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Background: Statins improve prognosis in patients with coronary heart diseases by
decreasing the incidence of vascular events. Excess prevalence of hyperhomocysteinemia,

an independent risk factor of cardiovascular diseases, has been observed in stable renal

transplant recipients (RTRs).

Olbjectives: The objective of our study was to evaluate the association between atorvastatin
administration and plasma total homocysteine (tHcy) levels in RTRs.

Patients and Methods: We performed a retrospective cross-sectional study in 148 cyclosporine
A (CsA) treated stable RTRs. We compared tHcy level and other demographic and clinical
variables in RTRs with and without atorvastatin.

Results: 58.1% of the 148 RTRs wete treated with atorvastatin (20-40 mg/day). Mean tHcy
levels were lower in patients treated with atorvastatin compatred to nonusers (14.80 =+
5.13 umol/1 versus 16.95  7.87 umol/l, P=0.04). The compatison of 85 patients treated
with atorvastatin and 61 non-users revealed that those subjects with atorvastatin were
older, with higher estimated creatinine clearance and elevated body mass index (BMI).
They were more likely to have higher systolic blood pressure and CsA trough level (CO).
The association between lower tHcy levels and atorvastatin use was confirmed in the
multivariate regression model (P=0.004). However tHcy levels were independently and
negatively associated with serum folate (P=0.0001) and vitamin B12 levels (P=0.001) and
positively with serum BUN (P=0.001) and diastolic blood pressure (P=0.024) as well.
Conclusions: These data support the association between lower tHcey levels and atorvastatin
administration in RTRs. Further clinical trials are recommended to clarify homocysteine
lowering effect of atorvastatin.

Implication for health policy/ practice/ research/ medical education:
Cardiovascular disease is one of the most common causes of mortality in dialysis patients. Also, hyperhomocysteinemia is

considered as a risk factor for atherosclerosis that in dialysis patients is more prevalent comparing with other patients. Hence,

risk of atherosclerosis and cardiovascular death would be reduced in case of hyperhomocysteine amendment.
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1. Background

Cardiovascular disease is the main cause of death in
renal transplant recipients (RTRs) with a functioning
allograft (1,2). Among the contributing factors of the
increased risk of ischemic heart disease and death
from cardiovascular diseases after transplantation,
older age of the recipients, obesity, hypertension,
hyperlipidemia, diabetes mellitus, and smoking appear
to be more predominant (3).

Studies show that stable RTRs have an excess
prevalence of hyperhomocysteinemia (4-6). Moreover
homocysteine is supposed to contribute to oxidative
stress and endothelial damage (7). Deficiency of some
water soluble vitamins, especially vitamin B6, B12, and
folic acid may result in hyperhomocysteinemia (8).

Statins  (3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors [HMG-CoA reductase]) improve
coronary heart diseases prognosis in patients by
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decreasing the incidence of vascular events. They have
favorable pleiotropic effects, including antithrombotic,
protecting endothelial functions, changing thrombus
formation, altering platelet aggregation and enhancing
fibrinolysis  (9,10). In addition, atorvastatin is
increasingly used in solid organ transplant recipients
treated with cyclosporine A (CsA) (11).

However, the effects of statins on homocysteine, are
not yet well established (12) and the mechanisms of
the antithrombotic action of statins are unclear (9).
Controversy exists about the effects of statins on
homocysteine levels in renal transplant patients (8).

2. Objectives

The purpose of this study was to determine the
association between atorvastatin administration and
plasma total homocysteine (tHcy) levels in stable
RTRs and to evaluate other associated factors.

3. Patients and Methods

3. 1. Study population

We retrospectively analyzed recorded databases from
148 stable RTRs in a transplant center in north of
Iran. According to their records, immunosuppressive
regimen of patients consisted of cyclosporine (CsA;
Iminoral, Zahravi, Iran) 2.5-5 mg/kg/day divided in
a twice daily dosage, prednisolone 5-10 mg/day orally
and mycophenolate mofetil (Cellcept, Roshe, Basel,
Switzerland) 1000 mg twice daily.

All the atorvastatin (Sobhan, Rasht, Iran) consumers
took it at least since their transplantation time. For
the majority of our patients, getting the exact time of
prescribing the drug was inaccessible. The prescribed
dosing of atorvastatin was on the basis of our
physicians’ discretion.

