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ABSTRACT

Background. Patients with chronic renal disease are susceptible to accelerated vascular
calcification and cardiovascular morbidity and mortality. Micro RNAs (miRNAs) have
been linked to the pathogenesis of cardiovascular diseases in the general population.
Aim. This study was carried out to evaluate the link between miRNA 192 and vascular
calcification, pre-existing as well as newly occurring major adverse cardiovascular events,
and mortality among hemodialysis patients who are also considered to be potential
kidney transplant recipients.
Methods. We screened 64 potential transplant recipients on hemodialysis at our uni-
versity hospital. Pre-existing overt cardiovascular disease was recorded; new adverse
cardiovascular events and all causes of death over an observational period of 5 years
were prospectively followed. Vascular calcification was measured in the aorta using
computerized tomography scans, and micro RNA 192 was measured.
Results. The final study population included 55 patients followed for 63 months. Micro
RNA 192 was significantly lower in patients who had preexisting cardiovascular disease
(P ¼ .015) as well and in all patients who had experienced any event by the end of the
observational period (P ¼ .012). A multiregression analysis model including micro RNA,
age, dialysis vintage, intradialytic hypotension, vascular calcification, diabetes, systolic
blood pressure, and smoking found the only independently correlating factor to cardio-
vascular events in this model to be micro RNA (b ¼ e0.286, P ¼ .05).
Conclusions. MiRNA 192 levels are significantly lower among patients experiencing
cardiovascular events while on hemodialysis awaiting kidney transplantation.
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MICRO RNAs (miRNAs) are noncoding RNAs that
have the ability to repress gene expression [1]. They

have been linked to different conditions [2e4]. miRNAs are
stable in plasma [5,6], and this makes them useful markers
of disease [7,8] including cardiovascular disease and allo-
graft kidney injury [9].
Patients with chronic kidney disease (CKD) are suscep-

tible to accelerated vascular calcification [10,11] exposing
them to higher morbidity and mortality [10,12,13] although
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the pathogenesis and predictors are still not fully elucidated
[14e17]. Several markers and molecules with possible
pathogenic roles have been reported to be involved in this
including FGFe23 [18,19], fetuin A [20], esRAGE [21],
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Table 1. Characteristics of the Study Population and Subgroups

All Patients Patient With Cardiovascular Events Patient Without Cardiovascular Events P value*

Number 55 17 (30.9%) 38 (69.1%)
Age (years) 37.5 (18e67) 47 (26e67) 35 (18e59) .01
DBP (mm Hg) 90 (60e106.8) 90 (60e100) 90 (60e106.8) .57
SBP (mm Hg) 136.7 (96.7e186.7) 140 (96.7e173.3) 136.7 (100e2) .96
KT/V 1.4 (0.17e2.3) 1.3 (0.2e2.3) 1.5 (0.5e2.2) .24
Calcium (mg/dL) 8.3 (5.8e10.6) 8.9 (7.1e9.6) 8.2 (5.8e10.6) .48
Phosphorus (mg/dL) 4.5 (1.7e9.5) 3.9 (2e7.7) 4.7 (1.7e9.5) .52
PTH pg/mL 323.1 (23.7e14) 288 (28e1369) 367 (23.7e1271) .84
Hemoglobin (g/dL) 9.8 (7.1e1) 10.5 (7.7e13.2) 9.6 (7.1e14) .94
Albumin (mg/dL) 4.2 (3.5e4.9) 4.3 (3.8e4.7) 4.2 (3.5e4.9) .070
Dialysis vintage (months) 6 (9e288) 60 (9e288) 60 (12e192) .5
BMI 23.5 (13.2e40.47) 25.5 (19.5e40.4) 23.1 (13.2e33.4) .09
Uric acid (mg/dL) 7.2 (3e10.3) 7.1 (3.4e8.6) 7.2 (3e10.3) .49
Cholesterol (mg/dL) 149.8 (74e226.6) 151 (74e226.6) 147.5 (96e218.5) .98
Triglyceride (mg/dL) 138.6 (52.6e8) 130 (52.6e398) 139 (72e815) .21
Alkaline phosphatase (IU/L) 204 (204.5e1753) 203 (77e668) 206 (43e1753 .86
Vascular calcification (n, % þve) 23 (41.8%) 10 (58.8%) 13 (34.2%) .09
Parathyroidectomy (n, %) 1 (1.8%) 1 (5.88%) none .31
Calcium carbonate (n, %) 54 (98.2%) 16 (94.1%) 38 (100%) .31
Alfacalcidol (n, %) 47 (85.5%) 14 (82.4%) 33 (86.8%) .69
Erythropoietin (n, %) 24 (43.6%) 6 (35.3) 18 (47.4%) .56
Original kidney disease (n)

