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Background. Aging is associated with renal structural changes and functional decline. The attributable risk for renal dysfunction
from radiocontrast agents in critically ill older patients has not beenwell established.Methods. In this prospective study, we assessed
the incidence of contrast-induced nephropathy (CIN) in critically ill patients with stable renal function who underwent computed
tomography with intravenous contrast media. Patients were categorized into two age groups: <65 (YG) or ≥65 years old (OG). CIN
was defined as 25% or greater increase from baseline of serum creatinine or as an absolute increase by 0.5mg/dL until the 5th day
after the infusion of contrast agent. We also evaluated the alterations in oxidative stress by assessing serum 8-isoprostane. Results.
CIN occurred in 5 of 13 OG patients (38.46%) whereas no YG patient presented CIN (𝑃 = 0.015). Serum creatinine kinetics in older
patients demonstrated a rise over five days following contrast infusion time while a decline was observed in the YG (𝑃 = 0.005).
Conclusions.Older critically ill patients aremore prone to develop renal dysfunction after the intravenous infusion of contrast agent
in relation to their younger counterparts.

1. Introduction

Contrast-induced nephropathy (CIN) is a well-established
complication of the use of the intravenous iodine contrast
media representing the third most common cause of acute
kidney injury in hospitalized patients [1]. The reported
incidence ranges from below 5% in unselected populations to
50% in high-risk populations [2–8].The development of CIN
is associated with increase morbidity, length of hospitaliza-
tion, chronic renal impairment, and higher mortality [9, 10].

Several risk factors have been related to CIN like
decreased baseline renal function, heart failure, diabetes,
dehydration, hypotension, older age, and the type and the
amount of contrast agent applied [11–13]. Most of the studies
mainly have been carried out in cardiological patients with
unstable renal function who have undergone hemodynamic
interventions and secondarily in other patient’s groups. Crit-
ically ill is a group of patients who shared many predisposing
factors for CIN which have been studied during the last few
years with various results in respect to the incidence of CIN
[14].

Aged critically ill patients represent a group with more
compromised clinical status since kidney dysfunction is

common among older people. Data from the National Health
andNutritionExamination Survey (NHANES III), aUS study
of community-dwelling adults, estimated that nearly 35% of
the general population aged 70 years and older havemoderate
stage 3 chronic kidney disease [15]. Studies in Europe have
also shown that there is an exponential rise in chronic kidney
disease in the elderly [16–19].

In this study, we aimed to investigate whether the risk
for critically ill patients >65 years old to develop CIN after
exposure to intravenous contrast media is higher compared
to critical care patients aged less than 65 years old. In
addition, since it has been suggested that oxidative stress play
a significant role in the pathogenesis mechanism of CIN,
we assessed 8-isoprostane serum levels as a biomarker of
oxidative stress changes following contrast infusion [20].

2. Material and Methods

This was a prospective observational study. Consecutive
sampling was used to recruit patients from a general ICU,
between 2011 and 2012.
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Figure 1: Serum creatinine (mg/dL) concentration in patients ≥65 years old and in patients <65 years old.

We included consecutive critically ill patients with stable
renal function who needed computed tomography (C/T)
imaging with the use of intravenous contrast media during
a six-month period. Exclusion criteria were unstable renal
function, defined as a change in serum creatinine values
greater than 0.15mg/dL between 2 consecutive days, patients
under renal replacement therapy, and history of intravascular
administration of contrast agent during the 5 days before to
CT scan.

The patients were divided into two groups in respect to
their age: YG group included patients <65 years old and OG
group which included patients ≥65 years old. Patients in the
two groups were matched for APACHE II score.

2.1. Outcome Measures. The primary end point of the study
was the incidence of CIN. Secondarily, we evaluated the
alterations in oxidative stress via changes of serum levels of
8-isoprostane and the need for renal replacement therapy
among the examined groups, two weeks following the infu-
sion of the contrast agent.