All the patients received grafts from living donors.
All RTRs were over 18 years old, with first renal
transplantation and post-transplant time of at least 6
months. Neither of them had liver diseases, psoriasis,
rheumatoid arthritis, any kind of cancer nor taking B
vitamins or methotrexate.

Cockeroft-Gault formula was conducted to estimate
the endogenous creatinine clearance (eCrCl).

Blood pressure was measured in a standardized manner
using a calibrated mercury sphygmomanometer,
with the patient sitting for at least 5 minutes prior
to measurement. Body mass index (BMI) was also
measured for all participants.

The etiology of end-stage renal disease consisted of
chronic glomerulonephritis (n=45, 30.8%), diabetic
nephropathy (n=12, 8.2%), nephrosclerosis (n=15,
10.3%), obstructive nephropathy (n=19, 13%),
chronic pyelonephritis (n=1, 0.7%), polycystic kidney
disease (n=7, 4.8%), tubulointerstitial nephritis (n=0,
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4.1%), analgesic nephropathy (n=3, 2.1%), focal
segmental glomerular sclerosis (n=2, 1.4%) and
Alport syndrome (n=1, 0.7%).

3.2. Laboratory assessments

The laboratory tests were done between April 2011
and January 2012. Blood samples were drawn from
the antecubital vein after an overnight (10-14 hours)
fast. A fasting blood sample collected into an
EDTA-anticoagulated tube for measuring plasma
homocysteine for each patient. The blood sample was
centrifuged immediately after collection to separate the
plasma. Then the separated plasma was deeply frozen
(-20°C). Total plasma homocysteine was assessed by
high performance liquid chromatography (HPLC)
with fluorescence detection. Whole blood CsA,
serum vitamin B12 and folate concentrations were
measured by radioimmunoassay. Whole blood CsA
was measured twice, first for assessing CsA trough
level in fasting blood (C0) and next, two hours after
administration of CsA (C2). All routine biochemistry
was performed using colorimetric methods. LDL
cholesterol levels were calculated by Friedewald
formula: LDL cholesterol = total cholesterol — (HDL
cholesterol + triglycerides/5) (9).

All measurements were performed in a single
laboratory. Hyperhomocysteinemia (hyperHcy) was
defined as plasma tHcy level greater than 12 pmol/1.
The normal values for vitamin B12 and folate were
120-970 pg/ml and 3.1-17.5 ng/ml respectively (13).

3.3. Ethical issues

1) The research followed the tenets of the Declaration
of Helsinki. 2) This project was approved by ethics
committee of Guilan University of Medical Sciences,
Iran.

3.4. Statistical analysis

Continues variables were expressed as mean values
with Standard deviations (SDs). In the univariate
analysis, we applied y* test for categorical data,
student’s 7 test and Pearson’s correlation coefficient for
the quantitative variables. In the multivariate analysis,
multiple linear regression models by stepwise method
(Entry = 0.05, Removal = 0.1) for determining
association between atorvastatin and tHcy levels was
applied. Statistical significance was defined as P value
less than 0.05. The SPSS version 18 was used for
analysis of data.

4. Results

The demographic and laboratory parameters of the
studied patients are shown in Table 1. Among 148 of
participants (87 male and 61 female, with mean age
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of 44.07%£11.52 years), 86 of them (58.1%) used
atorvastatin with a mean dose of 20-40 mg. Forty-
nine of patients with atorvastatin (57%) were male
and 37 were female (43%). The mean age of RTRs
with atorvastatin was 46.78 £10.56 years.

Table 2 shows that among all of the
nonimmunosuppresive medications used by patients,
the mean of Heylevel differed statistically significantin
patients with atorvastatin. In the multivariate analysis
using multiple linear regression model by stepwise
method  (Entry=0.05, Removal=0.1), adjusted
for confounders (other nonimmunosuppresive
medication) still atorvastatin was correlated with tHcy
level (Table 3).

Distribution of Hcy which was checked by
Kolmogorov-Smirnov test was normal (P> 0.05, only
one patient from the group of atorvastatin users and
one from nonusers had out layer tHcy level which
were deleted in the analysis).

