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Introduction. Carotid intima-media thickness (CIMT) could be used
as a surrogate marker of atherosclerosis in hemodialysis patients.
Since different mechanisms are involved in the atheroma formation
and arterial wall thickness, we assessed the relationship between
the maximum and the mean CIMT with different cardiovascular
risk factors in dialysis patients.

Materials and Methods. The mean and the maximum CIMT were
measured using a B-mode ultrasonography in 75 hemodialysis
patients, and the correlation between CIMT and cardiovascular
risk factors were assessed.

Results. The mean and maximum CIMT measurements were
0.5 mm (range, 0.2 mm to 1 mm) and 3.4 mm (1.4 mm to 5.6
mm), respectively. Among all the studied variables, age (P = .04,
r =0.238), HS-CRP (P = .01, r = 0.284), mean arterial blood pressure
(P =.003, r =0.343), and DM (P = .02) had significant correlations
with the mean CIMT, while only age (P = .02, r = 0.473) and serum
creatinine levels (P = .02, r = -0.493) were significantly associated
with the maximum CIMT. A positive nonsignificant correlation was
observed between the mean and maximum CIMT values (P = .08,
R? linear = 0.214).

Conclusions. These findings suggest that in dialysis patients, effects
of cardiovascular risk factors on the mean and maximum CIMT
might be different. Further studies are recommended to evaluate
the prediction impact of each risk factor in end-stage renal disease
patients compared with otherwise healthy individuals.
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Cardiovascular disease is the principal cause of
morbidity and mortality in hemodialysis patients.
At any age, patients receiving dialysis, experience
an excess of cardiovascular deaths, with 50% of all
deaths resulting from cardiovascular events.! In
these patients, the pathogenesis of cardiovascular
damage is complex and could be attributed to
traditional risk factors such as hypertension,

hyperlipidemia, smoking, aging, and left ventricular
hypertrophy,' as well as nontraditional risk factors,
including uremia, anemia, hyperparathyroidism,
hyperhomocyteinemia, increased oxidative stress,
and a high state of inflammation.'?

It is assumed that in patients with end-stage
renal disease (ESRD), 2 subtypes of arterial vascular
disease, atherosclerosis and arteriosclerosis, are
involved. Atherosclerosis is a chronic disease that
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involves the intima-media layer of the arterial wall
and characterized by the presence of plaques and
occlusive lesions. In hemodialysis patients, the
atherosclerotic lesions are frequently calcified and
have increased media thickness compared with
lesions in the general population.*® An accelerated
atherosclerosis has been documented in hemodialysis
patients. In fact, compared with age- and gender-
matched nondialysis individuals, hemodialysis
patients present with accelerated atherosclerosis
with clinical manifestations such as coronary artery
disease, stroke, and peripheral vascular disease.?®
On the other hand, the arteriosclerosis process has
also a high prevalence in ESRD patients and could
be due to either flow or pressure overload.

It is assumed that the atherosclerotic changes
in the carotid artery are the mirror reflection of
pathologic events of generalized atherosclerosis.*®
Ultrasonographic measurements of the carotid
intima-media thickness (CIMT) and plaque
occurrence in the carotid arteries were widely used
as surrogate indicators for determining the early
atherosclerotic changes, the anatomic extent of
atherosclerosis, and its progression in the general
population, as well as in patients with ESRD.*>
There are 2 major methods for carotid artery
ultrasonography; one that includes the plaque and
the other that excludes the plaque.®® The including
plaque method measures the maximum CIMT of
the carotid artery and is considered as an index of
arterial wall thickness and atheroma formation,”®
while in the excluding plaque method, the mean
CIMT without plaque is considered as an index
of arterial wall thickness.

Atherosclerosis is a complex process which
has correlation with established coronary risk
factors in the general population. However, it is
thought that different mechanisms involved in the
atheroma formation and arterial wall thickness in
hemodialysis patients.”” We aimed to investigate
the relationship between the maximum and the
mean CIMT values with different cardiovascular
risk factors in dialysis patients.

Patients who had been on maintenance
hemodialysis for at least 3 months in the
hemodialysis center of Imam Hossein Hospital were
enrolled in this study, if they were aged between
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22 and 85 years. By excluding the patients with
parathyroidectomy, recent infection, and hospital
admission, a total of 75 hemodialysis patients were
enrolled in this study. All of the patients were on
hemodialysis (Fresenius 4008-B, Fresenius Medical
Care, Homburg, Germany), 3 times per week, with
polysulfone membranes and bicarbonate-based
dialysis solution, each session lasting about 4 hours.
The protocol of this research study was approved by
the ethics committee of Shahid Beheshti University
of Medical Sciences, and the participants signed
informed consent at the time of recruitment.