2.2. Clinical Assessment-Definitions. We aimed to keep all
participants well hydrated before and after the infusion
of contrast agents; thus, 1000mL of fluids was infused in
addition to the scheduled daily requirements of each patient.
The CT scans were performed with the use of low osmolarity
contrast agent, Iopamiro 370, Bracco.

Serum creatinine and urea levels were measured before
the administration of radiocontrast agent and thereafter once
daily until the fifth day following radiocontrast infusion.

2.3. 8-Isoprostane Assay. Serumwas sampled before the infu-
sion of contrast agents and 24 hours later. The measurement

of 8-isoprostane was performed with a commercial enzyme-
linked immunoassay Kit (Cayman CC, USA).

2.4. Statistical Analysis. Results are expressed as means ±
standard error (SE). Kolmogorov-Smirnov test was used
for normality assessment. Chi-square or Fisher’s exact test
was used to compare categorical variables and 𝑡-test or
Man-Whitney 𝑈 test to compare continuous variables as
appropriate. To compare serum urea and creatinine differ-
ences between subgroups over time, linear mixed model
analysis was performed. Linear regression analyses were used
to determine associations among continuous variables. 𝑃
values of <0.05 were considered to be statistically significant.
Statistical analysis and graphs were performed with statistical
software GraphPad version 5 and the statistical package SPSS
17.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Twenty-six critically ill patients were included in the study;
13 were <65 years old (YG) and 13 were ≥65 years old (OG).
Table 1 shows the baseline characteristics of participants;
no statistically significant differences were found between
groups. Two patients in the OG presented renal failure in
their past medical history; both had normal diuresis and
baseline serum creatinine was mildly abnormal in each one
of them.

Five patients in the OG fulfilled the criteria for CIN
38.46%, while no one did in YG (𝑃 = 0.015). Serum
creatinine concentration in patients of YGpresented a decline
over time whereas in OG there was a mild rise in serum
creatinine (𝑃 = 0.005 for mean slope) (Figure 1). Thus, there
was an indication towards higher creatinine values in the
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Table 1: Baseline characteristics.

Characteristic Younger patients Older patients P value
(𝑛 = 13) (𝑛 = 13)

Age 44.31 ± 12.28 72.62 ± 5.18 0.0001
Male gender 13 (100%) 10 (76.92%) 0.22
Body mass index (Kg/m2) 24.4 ± 3.7 27.2 ± 4.1 0.59
Current smoking 5 (38.46%) 3 (23.07%) 0.67
APACHE II score in the day of CT scan 14.08 ± 4.46 17 ± 7.15 0.22
Baseline creatinine mg/dL 0.90 ± 0.66 0.89 ± 0.33 0.95
Diabetes mellitus 0 2 (15.38%) 0.48
Arterial hypertension 3 (23.07%) 6 (46.15%) 0.41
Dyslipidemia 1 (7.69%) 3 (23.07%) 0.59
Ischemic cardiac disease 1 (7.69%) 2 (15.38%) 1.0
Hepatic insufficiency 0 0
COPD 1 (7.69%) 4 (30.76%) 0.32
Renal failure 0 2 (15.38%) 0.48
Noradrenaline 𝜇g/Kg/min (𝛾)

Low dose until ≤5𝛾 6 (46.15%) 1 (7.69%) 0.073
Medium dose until 5–20𝛾 2 (15.38%) 3 (23.76%) 1.0
High dose >20𝛾 0 1 (7.69%) 1.0

Sepsis in the last 24 h before CT scan 2 (15.38%) 3 (23.07%) 1.0
Nephrotoxic medications

Aminoglycosides 1 (7.69%) 2 (15.38%) 1.0
Colimycin 6 (46.15%) 7 (53.84) 1.0
Teicoplanin 2 (15.38%) 3 (23.07%) 1.0
Amphotericin B 1 (7.69%) 0 1.0
ACEI 3 (23.07%) 2 (15.38%) 1.0
Diuretic 4 (30.76%) 3 (23.07%) 1.0
NSAID 4 (30.76%) 3 (23.07%) 1.0

Volume of contrast medium (mL) 100 100 1.0
COPD: chronic obstructive pulmonary disease, ACEI: angiotensin-converting-enzyme inhibitor, and NSAID: nonsteroidal antiinflammatory drugs.

