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Abstract

community based cohort of elderly men.

Study of Adult Men(n =647, mean age 77 years).

further studies.

Background: The role of inflammation and oxidative stress in mild renal impairment in the elderly is not well
studied. Accordingly, we aimed at investigating the associations between estimated glomerular filtration rate
(eGFR), albumin/creatinine ratio (ACR), and markers of different inflammatory pathways and oxidative stress in a

Findings: Cystatin C-based GFR, ACR, and biomarkers of cytokine-mediated inflammation (interleukin-6,
high-sensitivity C-reactive protein[CRP], serum amyloid A[SAA]), cyclooxygenase-mediated inflammation (urinary
prostaglandin F2a [PGF2al]), and oxidative stress (urinary F2 isoprostanes) were assessed in the Uppsala Longitudinal

Results: In linear regression models adjusting for age, BMI, smoking, blood pressure, LDL-cholesterol,
HDL-cholesterol, triglycerides, and treatment with statins, ACE-inhibitors, ASA, and anti-inflammatory agents, eGFR
was inversely associated with CRP, interleukin-6, and SAA (B-coefficient —0.13 to —0.19, p < 0.001 for all), and
positively associated with urinary F2-isoprostanes (3-coefficient 0.09, p=0.02). In line with this, ACR was positively
associated with CRP, interleukin-6, and SAA ((3- coefficient 0.09-0.12, p < 0.02 for all), and negatively associated with
urinary F2-isoprostanes (3-coefficient —0.12, p=0.002). The associations were similar but with lower regression
coefficients in a sub-sample with normal eGFR (>60 ml/min/1.73 m2, n=514), with the exception that
F2-isoprostane and SAA were no longer associated with eGFR.

Conclusion: Our data indicate that cytokine-mediated inflammation is involved in the early stages of impaired
kidney function in the elderly, but that cyclooxygenase-mediated inflammation does not play a role at this stage.
The unexpected association between higher eGFR/lower albuminuria and increased F2-isoprostanes in urine merits
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Background

The increased risk of cardiovascular mortality in patients
with chronic kidney disease (CKD) [1,2] has been attribu-
ted to the clustering of cardiovascular risk factors seen in
these patients [1,3-5]. Untraditional cardiovascular risk
factors such as oxidative stress [6,7] and inflammation
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[8] are more prevalent in CKD patients than in normal
individuals [9], and have also been associated with ad-
verse cardiovascular outcomes [5,10-12] and progression
of renal injury in these patients [10]. These observations
suggest that oxidative stress and inflammation may have
an important role in the development of CKD. However,
the role of inflammation and oxidative stress in mild
renal impairment, particularly the role of vasoconstrctive
prostaglandin F,, and F,-isoprostanes, is not well
studied. Moreover, data on the association between
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cytokine mediated inflammation and mild renal impair-
ment in the elderly are scarce.

Cytokines (interleukin-6 [IL-6]), acute-phase proteins
(C-reactive protein [CRP], serum amyloid A protein
[SAA]), and prostaglandins (PGs) are involved in in-
flammatory responses and are used as indicators of sys-
temic inflammation. Prostaglandins of the 2-series are
formed from arachidonic acid by cyclooxygenases at
sites of inflammation, and prostaglandin F,, (PGF,,)—a
major prostaglandin—can be reliably quantified from
the stable PGF,, metabolite (15-keto-dihydro-PGF,,) in
urine [13]. F,-isoprostanes, which are prostaglandin
derivatives, are formed by free-radical-catalysed peroxida-
tion of arachidonic acid. 8-Iso-PGF,,, a major Fy-isopros-
tane, is currently regarded as one of the most reliable
indicators of in vivo lipid peroxidation and oxidative stress
[14-16].

Based on previous data, we hypothesised that inflam-
mation and oxidative stress are involved in the early
stages of the development of CKD. Accordingly, we
investigated cross-sectional associations between esti-
mated glomerular filtration rate (eGFR), albuminuria
(albumin/creatinine ratio [ACR]), plasma CRP, IL-6,
and SAA, and urinary PGF,, and F,-isoprostanes in a
community-based sample of elderly men. Moreover, we
studied two pre-specified subgroups with normal eGFR
(> 60 ml/min/1.73 m?) and ACR (< 3 mg/mmol).

Methods

Study sample

The Uppsala Longitudinal Study of Adult Men
(ULSAM) was started in 1970. All fifty-year-old men,
born in 1920-24 and living in Uppsala, Sweden, were
invited to participate in a health survey initially concen-
trating on identification of risk factors for cardiovascular
disease (described in detail at http://www.pubcare.uu.se/
ULSAMY/). The present analyses are based on the fourth
examination cycle of the ULSAM cohort, when subjects
were approximately 77 years old (1997-2001, n=839).
Of these, 647 (77%) had valid measurements of serum
cystatin C, urinary albumin/creatinine ratio, IL-6, CRP,
SAA, urinary PGF,,, F,-isoprostanes, and covariates. All
participants gave written informed consent and the Eth-
ics Committee of Uppsala University approved the study
protocol.