4.1. Univariate analysis
We found strong inverse correlations of tHcy
concentration with age (P=0.003, r=-0.25), folic

Table 1. Demographic and clinical characteristics of renal
transplant recipients

Age (years) 44.07 £ 11.52
Gender (M/F) 87/61
Smoking (%) 2.7%
Post-transplant diabetes mellitus (%0) 18.2%
Dialysis duration (months) 12.5 £ 12.87
Transplant duration (months) 53.97 £ 40.48
BMI (kg/m?) 26.96 = 4.12
SBP (mm Hg) 128.38 £ 16.95
DBP (mm Hg) 78.85 = 12.41
tHey (umol/L) 16.25 £ 8.32
Folate (ng/mL) 13.71 £ 4.82

379.99 £ 185.79
168.92 + 49.11
159.12 £ 84.33
604.69 £ 260.85

Vitamin B12 (pg/mlL.)

CsA dose (mg/day)

CsA trough level (CO; umol/L)
PostdoseCsA level (C2; umol/L)

BUN (mg/dl) 22.88 + 1037
Creatinine (mg/dl) 1.34 £ 0.57
Uric acid (mg/dl) 576 £ 1.44
Albumin (gr/dLl) 4.56 £ 0.57
FBS (mg/dl) 9521 + 21.28
Total cholesterol (mg/dl) 176.54 £ 41.12
HDL (mg/dl) 45.84 + 11.03
LDL (mg/d)) 95.20 + 31.44
TG (mg/dl) 183.06 + 95.22
CRP > 8 mg/L (%) 7.4%

Estimated creatinine clearance (mL/min) 70.31 £ 18.68
Atotrvastatin administration (%) 86 (58.1%)
Abbreviations: SBP, systolic blood pressutre; DBP, diastolic blood
pressure; BMI, body mass index; CsA, cyclosporine; BUN, blood
urea nitrogen; FBS, fasting blood sugar; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; CRP,
C-reactive protein.

level (P=0.001, £=-0.35), vitamin B12 (P=0.04,
r=-0.017) and also with eCrCl (P=0.001, r=-0.33).
Additionally, significant correlations of tHcy level
with BUN (P=0.001, r=0.44) and serum creatinine
(P=0.001, r=0.43) was found.

In univariate analysis, significant positive associations
of atorvastatin administration with age (P=0.001),
systolic blood pressure (P=0.009), BMI (P=0.001),
CsA trough level (CO) (P=0.04), estimated creatinine
clearance (P=0.03) and tHcy (P=0.04) was found
(Table 4).

RTRs receiving atorvastatin in comparison with those
not receiving atorvastatin, were older, with lower
levels of tHey (14.80 £ 5.13 umol/l versus 16.95
+ 7.87 umol/l, P=0.04). Also BMI was higher in
patients who administered atorvastatin (28.04+4.05
kg/m?versus 25.5913.81 kg/m?, P=0.001). Moreover
they demonstrated higher systolic blood pressure
and CsA trough level (CO). In addition atorvastatin
administration was associated with a higher eCrCl
(Table 4). Serum folic acid and vitamin B12 levels
were similar in both groups.

4.2. Linear regression niodel
Table 3 shows a multivariate linear regression analysis

Table 2. Comparison of mean + SD of Hcy level in
different drugs usage

Calcium-D 0.76
Yes 96 15.82 £ 5.99

No 50 15.48 = 7.39

Rocaltrol 0.10
Yes 12 12.78 £ 3.57

No 134 15.96 * 6.63
Atrovastatin 0.04
Yes 85 14.80 £ 5.13

No 61 16.95 £ 7.87

Diltiazem 0.97
Yes 61 15.68 = 7.09

No 87 15.72 £ 6.05
Gemfibrozil 0.45
Yes 10 14.23 + 4.40

No 136 15.81 = 6.61

Losartan 0.28
Yes 27 16.90 £ 4.94

No 119 15.43 £ 6.77

Atenolol 0.58
Yes 35 16.22 = 4.99

No 111 15.54%6.90

Metoral 0.70
Yes 28 15.74 £ 5.87

No 117 15.73 £ 6.66
Amlodipine 0.69
Yes 20 16.24 £ 5.44

No 126 15.62 * 6.65

Abbreviation: SD, standard deviation.
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Table 3. Regression coefficient of effect of atorvastatin usage on Hcy level according to multiple linear regression models

12.22£2.06
2.85+1.37

Constant
Atorvastatin

0.17

5.93 0.000
2.08 0.040

8.15 to 16.29
0.14 to 5.59

Abbreviation: SE, standard error.