OG compared to YG at the 5th day following radiocontrast
infusion (𝑃 = 0.07).

Furthermore, serum urea concentration in patients of YG
presented a mild increase over time, whereas in patients of
OG was detected a greater increase (𝑃 < 0.001 for mean
slope) without significant differences between groups (𝑃 =
0.546) (Figure 2).

8-Isoprostane levels presented a peak at 24 hours after
the infusion of contrasts in the OG; however, the difference
compared to YG was not significant 𝑃 = 0.49 (Figure 3).

All OG patients who developed CIN (𝑛 = 5) received
one at least nephrotoxic medication, four of them colimycin
and one of them amikacin, while in the group of OG patients
who did not develop CIN (𝑛 = 8), only three received a
nephrotoxic medication, colimycin, 𝑃 = 0.0754 (Figure 4).
We should point out that from two patients in the OG
presented renal failure in their past medical history, one
of them who had also received a nephrotoxic medication
developed CIN.

No difference was found between groups, in the num-
ber of patient who underwent renal replacement therapy
during the two weeks following the infusion; there were 4
patients in the OG (30.8%) and one patient in the YG (7.7%)
(𝑃 = 0.32).

4. Discussion

The findings of the present study suggest that critically ill
patients aged 65 or more years old are more prone to present
renal injury after the intravenous infusion of radiocontrast
media compared to patients aged less than 65 years old.
Notably, 38.46% of older patients developed CIN, but no
one of the younger patients in this cohort did (𝑃 = 0.015).
The mean serum creatinine concentration of older patients
presented an estimated rise during the examined period by
0.025mg/dL every day after the infusion of contrast agent. In
contrast, serum creatinine concentration of younger patients
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Figure 2: Serum urea concentrations (mg/dL) concentration in patients ≥65 years old and in patients <65 years old.
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Figure 3: Serum levels of 8-isoprostane (pg/mL) in patients ≥65
years old and in patients <65 years old.

demonstrated a slight decline during the time by 0.007mg/dL
per day after the infusion of contrast agent (Figure 1).

One might argue that older patients present significant
comorbidities that may predispose to CIN. Renal function is
also known to decline with age and morphological changes,
such as decrease of kidney weight, appearance of sclerotic
glomeruli [21], and intimal proliferation in the renal artery,
are some of the causes of renal dysfunction [22]. According
to the recent literature, it is not yet clear how much of
the functional loss in older people is due to physiologic
consequence of aging [23–25] and how much is related to
associate cardiovascular disease and life course exposure to
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Figure 4: Contrast-induced nephrotoxicity (CIN) in patients ≥65
years old who developed CIN or not according to the use of
nephrotoxic medications.

CKD risk factors such as hypertension, diabetes, and smoking
[26].

A plausible hypothesis therefore for the difference in
CIN between YG and OG might be the longer prevalence
of chronic kidney disease, and the presence of risk factors
such as hypertension, diabetes and smoking in older patients.
In this cohort, however, there was no significant difference
regarding several potential predisposing factors which were
assessed between two groups (Table 1). Nevertheless, those
factors could not be assessed precisely in our patients.
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Nephrotoxic medications like nonsteroidal anti-inflam-
matory drugs which might have been used more in the past
by older people could be also another potential explanation.

It should be also noted that there was a mild decline in
serum creatinine in YG group over time which may have
contributed to the differences found between YG and OG.
A possible explanation for this decline in YG could be the
influence of periprocedural hydration in relation to a greater
reserve in the renal function of younger patients.