Hypertension 24 8 16
Glomerulonephritis 11 3 8
Diabetes 4 2 2
Urological 5 1 4
Polycystic kidney disease 4 1 3
Unknown 7 2 5

Sex (male: n, %) 26 (47.3%) 10 (58.8%) 16 (42.1%) .38
Smoking (n, %) 18 (32.7%) 7 (41.2%) 11 (29%) .54

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; EPO, erythropoietin; PTH, parathyroid hormone; SBP, systolic blood pressure.
*Results for Mann-Whitney test for group with cardiovascular events and group without cardiovascular events. Quantitative data are summarized as median

(minimum and maximum in parenthesis); qualitative data are summarized as number and (percentage in parenthesis).
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inflammation, oxidative stresses [17], matrix GLA protein
[14,15,22], sclerostin [23], and osteocalcin [15]. However,
despite the ubiquity of candidate markers and pathogenic
molecules, the full picture is far from being complete
[14e17]. miRNAs may be a new piece in the puzzle,
particularly miRNA 192 levels, which were found to be
altered among non-CKD patients with myocardial infarc-
tion and heart failure [24]. It is also highly expressed in the
kidneys [25,26] and in the glomeruli of diabetic mice [27].
This study evaluates the link between miRNA 192 and hard
clinical endpoints, namely: vascular calcification, major
adverse cardiovascular events, and mortality over a 5-year
period of prospective follow-up among potential kidney
recipients while on regular hemodialysis.

SUBJECT AND METHODS

We included 64 subjects from our university hospital dialysis unit.
Patients on oral anticoagulation therapy were excluded. The study
populationwere CKD stage 5 receiving 4-hour hemodialysis sessions,
3 times per week, on low flux polysulphone dialyzers and dialysate
calcium1.5mmol/L for at least 6months. The study protocol received
approval from the ethical committee at our university hospital.
Pre-existing overt cardiovascular events that occurred after the
start of hemodialysis treatment but before commencement of the
study were recorded. New cardiovascular events were followed. The
relevant episodes recorded were myocardial infarction, heart fail-
ure, acute coronary syndrome, ischemic cerebrovascular disease,
and/or symptomatic peripheral vascular disease. All-cause mortality
was also recorded. Vascular calcification was measured in the aorta
by CT scans of the abdominal aorta using a previously described
and validated sensitive score [10] and reported qualitatively as
positive or negative.

We measured micro RNA-192 for all included subjects. Total
RNA was extracted from EDTA anticoagulated blood using a High
Pure Total RNA preparation kit (Roche Applied Science, Ger-
many) followed by cDNA synthesis for each extracted sample by
Transcription First Strand cDNA synthesis kit (Roche Applied
Science, Germany).

SPSS version 22 (IBM SPSS Statistics for Windows, version 22.0,
IBM Corp., Armonk, NY) was used for data analysis. Data were
summarized as percentage, median, maximum, andminimum. Based
on the sample distribution and the relationship between different
samples, comparisons were performed using Mann-Whitney U test.
Pearson’sc2 test was used for categorical data andFischer extract test
for cells with expected counts of < 6. Stepwise multiple regression
analysis was performed to determine the independence of statistical



Table 2. Multiregression Analysis of Factors Associated With
Cardiovascular Events

Factor b 95% CI P value

micro RNA-192 e0.286 (0.00e0.00) .05
Age 0.274 (e0.003 to 0.023) .13
Vascular calcification 0.122 (e0.203 to 0.432) .47
Diabetes 0.052 (0.458e0.642) .74
Systolic blood pressure e0.047 (e0.008 to 0.006) .76
Smoking 0.032 (e0.254 to 0.317) .83

Abbreviation: CI, confidence interval.
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associations of the studied parameters to cardiovascular events.
P � .05 was considered statistically significant.