Table 4. Demographic and clinical data of renal transplant recipients according to atorvastatin administration

Age (years),mean + SD

Gender (M/F)

Creatinine (mg/dL), mean + SD

BUN (mg/dL), mean £ SD
Glomerulonephritis, n (%o)

Smoking, n (%)

Post-transplant diabetes mellitus, n (%0)
Uric acid (mg/dL), mean + SD

CsA dose (mg/day), mean = SD

SBP (mm Hg), mean £ SD

DBP (mm Hg), mean £ SD

Dialysis duration (months), mean *+ SD
Transplant duration (months), mean * SD
BMI (kg/m?, mean £ SD

Folate (ng/ml), mean + SD

Vitamin B12 (pg/ml), mean £ SD

CsA trough level (CO; pmol/L), mean + SD
Postdose CsA level (C2; umol/L), mean £ SD
Albumin (g/dL), mean = SD

FBS (mg/dL), mean * SD

Total cholesterol (mg/dL), mean £ SD
HDL (mg/dL), mean + SD

LDL (mg/dL), mean + SD

TG (mg/dL), mean + SD

CRP > or =8 mg/1, n (%)

Estimated creatinine clearance (mL/min), mean = SD
tHCY (pmol/L), mean * SD

46.06 + 10.29 4038 + 11.91 0.001
49/36 37/24 0.72
1.28 +0.48 1.44 + 0.68 0.09
2234 +9.13 2372+ 11.99 0.43
23 (27.1%) 20 (33.9%) 0.45

2 (2.4%) 2 (3.3%) 0.73

21 (24.7%) 6 (9.8%) 0.02
5.67  1.39 6.96 * 8.47 0.25
166.47 + 47.80 172.95 + 51.70 0.44
131.59 + 17.93 124.18 + 14.81 0.009
79.94 + 12.97 77.30 £ 11.75 021
12,19 £ 13.07 12,42 + 12.58 0.92
54.25 + 38,74 52.57 + 41.85 0.80
28.04 + 4.05 2559 +3.81 0.001
13.61 £ 4.51 13.96 + 5.28 0.68
366.47 + 162.34 402.40 + 215.17 0.27
171.23 + 83.70 142.60 + 84.20 0.04
636.10 + 260.77 565.34 + 260.60 0.10
457+ 053 455+ 0.64 0.83
97.89 + 23.99 91.66 + 16.68 0.08
174.48 + 37.36 179.87 + 46.53 0.44
47.09 + 11.23 4393 +10.25 0.08
91.18 & 28.72 101.13 £ 34.63 0.07
190.76 + 89.76 173.75 £ 103.10 0.29
1.08 + .28 1.07 £ 0.25 0.71
73.41 + 18.46 66.21 * 18.42 0.02
14.80 £ 5.13 16.95 + 7.87 0.04

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; CsA, cyclosporine; BUN, blood urea
nitrogen; FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; CRP, C-reactive protein.

by stepwise method (Entry=0.05, Removal =0.1) in
which we only compared the effects of different drugs
used by patients on tHcy level without adjusting for
other parameters such as clinical and demographics.
Then we established P<0.1 (Entry=0.05,
Removal =0.1) for entering all variables (including
drugs, demographic and clinical factors) into the
complete model of multivariate linear regression
model, to determine the effects of more than one
variable on a continuous dependent variable (tHcy).
It was revealed that the only factors which were
independently associated with tHcy serum levels
included serum folate, serum vitamin B12, serum
blood urea nitrogen (BUN), diastolic blood pressure
and atorvastatin administration (Table 5).

RTRs treated with atorvastatin, had 3.68 folds lower
levels of homocysteine in comparison of those not
treated with atorvastatin (95% CI: -1.21+-6.15). In
addition patients with higher serum folate or vitamin

B levels showed lower tHcy level. On the other
hand, higher homocysteine levels were associated
with higher serum BUN and higher diastolic blood
pressure (Table 5).