Regarding the special features of older patients who
developed CIN in this study, an interesting observation is
that all of them (𝑛 = 5) received one at least nephrotoxic
medication, 4 of them colimycin and one of them amikacin,
while in the group of older patients who did not develop CIN
(𝑛 = 8), only 3 received a nephrotoxic medication, colimycin
(𝑃 = 0.0754, Figure 4). Therefore, this difference could be
better depicted in a larger cohort than ours and this is a
limitation in our study.

In the present investigation, we used as criterion for CIN
the increase in baseline serum creatinine by 25%, or the
absolute increase of at least 0.5mg/dL beyond 48 hours after
the infusion of contrast agent.

This criterion is widely accepted in the literature [27].
Furthermore, the monitoring period for CIN assessment is
important. In a short monitoring period, the incidence of
CIN may be underestimated. Recent studies adopted longer
time-periods of assessing of renal function in order to detect
more cases of renal injury [28]. Our investigation is in line
with this. We followed our patients for 5 days after the
infusion of contrast agent. Notably, 3 patients in our study
developed CIN before the 3rd day after the infusion of
contrast agent while the other 2 patients at the 4th and 5ths
days after, so a longer period of monitoring of renal function
is considered advantageous for the diagnosis of CIN and
therefore for better estimation of CIN incidence.

In the present study, we used serum creatinine as an index
of renal injury. Serum creatinine concentration despite the
problems related with the decreased muscle mass which is
seen in older patients remains the most widely used index of
renal function in clinical practice since it is a relatively inex-
pensive, standardized parameter which is available around
the clock at almost any clinical chemistry laboratory whereas
many of the new glomerular filtration rate biomarkers lack
one or more of these essential features [29]. Other studies
have used different indexes of renal injury such as serum
cystatin C. However, results varied regarding its superiority
as an indicator of renal impairment in relation to serum
creatinine [29–31].

The exact pathophysiologicalmechanisms responsible for
the development of CIN are complex and poorly understood
[28]. Experimental studies suggest that the pathogenesis
involves a combination of vasoconstrive free oxygen radicals
generation, renal medullary ischemia, and direct tubular
epithelial cell toxicity [32–34]. In this respect, we aimed
to assess serum levels of 8-isoprostane as a surrogate of
oxidative stress. A peak was detected 24 hours after the
infusion of contrast media in OG while in YG the progress
of levels represented a more constant course. 8-Isoprostane
serum levels were not correlated with the alterations of serum

creatinine in the same group. Between the two groups, no
significant differences were found. A possible explanation is
that in critically ill patients multiple medical entities which
contribute to oxidative stress production may coexist; thus,
their contribution might obscure the impact of radiocontrast
used in CT on the oxidative burden of the critically ill
patients. Certainly, one might argue that performing an
additional assay like DCFH-DAmight have provided further
insight into the alterations of renal function due to increased
oxidative stress burden. Unfortunately, we have not included
an additional method for oxidative stress assessment in our
study; we certainly acknowledge this limitation.

5. Conclusion

Older critically ill patients seem to be more susceptible in
developing renal injury after the intravenous infusion of
contrast agents in relation to their younger counterparts, so
additional protective measures, beyond the well hydration
which is the cornerstone, may have a role in prevention of
CIN.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] R. E. Cronin, “Contrast-induced nephropathy: pathogenesis
and prevention,”Pediatric Nephrology, vol. 25, no. 2, pp. 191–204,
2010.

[2] R. Mehran, E. D. Aymong, E. Nikolsky et al., “A simple risk
score for prediction of contrast-induced nephropathy after
percutaneous coronary intervention: development and initial
validation,” Journal of the American College of Cardiology, vol.
44, no. 7, pp. 1393–1399, 2004.

[3] G. Dangas, I. Iakovou, E. Nikolsky et al., “Contrast-induced
nephropathy after percutaneous coronary interventions in rela-
tion to chronic kidney disease and hemodynamic variables,”The
American Journal of Cardiology, vol. 95, no. 1, pp. 13–19, 2005.