Patient’s data including age, gender, cause
of ESRD, history of diabetes mellitus (DM),
hypertension, and smoking; duration of chronic
kidney disease; and duration of hemodialysis period
were collected. All the participants underwent
physical examination and anthropometric
evaluations at the time of recruitment. The CIMT
was measured in all of the participants and the
values were expressed as mean CIMT. In patients
in whom an atheroma plaque was detected, the
maximum CIMT was reported, and they were
placed in the maximum CIMT group (n = 22).

Blood pressure was measured using a standard
calibrated mercury sphygmomanometer on the
right hand after the participants had been sitting
for at least 5 minutes. Venous blood samples were
collected in the morning after an overnight fasting
before starting the dialysis. The blood samples
were centrifuged and then serum was collected
for measuring the biomedical parameters of
calcium, phosphorus, intact parathyroid hormone,
hemoglobin, albumin, uric acid, homocysteine,
high-sensitivity C-reactive protein (HS-CRP), total
cholesterol, low-density lipoprotein cholesterol
(LDLC), high-density lipoprotein cholesterol
(HDLC), triglyceride, and 25-hydroxyvitamin D
levels.

Patients were classified as hypertensive when
the average blood pressure in 3 readings before
dialysis sessions was 140/90 mm Hg and greater
or when the patient was taking antihypertensive
drugs. The participants were considered to have
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dyslipidemia when the serum total cholesterol
level was 200 mg/dL and greater; HDLC was
less than 40 mg/dL, or triglyceride was 150 mg/
dL and greater. Patients who were taking lipid-
lowering medications were categorized in this
group. Patients were classified as hyperuricemic
when serum uric acid level was greater than 6
mg/dL in women and greater than 7.5 mg/dL
in men or when they were receiving allopurinol.
Smoking status was ascertained on the basis of the
self-reported history of cigarette smoking.

Ultrasonographic analysis of the carotid artery
was performed with a high-resolution ultrasound
scanner, equipped with a linear array 7.5-MHz
transducer (ACUSON 128p /10 machine, Siemens,
Erlangen, Germany). The scan was started from
the proximal part of the common carotid artery
toward the bifurcation, followed by scanning
the internal and then the external carotid artery.
Dynamic sequence images were stored for the
following measurement of CIMT, defined as the
distance between the leading edge of the lumen-
intima interface and the leading edge of the media-
adventitia interface. The scanning procedure was
made first on the right common carotid artery
and then on the left common carotid artery. The
regions of interest were defined as 0.5-cm, 1-cm,
and 2-cm distances from bifurcation. On each region
of interest, the near and far wall thicknesses were
measured. The CIMT was reported for each subject
as the average of measurements. Maximum carotids
IMT were measured if there was atheroma plaque.
All the CIMT measurements were performed by one
trained radiologist and a single ultrasound system.

Continuous variables values were shown as
the mean + standard deviation. The Spearman
correlation, linear regression, and logistic regression
analyses were used for assessment of correlations.
The analyses were performed using the SPSS
software (Statistical Package for the Social Sciences,
version 17.0, SPSS Inc, Chicago, 111, USA). P values
less than .05 were considered significant

Seventy-five hemodialysis patients (47 men and 28
women) were evaluated in this study. Demographic,

clinical, and biochemical characteristics of the
patients are shown in Table 1.

Twenty-two patients had carotid atheroma
plaques. The mean and maximum CIMT
measurements were 0.5 mm (range, 0.2 mm to 1
mm) and 3.4 mm (1.4 mm to 5.6 mm), respectively.
Among all the studied variables, age (P = .04,
r = 0.238), HS-CRP (P = .01, r = 0.284), mean
arterial blood pressure (P =.003, r = 0.343), and
DM (P = .02) had significant correlations with the
mean CIMT, while only age (P = .02, r = 0.473) and
serum creatinine levels (P = .02, r = -0.493) were
significantly associated with the maximum CIMT
(Table 2). A positive nonsignificant correlation was
observed between the mean and maximum CIMT
values (P = .08, R? linear = 0.214).