5. Discussion

RTRs experience an increased risk for atherosclerotic
cardiovascular disease (1,14). Hyperhomocysteinemia
is regarded as an independent risk factor for vascular
diseases, and homocysteine is supposed to contribute
to oxidative stress and endothelial damage (7).

Statin therapy is an established intervention to
diminish the risk of acute events in patients suffering
from cardiovascular diseases (7). In addition, statins
should be considered the first-line treatment of
dyslipidemia observed in renal disease patients (14).
Apart from their lipid-lowering capacity, statins exert
anti-inflammatory and antioxidant property as well.
As cellular immune activation and oxidative stress
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Table 5. Linear regression model of tHcy levels: adjusted for demographic and clinical factors and drugs usage

Constant 9.91 £ 4.99
Serum folic level -0.61 £ 0.13
BUN 0.21 = 0.06
Serum vitamin B12 level -0.01 = 0.003
Atrovastatin -3.68 £ 1.25
DBP 0.11 £ 0.05

1.98  0.049 0.026 £ 19.788
-0.35 -4.83  0.000 -0.855 %+ -0.358
0.26 3.64  0.000  0.097 +0.329
-0.24 -3.34  0.001  -0.018 £-0.005
0.21 -2.95  0.004 -1.209 £ -6.146
0.17 229  0.024  0.016 £0.215

Abbreviations: DBP, diastolic blood pressure; BUN, blood urea nitrogen.

play a major role in the pathogenesis of cardiovascular
diseases, the anti-inflammatory capacity of statins, to
some extent could be responsible for the beneficial
effects observed in patients (7,15).

Decreased epithelial progenitor cells and their
impaired function were shown to correlate with
endothelial dysfunction and atherosclerosis (106).
Hcy increases nicotinamide adenine dinucleotide
phosphate (NADPH), while atorvastatin may inhibit
Hcy induced activation of NADPH oxidase and exert
cellular antioxidant effects (17).

Data on early statin use in kidney transplant patients
receiving CsA in our region is lacking, and this
observational study adds valuable information to
existing  knowledge.

In our study, atorvastatin administration was
significantly associated with lower mean levels of
tHcy.

Schroecksnadel et al suggested that statins may
prevent homocysteine accumulation in the blood via
immunosuppression. They could show the down-
regulating effects of atorvastatin on homocysteine
formation in vitro (7).

Although, some studies proposed that statins can
reduce plasma tHcy levels (7,18), but many failed to
demonstrate this effect (8,9,12,19-21).

Luftjohann et al reported a significant decrease in
plasma tHcy levels after high doses of simvastatin
80 mg/day for 24 weeks in patients with
hypercholesterolemia (18). On the contrary, Miltiadous
et al showed that the administration of atorvastatin 40
mg/day for 10 weeks did not affect tHey levels in 61
patients with hyperlipidemia (12). In addition, Dierkes
and colleagues showed that some lipid-lowering and
antihypertensive drugs could increase serum levels
of homocysteine (22). Also Ozbay et al found that
atorvastatin leaded to a mild increase in plasma tHey
levels of patients with mixed hyperlipidemia and it
may be explained by its effect on liver function (23).
Shojaei et al showed contradictory results to our
findings. Serum homocysteine concentration was
33% higher than normal in the hemodialysis patients
who took statin, folic acid, and vitamin B6 (8).
Navarro and colleagues reported that although
atorvastatin administration to diabetic patients on

plasma
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hemodialysis was associated with improvement of
lipid profile and reduction of high sensitive CRP, but
it did not change Hcy levels significantly (20).

Of note, Van der Loo et al showed that treatment
with 80 mg atorvastatin resulted in an increase of
homocysteine plasma levels in the presence of rather
clevated levels of folic acid among patients with
peripheral arterial disease (24).

In the present study, we also found that as well as
atotrvastatin administration, serum folate and vitamin
B12 could independently associate with mean tHcy
levels in transplant recipients.