[4] P. Aspelin, P. Aubry, S.-G. Fransson, R. Strasser, R.Willenbrock,
and K. J. Berg, “Nephrotoxic effects in high-risk patients
undergoing angiography,”TheNewEngland Journal ofMedicine,
vol. 348, no. 6, pp. 491–499, 2003.

[5] C. Briguori, A. Colombo, F. Airoldi et al., “N-acetylcysteine ver-
sus fenoldopam mesylate to prevent contrast agent-associated
nephrotoxicity,” Journal of the American College of Cardiology,
vol. 44, no. 4, pp. 762–765, 2004.

[6] R. L. Mehta, J. A. Kellum, S. V. Shah et al., “Acute Kidney Injury
Network: report of an initiative to improve outcomes in acute
kidney injury,” Critical Care, vol. 11, no. 2, atricle R31, 2007.

[7] A. Kolonko and A. Wiecek, “Contrast-associated nephropa-
thy—old clinical problem and new therapeutic perspectives,”
Nephrology Dialysis Transplantation, vol. 13, no. 3, pp. 803–806,
1998.

[8] E. Nikolsky, R. Mehran, D. Turcot et al., “Impact of chronic
kidney disease on prognosis of patients with diabetes mellitus
treated with percutaneous coronary intervention,” The Ameri-
can Journal of Cardiology, vol. 94, no. 3, pp. 300–305, 2004.



6 Oxidative Medicine and Cellular Longevity

[9] C. S. Rihal, S. C. Textor, D. E. Grill et al., “Incidence and
prognostic importance of acute renal failure after percutaneous
coronary intervention,” Circulation, vol. 105, no. 19, pp. 2259–
2264, 2002.

[10] L. Gruberg, G. S. Mintz, R. Mehran et al., “The prognostic
implications of further renal function deterioration within 48 h
of interventional coronary procedures in patients with pre-
existent chronic renal insufficiency,” Journal of the American
College of Cardiology, vol. 36, no. 5, pp. 1542–1548, 2000.

[11] P. A. McCullough, “Contrast-induced acute kidney injury,”
Journal of the American College of Cardiology, vol. 51, no. 15, pp.
1419–1428, 2008.

[12] H. S. Thomsen and S. K. Morcos, “Contrast media and the
kidney: European Society of Urogenital Radiology (ESUR)
guidelines,”British Journal of Radiology, vol. 76, no. 908, pp. 513–
518, 2003.

[13] R. Mehran, E. D. Aymong, E. Nikolsky et al., “A simple risk
score for prediction of contrast-induced nephropathy after
percutaneous coronary intervention: development and initial
validation,” Journal of the American College of Cardiology, vol.
44, no. 7, pp. 1393–1399, 2004.

[14] M. Joannidis and C. J. Wiedermann, “Radiocontrast-induced
acute kidney injury in the ICU: worse than presumed?” Inten-
sive Care Medicine, vol. 37, no. 12, pp. 1904–1906, 2011.

[15] A. S. Levey, L. A. Stevens, C.H. Schmid et al., “A new equation to
estimate glomerular filtration rate,”Annals of Internal Medicine,
vol. 150, no. 9, pp. 604–612, 2009.

[16] R. Bigazzi, S. Bianchi, D. Baldari, and V. M. Campese,
“Microalbuminuria predicts cardiovascular events and renal
insufficiency in patients with essential hypertension,” Journal of
Hypertension, vol. 16, no. 9, pp. 1325–1333, 1998.

[17] R. L.Magnason, O. S. Indridason, H. Sigvaldason, N. Sigfusson,
and R. Palsson, “Prevalence and progression of CRF in Iceland:
a population-based study,” The American Journal of Kidney
Diseases, vol. 40, no. 5, pp. 955–963, 2002.

[18] P. Jungers, P. Chauveau, B. Descamps-Latscha et al., “Age and
gender-related incidence of chronic renal failure in a French
urban area: a prospective epidemiologic study,” Nephrology
Dialysis Transplantation, vol. 11, no. 8, pp. 1542–1546, 1996.

