulin (>2. 95 g/dL) levels. These cut-off values
correspond to 100% specificity for both proteins, with
100% and 80% sensitivity, respectively.

Previous studies stated that serum albumin level
predicts mortality in dialysis patients, and a significant
increase in death risk was evident in patients subjected to
HD with serum albumin level <4.0 g/dL B***%® It was
reported that patients in whom serum albumin declines
by as little as 0.2 g/dl have a higher risk for death,
irrespective of the baseline serum albumin ®®. According
to de Mutsert et al. "), the mortality risks associated with
serum albumin were not a consequence of malnutrition,
but are secondary to the confounding influence of
systemic inflammation, since albumin is a negative acute
phase reactant. In addition, recent cross-sectional studies
suggested that many of ESRD patients with
hypoalbuminemia, are volume overloaded and
hypervolemia may be an additional confounding
influence 2% Alternatively, globulins; including
beta(2)-microglobulin, are recognized as surrogate
markers of middle-molecule uremic toxins, and key
components in the genesis of dialysis-associated
amyloidosis, consequently, they are important predictors
for mortality in patients maintained on HD F°. The
reason for the association between these markers and
mortality rate in only this subgroup of patients is
unknown.

Older women (> 60 years), on the other hand, showed
completely different mortality markers. In this subgroup
5 patients died out of 9 women (56%).The deceased
women had higher LDL, LDL/HDL, and bone ALP, with
cutoff values and specificity of 71.5 (100%), 1.695
(75%), and 123.9 (100%) respectively. The sensitivities
of these markers were 80% for LDL, 100% for
LDL/HDL, and 80% for B-ALP.

LDL and HDL are crucially involved in the pathogenesis
of atherosclerotic cardiovascular diseases. It is well
known that LDL may promote the formation of vascular
atherosclerotic lesions. In contrast, HDL has commonly
been thought to act as a vasoprotective agent mainly by
preventing endothelial dg/sfunction that reflects the initial
step of atherosclerosis P%. However, there is a growing
body of evidence indicating that HDL may lose its
vasoprotective properties in certain clinical conditions
(diabetes and cardiovascular diseases) 59 1n line with
these findings, Zewinger and co-workers % showed that
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even in patients with incipient CKD, HDL is
transformed into a noxious particle inducing endothelial
dysfunction and arterial hypertension. Interestingly, a
study by Voight et al. ! failed to demonstrate a
beneficial effect of genetically elevated HDL cholesterol
(HDL-C) serum levels on the rate of cardiovascular
events. Moreover, increasing HDL-C serum levels using
pharmacologic inhibitors of the cholesterol-ester transfer
gg?tein did not reduce the rate of cardiovascular events

In agreement with the present results, growing recent
data is available linking high ALP to the development of
uremic vascular calcification. Beige et al. [ found that
serum ALP, which is correlated to B-ALP, is associated
with coronary artery calcification, cardiovascular-related
mortality and all-cause mortality in patients with ESRD
and maintained on HD, whereas patients with lower B-
ALP had better survival rate.

Deceased women (above 60 years) also had low urea
and Hs-CRP levels. However, both values were higher
than the normal range. The decreased levels of these
markers could be due to hypervolemia, and/or due to the
use of anti-inflammatory drugs (aspirin), which
significantly contributes to the reduction of CRP *2.
Conclusion

In patients maintained on hemodialysis both sexes face
increased risk of cardiovascular complications.
However, gender and age together play a significant role
in determining biochemical predictors for cardiovascular
mortality. Further studies with different simple
biochemical parameters are required with larger number
of patients, covering different age groups.
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