MacMahon et al showed that in 141 post-myocardial
infarction patients with primary hypercholesterolemia,
divided into two groups. The first group took 80 mg/
day simvastatin with 2 mg folic acid/0.8 mg vitamin
B12 daily and the second group just took 2 mg folic
acid/0.8 mg vitamin B12 daily (without simvastatin).
In both groups homocysteine level decreased similatly,
this reduction in homocysteine was 25.3% and
23.1%, respectively. They also reported no detectable
antagonistic effects at the time of administrating
simvastatin and folic acid/vitamin B12 concomitantly
(25).

Our observational study had a prominent limitation:
obtaining the duration of atorvastatin administration
was inaccessible precisely, but at least all the RTRs
administered statin since their transplantation (with
mean transplantation duration of 53.97%40.48
months [range, 6-186 months]).

The Assessment of LEscol Renal Transplantation
(ALERT) study is the only randomized controlled
trial of statins in renal transplant patients. This trial
failed to found any statistically significant advantage
of fluvastatin compared to placebo in achieving
primary outcomes of reduction in major adverse
cardiac events (MACE), the overall mortality or graft
survival (26). However, a 2 year extension of the
ALERT trial reported that patients randomized to the
fluvastatin group had a reduced risk of MACE; still
without significant difference in overall mortality and
graft loss (27).

The findings of the ALERT trial suggested that the
timing of statin use may be determinant for the extent
of the non-immune benefits of statins. A greater
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reduction in major cardiac events had been observed
in those patients initiating statin therapy carlier (years
0-2) than those initiating statin therapy later (>0 years)
following transplantation (27).

Although cyclosporine causes hypertension and
increases cholesterol levels in RTRs (28), Asberg et
al indicated that treatment with atorvastatin in CsA
treated RTRs is effective in both reducing atherogenic
lipids and improving endothelial function through
increasing nitric oxide concentration in peripheral
plasma (29). They later showed that bilateral
pharmacokinetic interaction between atorvastatin
and CsA resulted in six fold higher plasma HMG-
CoA reductase inhibitory activity after 4 weeks of
treatment with atorvastatin 10 mg/day, but systemic
exposure of CsA only moderately decreased. Mild
cholestasis, associated with CsA therapy, which
interfere atorvastatin excretion into the bile or its
uptake into hepatocytes, could be the plausible
explanations  (11).

So the predominant use of cyclosporine (that
increases atorvastatin level) at our transplant center,
may also partially explain the relatively low tHcy levels
in our patient population who took statin.

We also found an association between atorvastatin
administration and high BMI in our single center
RTRs. A possible explanation could be relatively high
prevalence of statin usage in patients with metabolic
syndrome regarding their hyperlipidemic state.

In our study, patients taking atorvastatin were generally
older and the reasons for initiation of statin therapy
were not the same for all the patients. There are two
possible explanations for our findings: patients having
any indication for statin therapy were older and the
prevalence of hyperlipidemia in older age group is
higher.

6. Conclusions

We observed the association between atorvastatin
administration with older age, higher BMI, higher
systolic blood pressure, higher eCrCl, lower tHcy
levels and higher CsA concentrations. However, after
adjusting multiple variables serum folate, vitamin
B12, BUN, diastolic blood pressure and atorvastatin
administration remained independent associated
factors of tHcy levels. These findings would expand
the existing knowledge by determining the associations
of atorvastatin usage in our RTRs largely managed
with a cyclosporine-based immunosuppressive
regimen. There is still a need for large, well designed
randomized trials in renal transplant patients to
establish a positive homocysteine lowering role of
statins in this particular population.

www.nephropathol.com
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Limitations of the study

Our observational study had major limitations
such as lack of the precise duration of atorvastatin
administration by patients individually and the design
of study which was a retrospective one.

Acknowledgments
This study is adapted from the M.D. thesis of Seyyede
Zeinab Azimi (Thesis number # 1383).

Authors’ contribution

AM; participated in research design, the writing
of the paper, and the performance of the research.
SZA; participated in the writing of the paper, the
performance of the research, and data analysis. EK;
participated in new reagents or analytic tools and data
analysis.

Conflicts of interest
The authors declared no competing interests.

Funding/Support

The authors declare that they have no competing
financial interests in relation to the work described.
This research was supported by Urology Research
Center, Guilan University of Medical Sciences, Rasht,
Iran.