Table 1. Demographics, Clinical, and Biochemical
Characteristics of Hemodialysis Patients*

Characteristic Value Reference Value
Age, y 57 £ 16
Male gender, % 62.7
Median dialysis time, mo 24
Median CKD duration, mo 48
KTV 1.2+04 21.3
Medical history
Ischemic heart disease 30 (40.0)
Cardiovasculardisease 7(94)
Diabetes mellitus 36 (48.0)
Hypertension 59 (78.7)
Dyslipidemia 69 (92.0)
Hyperurecimia 33 (44.0)
Blood tests
Hemoglobin, g/dL 11.1+16 Female, 12.0t0 15.8

Male, 13.3 to 16.2

Triglyceride, mg/dL 162 + 85 <150
Cholesterol, mg/dL 143 + 32 <200
HDL cholesterol, mg/dL 84 + 26 > 40
LDL cholesterol, mg/dL 29+9 <13
Creatinine, mg/dL 70+22 0.8t0 1.2
Calcium, mg/dL 9+1 8.5t0 10.0
Phosphorus, mg/dL 55+1.6 3.5t055
IPTH, pmol/L 26.4 +36.7 0.8t03.9
Albumin, g/dL 41+0.7 3.5t055
Uric acid, mg/dL 6.0+1.1 Female, 2.5t0 6.0
Male, 3.1t0 7.5
Homocysteine, ymol/L  41.9 £ 29.9 0 to 50
HS-CRP, mg/L 9.4+158 <5
Fibrinogen, mg/dL 286 £ 76 50 to 400
25-hydroxyvitamin D, 78 £43 47.7 10 144.0

nmol/L

*CKD indicates chronic kidney disease; HDLC, high-density
lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol;
IPTH, intact parathyroid hormone; and HS-CRP, high-sensitivity
C-reactive protein.
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Table 2. Correlations Between Mean and Maximum Carotid
Intima-Media Thickness Values and Clinical and Demographic
Parameters*

Mean CIMT Maximum CIMT

Parameter r P r P
Age 0.238 .04 0.473 .03
Duration of CKD 0.047 .69 0.045 .84
Duration of dialysis 0.089 .46 0.301 A7
Hemoglobin 0.039 .74 0.017 .94
Triglyceride 0.054 .65 0.231 .30
Cholesterol 0.143 .23 0.298 18
LDLC 0.104 .38 0.337 13
HDLC 0.009 .94 0.085 71
Calcium 0.052 .67 0.112 .62
Phosphorus 0.029 .81 0.070 .76
Calcium-phosphorus product 0.018 .88 0.170 45
IPTH 0.074 .54 0.048 .83
Albumin -0.128 .28 0.090 .69
Uric acid 0.116 .33 0.085 .71
Homocysteine 0.159 .18 0.138 .54
Fibrinogen 0.142 .24 0.263 .25
HS-CRP 0.284 .02 0.242 .28
KTV 0.048 .70 0.099 .66
Creatinine 0.204 .08 0.493 .02
25-hydroxyvitamin D 0.023 .85 0.296 .18
Mean arterial blood pressure  0.343 .003 0.172 45
Uric acid 0.056 .64 0.037 .87

*The correlation coefficients are calculated using the Spearman
correlation test. CIMT indicates carotid intima-media thickness; CKD,
chronic kidney disease; LDLC, low-density lipoprotein cholesterol;
HDLC, high-density lipoprotein cholesterol; IPTH, intact parathyroid
hormone; and HS-CRP, high-sensitivity C-reactive protein.

Cardiovascular disease is the most common
cause of death in ESRD patients. These patients
are 5 to 30 times more likely to die due to
atherosclertic cardiovascular disease than the
general population.!?7 In these patients, CIMT
measured by ultrasonography, could be used as a
noninvasive marker of carotid artery atherosclerosis
that reflects the atherosclerotic changes through
the whole vascular system.'!®> However, in the
literature, there is controversy regarding the
correlation between different atherosclerotic
cardiovascular risk factors and CIMT in patients
who are undergoing hemodialysis.®!%!?

In this study, we found that age is a variable
that could affect both mean and maximum CIMT
in hemodialysis patients. Although patients
with chronic kidney disease are suffering from a
premature atherosclerotic process, increasing age is
arisk factor that would accelerate the arteriosclerosis
and atherosclerosis process. Our finding in this
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study is in line with several other studies that
reported aging as a recognized risk factor for
development and progression of atherosclerosis.>®
Ossareh and coworkers measured the mean of CIMT
in 72 hemodialysis patients and consistent to our
results, found a significant positive correlation
between CIMT values and age.!*