[19] R. John, M. Webb, A. Young, and P. E. Stevens, “Unreferred
chronic kidney disease: a longitudinal study,” The American
Journal of Kidney Diseases, vol. 43, no. 5, pp. 825–835, 2004.

[20] J. D. Morrow and L. J. Roberts II, “The isoprostanes: current
knowledge and directions for future research,” Biochemical
Pharmacology, vol. 51, no. 1, pp. 1–9, 1996.

[21] C. Kaplan, B. Pasternack, H. Shah, and G. Gallo, “Age related
incidence of sclerotic glomeruli in human kidneys,”The Amer-
ican Journal of Pathology, vol. 80, no. 2, pp. 227–234, 1975.

[22] H. Tauchi, K. Tsuboi, and K. Sato, “Histology and experimental
pathology of senile atrophy of the kidney,” Nagoya Medical
Journal, vol. 4, pp. 71–97, 1958.

[23] K. H. Campbell and A. M. O’Hare, “Kidney disease in
the elderly: update on recent literature,” Current Opinion in
Nephrology and Hypertension, vol. 17, pp. 298–303, 2008.

[24] A. M. O’Hare, D. Bertenthal, K. E. Covinsky et al., “Mortality
risk stratification in chronic kidney disease: one size for all
ages?” Journal of the American Society of Nephrology, vol. 17, no.
3, pp. 846–853, 2006.

[25] P. J. Roderick, R. J. Atkins, L. Smeeth et al., “CKD andmortality
risk in older people: a community-based population study in
the United Kingdom,”TheAmerican Journal of Kidney Diseases,
vol. 53, no. 6, pp. 950–960, 2009.

[26] L. A. Stevens, J. Coresh, and A. S. Levey, “CKD in the elderly-
old questions and new challenges: world kidney day 2008,”The
American Journal of Kidney Diseases, vol. 51, no. 3, pp. 353–357,
2008.

[27] P. A. McCullough and K. R. Sandberg, “Epidemiology of
contrast-induced nephropathy,” Reviews in Cardiovascular
Medicine, vol. 4, supplement 5, pp. S3–S9, 2003.

[28] M. A. Albabtain, A. Almasood, H. Alshurafah, H. Alamri,
and H. Tamim, “Efficacy of ascorbic acid, N-Acetylcusteine, or
combination of both on top of saline hydration versus saline
hydration alone on prevention of contrast-induced nephropa-
thy: a prospective randomized study,” Journal of Interventional
Cardiology, vol. 26, no. 1, pp. 90–96, 2013.

[29] F. Ribichini, G. Gambaro, M. S. Graziani et al., “Comparison
of serum creatinine and cystatin C for early diagnosis of
contrast-induced nephropathy after coronary angiography and
interventions,” Clinical Chemistry, vol. 58, no. 2, pp. 458–464,
2012.

[30] O. Tenstad, A. B. Roald, A. Grubb, and K. Aukland, “Renal
handling of radiolabelled human cystatin C in the rat,” Scandi-
navian Journal of Clinical and Laboratory Investigation, vol. 56,
no. 5, pp. 409–414, 1996.

[31] L. Pucci, S. Triscornia, D. Lucchesi et al., “Cystatin C and
estimates of renal function: searching for a better measure of
kidney function in diabetic patients,”Clinical Chemistry, vol. 53,
no. 3, pp. 480–488, 2007.

[32] R. E. Katholi, W. T. Woods Jr., G. J. Taylor et al., “Oxygen free
radicals and contrast nephropathy,” The American Journal of
Kidney Diseases, vol. 32, no. 1, pp. 64–71, 1998.

[33] A. M. Sheridan and J. V. Bonventre, “Pathophysiology of
ischemic acute renal failure,” Contributions to Nephrology, vol.
132, pp. 7–21, 2001.

[34] C. Haller and I. Hizoh, “The cytotoxicity of iodinated radiocon-
trast agents on renal cells in vitro,” Investigative Radiology, vol.
39, no. 3, pp. 149–154, 2004.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