References

1. Diaz JM, Sainz Z, Gich I, Guirado LL, Puig T, Oliver
A, et al. Determining factors of the response to
hyperhomocysteinemia treatment in renal transplant
patients. Transplant Proc. 2005;37(9):3785-7. doi:
10.1016/j.transproceed.2005.10.055.

2. Riella LV, Gabardi S, Chandraker A. Dyslipidemia and
its therapeutic challenges in renal transplantation. Am
J Transplant. 2012;12(8):1975-82. doi: 10.1111/.1600-
6143.2012.04084.x.

3. Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N,
Cosimi E. Strategies to improve long-term outcomes
after renal transplantation. N Engl | Med. 2002; 346
(8):580-90.

4. SavajS,Ghorbani G, Ghods A]. Hyperhomocysteinemia
in renal transplant recipients. Transplant Proc. 2001;
33(5):2701. doi: 10.1016/s0041-1345(01)02154-6.

5. Teplan V, Schuck O, Hyanek ], Vitko S, Polende R.
Hyperhomocysteinemia in obese renal transplant
patients. Klin Biochem Metab. 2006;14(35):17-20.

6. Ducloux D, Motte G, Challier B, Gibey R, Chalopin
JM. Serum total homocysteine and cardiovascular
disease occurrence in chronic, stable renal transplant
recipients: a prospective study. ] Am Soc Nephrol.
2000;11(1):134-7.

7. Schroecksnadel K, Frick B, Winkler C, Witleitner
B, Weiss G, Fuchs D. Atorvastatin suppresses
homocysteine formation in stimulated human
peripheral blood mononuclear cells. Clin Chem ILab
Med. 2005;43(12):1373-6. doi:10.1515/cclm.2005.234.

8. Shojaei MH, Djalali M, Siassi F, Khatami MR,

Journal of Nephropathology, Vol 5, No 3, July 2016 103



Monfared A et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

Boroumand MA, Eshragian MR. Serum levels of
lipoprotein(a) and homocysteine in patients on
hemodialysis who take hydroxymethylglutaryl-CoA
reductase inhibitors, vitamin B6, and folic acid. IJKD.
2009;3(3):141-4.

Bolaman 7, Kadikoylu G, Ozgel N, Yenisey C.
Effects of atorvastatin on coagulation parameters
with  primary
2000;

and homocysteine in  patients
hypercholesterolemia. ] Natl Med Assoc.
98(8):1273-7.

Goicoechea M, Garcia de Vinuesa S, Lahera V,
Cachofeiro V, Gomez-Campderda F, et al. Effects
of atorvastatin on inflammatory and fibrinolytic
parameters in patients with chronic kidney disease. ]
Am Soc Nephrol. 2006;17(12 Suppl 3):S231-5.
Asberg A, Hartmann A, Fjeldsa E, Bergan S, Holdaas
H. Bilateral pharmacokinetic interaction between
cyclosporine A and atorvastatin in renal transplant
recipients. Am ] Transplant. 2001;1(4):382-6.
doi:10.1034/7.1600-6143.2001.10415.x.

Miltiadous G, Papakostas J, Chasiotis G, Seferiadis K,
Elisaf M. Statins and homocysteine. Atherosclerosis
2003;166(1):199-200. d0i:10.1016/s0021-
9150(02)00318-0

Monfared A, Azimi SZ, Kazemnezhad E, Khosravi M,
Lebadi M, Mirzajani E, et al. Hyperhomocysteinemia
and assessment of its associated factors in renal
transplant  recipients: a  single-center study in
northern Iran. Transplantation. 2014;98(1):66-71. doi:
10.1097/01.TP.0000443222.82207.3d.

Davidson M. Considerations in the treatment of
dyslipidemia associated with chronic kidney failure and
renal transplantation. Prev Cardiol. 2005;8(4):244-9.
doi:10.1111/§.0197-3118.2005.04078.x.