RESULTS

We screened 64 patients on hemodialysis at the dialysis
center in Kasr Alainy University Hospital. Nine were
excluded (2 did not meet the inclusion criteria, and 7
declined consent). The final population included 55 patients
followed for 63 months (mean observation 46.8 [3e63
months]) (Table 1).

Cardiovascular Events and Mortality

Evidence of preexisting cardiovascular disease was present
in 8 patients and abdominal aortic calcification in 23 pa-
tients. We recorded 19 new cardiovascular events in 17
patients (15 acute coronary syndrome, 2 acute peripheral
vascular disease, and 2 ischemic stroke). The characteristics
of those patients are shown in Table 1. We also recorded 5
cases of mortality during the study period.
A multiregression analysis model was performed to study

the factors correlating to the cardiovascular events in all
patients (preexisting and new). This model included micro
RNA, age, vascular calcification, diabetes, systolic blood
pressure, and smoking. The only factor independently
correlating to events was micro RNA-192(Table 2).

MiRNAe192

Micro RNAe192 count was lower in patients with preex-
isting cardiovascular disease (median 49; min 5, max 11,370)
compared to those without (median 392; min 0, max 98,000)
(P ¼ .015). It was also significantly lower among patients
with any documented cardiovascular event (before and
during the observation period) (median 99; min 0, max
9980) compared to those with no events (median 440; min
5e98,000) (P ¼ .012). Micro RNA count was numerically
lower among patients who expired during the study (median
143; min 0, max 11,370) compared to those who survived
(median 308; min 15, max 98,000) (P ¼ .4) and lower among
those with vascular calcification (median 112; min 0, max
72,900) compared to those without (median 308; min 5, max
98,000) (P ¼ .47).

DISCUSSION

This study was carried out to evaluate the link between mi
RNA 192 and cardiovascular outcomes in hemodialysis
patients awaiting kidney transplantation over 5 years of
prospective follow-up. We found a significantly lower micro
RNAe192 level in patients with pre-existing cardiovascular
disease as well as in all patients with documented cardio-
vascular events (before and during the observation period).
The low level of miRNA-192 in patients with cardiovas-

cular events was demonstrated in previous studies where the
circulating level of micro RNA-192 was associated with
coronary heart disease [24]. These findings might be related
to transforming growth factor b, which may reduce micro
RNA-192 in CKD [28]. Transforming growth factor b is
elevated in CKD and is involved in many cardiac disorders
[29e31]. Nonetheless, low levels of micro RNA in CKD
patients may be due to the accumulation of RNA causing
degradation of circulating micro RNA [32,33]. Recently it
was demonstrated that many circulating micro RNA are
bound to protein [34] and lipoprotein [35] complexes rather
than being within vesicles rendering them subject to
degradation.
CKD is a risk factor for cardiovascular disease [36,37].

Hyperphosphatemia may induce medial calcification [38] by
inducing osteochondrogenic switch of vascular smooth
muscle cells (VSMCs) [11], and involvement of micro RNA
has been evidenced in this phosphate-induced phenotypic
switching [39].
Previous studies documented the expression of micro

RNA in atherosclerosis obliterans and in destabilized hu-
man plaques - [39-41]. Cipollone et al [42] suggested that
the unstable phenotypes of the atherosclerotic plaques and
their ability to rupture induced by micro RNA might be
related to its involvement in hydroxyapatite crystals for-
mation. However, in our study, we did not find a significant
difference in micro RNA levels between patients with
vascular calcification and those without. This might be
explained first by the fact that we measured circulatory and
not tissue expressed micro RNA, which may be very
different [40-41].
The main drawback of this study is the relatively small

number of patients studied. However, it was a prospective
study in which we evaluated and followed up the patients for
5 years to detect solid outcomes of cardiovascular events
and mortality. Moreover, computed tomography scanning
of the abdominal aorta, a sensitive tool [10], was done to
evaluate aortic calcification.
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