Hypertension is a major risk factor for
cardiovascular mortality in the general population;
however, it is not clear that whether this risk factor
has the same impact on the cardiovascular disease in
dialysis patients.® We found a significant correlation
between mean arterial blood pressure and mean
CIMT; however, such a relation did not exist
between mean arterial blood pressure and maximum
CIMT. One plausible explanation could be that in
this study, blood pressure readings were recorded
before dialysis session. Considering the great
variability of blood pressure and extreme changes
in volemic state of dialysis patients that could affect
the blood pressure values, it may not be accurate
to just consider blood pressure measurements in
the dialysis center as a representative of blood
pressure value in these patients.’®!> Ambulatory
blood pressure monitor has been considered as a
gold standard for evaluating the blood pressure
status of patients. Unfortunately, in this study we
did not performed the ambulatory blood pressure
monitor which might explain the lack of correlation
between blood pressure and maximum CIMT. There
are indeed some studies which are in line with our
findings,*® including a study by Nakashima and
colleagues, in which no significant relationship
between hypertension and maximum CIMT was
observed.® According to these findings, we could
suggest that in hemodialysis patients, hypertension
plays a major role in arteriosclerosis process rather
than in atherosclerosis.

In this study, DM showed a positive association
with the mean CIMT but not with the maximum
CIMT. Although previous studies have reported
such an association between CIMT and DM, there
are also some contrary findings. For example,
Nakashima colleagues and Brozosko and coworkers
reported no significant relationship between DM
and the mean CIMT.5!2

Lipid abnormalities have been shown to be
very prevalent in hemodialysis patients. We also
found that more than 90% of our study subjects
were suffering from dyslipidemia manifested by
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high levels of cholesterol, triglyceride, or both,
and low levels of HDLC. We could not detect any
significant correlation between dyslipidemia and
the maximum and mean CIMT values. The role
of high serum concentrations of total cholesterol,
LDLC, and triglycerides in the pathogenesis of
atherosclerotic process has been confirmed by
several studies in general population'®; however,
in dialysis patients, the results are controversial.
More recently, it has been proposed that in ESRD
patients, abnormalities in lipoprotein composition
or in LDLC oxidation rather than the elevation
of lipoprotein levels might be a more important
athrogenic factor,’” and an association between
oxidized LDLC and atherosclerosis in ESRD patients
has been reported.’® An enhanced oxidation of
LDLC has been observed in ESRD patients.?!"18
Moreover, Maggi and associates showed the
significant relationship between oxidized LDLC
and accelerated atherosclerosis process in ESRD
patients.'® Accordingly, it would not be surprising
that serum lipid levels, in our dialysis patients,
had no significant correlation with CIMT, since
we did not evaluate the role of oxidized LDLC
in the atherosclerosis process. Similar to our
study, Nakashima and colleagues could not find
a relationship between abnormal lipid profile and
atherosclerosis in dialysis patients.®

The present study showed that the HS-CRP was
associated with the mean CIMT but not with the
maximum CIMT. Some other studies have also
shown this relationship.'?! It seems that the HS-CRP
could be considered as a marker of arteriosclerosis
in hemodialysis patients. Considering the other
risk factors, we could not detect an association
between serum levels of calcium, phosphorus,
parathyroid hormone, and 25-hydroxyvitamin D
and the mean or maximum CIMT.

An association between atherosclerosis,
arterial calcification, and hyperphosphatemia
and hyperparathyroidism has been reported.”??
However, in hemodialysis patients, serum
phosphorus level is varied overtime. In this study,
serum phosphorus was measured once, which might
explain why we could not detect a relationship
between this factor and CIMT. Unfortunately,
we did not assess the arterial calcification, and
as a result, we could not evaluate the association
between this complication and calcium-phosphorus
metabolism, which is considered as one of the

limitations in this study.

Lack of a healthy age- and sex-matched control
group in order to compare the values of the
mean and maximum CIMT between controls and
hemodialysis patients is another limitation of this
study. Further studies with well-matched control
groups could better verify the risk factors in ESRD
patients.

Atherosclerosis process has a complex
pathophysiology and its progression is variable
among hemodialysis patients with different
cardiovascular risk factors.*® The available
cardiovascular disease risk scoring systems could
be applied to the general population.?*?* However,
these scoring systems are not able to predict
cardiovascular events in the dialysis patients. Early
detection of atherosclerosis using noninvasive
methods such as ultrasonography is valuable
for primary prevention of cardiovascular events
in dialysis patients. Our results confirmed that
different risk factors are involved when the mean
CIMT or the maximum CIMT is measured as a
marker of atherosclerosis. A prospective multicenter
study to address the early diagnosis of vascular
disease, evaluation of cardiovascular disease risk
factors and prediction of subclinical atherosclerotic
lesions in ESRD patients in comparison with a
control group is suggested.

None declared.
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