Bolayirli IM, Aslan M, Balci H, Altug T, Hacibekiroglu
M, Seven A. Effects of atorvastatin therapy on
hypercholesterolemic rabbits with respect to oxidative
stress, nitric oxide pathway and homocysteine. Life Sci.
2007;81(2):121-7.  doi:10.1016/j.1£5.2007.04.027.
Werner N, Wassmann S, Ahlers P, Schiegl T, Kosiol
S, Link A, et al. Endothelial progenitor cells correlate
with endothelial function in patients with coronary
artery disease. Basic Res Cardiol. 2007;102(6):565-71.
Bao XM, Wu CF, Lu GP. Atorvastatin inhibits
homocysteine-induced oxidative stress and apoptosis
in endothelial progenitor cells involving Nox4 and
p38MAPK. Atherosclerosis. 2010;210(1):114-21. doi:
10.1016/j.atherosclerosis.2009.11.032.

Luftjohann D, Sigit 1], Locatelli S, von Bergmann K,
Schmidt HH. High-dose simvastatin (80 mg/day)
decreases plasma concentrations of total homocysteine
in patients with hypercholesterolemia. Atherosclerosis.
2001;155(1):265-6.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Milionis HJ, Papakostas J, Kakafika A, Chasiotis
G, Seferiadis K, Elisaf MS. Comparative effects
of atorvastatin, simvastatin, and fenofibrate on
serum homocysteine levels in patients with primary
hypetlipidemia. ] Clin Pharmacol. 2003;43(8):825-30.
Navarro JF, Mora C, Muros M, Garcia-Idoate G.
Effects of atorvastatin on lipid profile and non-
traditional cardiovascular risk factors in diabetic
patients on hemodialysis. Nephron Clin Pract. 2003;
95(4):c128-135.

Giral P, Bruckert E, Jacob N, Chapman M], Foglietti
MJ, Turpin G. Homocysteine and lipid lowering agents.
A comparison between atorvastatin and fenofibrate in
patients with mixed hypetlipidemia. Atherosclerosis.
2001;154(2):421-7. doi:10.1016/50021-9150(00)00474-
3

Dierkes J, Luley C, Westphal S. Effect of lipid-lowering
and anti-hypertensive drugs on plasma homocysteine
levels. Vasc Health Risk Manag. 2007;3(1):99-108.
Ozbay Y, Akbulut M, Donder E, Baydas A, Baydas
G, Gursu ME. Comparison of effects of atorvastatin
and fenofibrate on plasma homocysteine, folic
acid and vitamin b12 levels in patients with mixed
hyperlipidemia. Firat Tip Dergisi. 2006;11(1):16-20.
Van der Loo B, Spring S, Koppensteiner R. High-
dose atorvastatin treatment in patients with peripheral
arterial disease: effects on platelet aggregation, blood
rheology and plasma homocysteine. Clin Hemorheol
Microcire. 2011;47(4):241-251.

MacMahon M, Kirkpatrick C, Cummings CE, Clayton
A, Robinson PJ, Tomiak RH, et al. A pilot study with
simvastatin and folic acid/vitamin B12 in preparation
for the study of the effectiveness of additional
reductions in cholesterol and homocysteine (SEARCH).
Nutr Metab Cardiovasc Dis. 2000; 10(4):195-203.
Holdaas H, Fellstrom B, Jardine AG, Holme I, Nyberg
G, Fauchald P, et al. Effect of fluvastatin on cardiac
outcomes in renal transplant recipients: a multicentre,
randomized, placebo-controlled trial. Lancet. 2003 14;
361(9374):2024-31.

Holdaas H, Fellsttom B, Jardine AG, Nyberg G,
Gronhagen-Riska C, Madsen S, et al. Beneficial effect
of early initiation of lipid-lowering therapy following
renal transplantation. Nephrol Dial Transplant.
2005;20(5):974-80.  doi:  10.1093/ndt/gfh735.
Wissing KM, Pipeleers L. Obesity, metabolic syndrome
and diabetes mellitus after renal transplantation:
prevention and treatment. Transplant Rev (Otlando).
2014;28(2):37-46. doi: 10.1016/j.trre.2013.12.004.
Asberg A, Hartmann A, Fjeldsa E, Holdaas H.
Atorvastatin improves endothelial function in renal-
transplant  recipients. Nephrol Dial
2001;16(9):1920-4.

Transplant.

Copyright © 2016 The Authot(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://cteativecommons.otg/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is propetly cited.

104

Journal of Nephropathology, Vol 5, No 3, July 2016

www.nephropathol.com


http://www.nephropathol.com