Clinical and biochemical evaluation

Serum cystatin C, high-sensitivity CRP, SAA, and urine
albumin were measured using a BN ProSpec nephelom-
eter (Siemens, Deerfield, IL, USA). The total analytical
imprecision of the cystatin C assay was 4.8% at 0.56 mg/L
and 3.7% at 2.85 mg/L High-sensitivity IL-6 was analysed
with an ELISA kit (IL-6 HS; R&D Systems, Minneapolis,
MN, USA). eGFR was calculated from serum
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cystatin C results in mL/min/1.73 m? by the formula
y = 77.24x 1?3, which have been shown to be closely cor-
related with iohexol clearance [17].

Urine creatinine was analysed by a modified kinetic
Jaffe reaction on an Architect Ci8200® analyser (Abbott,
Abbot Park, IL, USA) and reported in mmol/L;
creatinine-related urine albumin was calculated from the
Prospec® results. Urinary samples were analysed for
15-keto-dihydro-PGF,, , a stable metabolite of PGF,,,
with a radioimmunoassay that has been described previ-
ously in detail [18]. Urinary 15-keto-dihydro-PGF,, con-
centrations were divided by urinary creatinine levels.
Urinary F,-isoprostanes (free 8-iso-PGF,, without any
prior extraction or purification) were analysed with a
radioimmunoassay that has been described previously
[19]. Urinary 8-iso-PGF,, concentrations were divided
by urinary creatinine levels.

Plasma glucose, serum lipids, blood pressure, and body
mass index (BMI) were assessed as previously described
[20]. Diabetes mellitus was diagnosed as a fasting plasma
glucose level of>7.0 mmol/l (= 126 mg/dl), or by the
use of oral hypoglycaemic agents or insulin. Smoking
status (current smoker or non-smoker) and information
concerning pharmacological treatment was recorded
using a questionnaire. Information about hospitalisation
because of myocardial infarction, angina pectoris, ischae-
mic stroke, and heart failure was obtained from the
Swedish hospital discharge register.

Statistical analysis

Logarithmic transformation was performed to obtain a
normal distribution of urine albumin/creatinine ratio,
CRP, PGF,,, IL-6, SAA, F,-isoprostanes, glucose, and tri-
glycerides. All other variables were normally distributed.
Linear regression analyses were used to assess the cross-
sectional associations between CRP, PGF,,, IL-6, SAA,
and F,-isoprostanes (independent variables) and eGFR
and albumin/creatinine ratio (dependent variables in
separate models). We used the directed acyclic graphs
(DAG) approach to establish a parsimonious model with
minimised confounding of the effect estimates in the
statistical model B.

The following models were performed:

— Model A: age-adjusted (continuous);

— Model B: age (continuous), BMI (continuous),
smoking (binary), systolic and diastolic blood
pressure (continuous), LDL-cholesterol, HDL-
cholesterol, and triglycerides (continuous), statin
treatment (binary), ACE inhibitors, ASA, and anti-
inflammatory agents including cortisone (binary).

We also performed the above analyses in a subgroup ana-
lysis between CRP, PGF,,, IL-6, SAA, and F,-isoprostanes
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in the following pre-specified subgroups: (1) participants
with eGFR >60 ml/min/1.73 m* (n=>514), and (2) partici-
pants with ACR <3 mg/mmol (n =522).

Moreover, we performed analyses in participants with-
out anti-inflammatory agents (n=612). We also per-
formed a secondary multivariable model where diabetes
and cardiovascular disease where added to multivariable
model B (model C). The reason that diabetes and cardio-
vascular disease was not included in our primary models
was that these factors may be considered to be in the
causal pathway between inflammation and renal damage.
Moreover, we investigated the association between eGFR
and F,-isoprostanes after excluding participants with
diabetes (n=83) and individuals with the highest eGFR
(upper decile, > 95 ml/min/1.73 m? n=63) to rule out
the risk of glomerular hyperfiltration as an explanation
of our findings.

In our primary analysis, we modelled CRP, PGF,,,
IL-6, SAA, Fy-isoprostanes, eGFR, and albumin/creatinine
ratio as continuous variables (expressed as a 1-standard
deviation increase).

A two-sided p-value of<0.05 was regarded as sig-
nificant in all analyses. The statistical software package
STATA 11.0 was used (Stata Corp., College Station,
TX, USA).

Findings
Table 1 shows the characteristics of the study population.

Associations between inflammatory biomarkers, cystatin
C-based glomerular filtration rate (eGFR), and albumin/
creatinine ratio levels (ACR)

In the whole cohort, eGFR was inversely associated and
ACR was positively associated with CRP, IL-6, SAA,
when adjusting for age, BMI, smoking, systolic and
diastolic blood pressure, hypertension treatment, LDL-
cholesterol, HDL-cholesterol, triglycerides, treatment
with statin, ACE inhibitors, ASA, anti-inflammatory
agents, diabetes, and previous cardiovascular disease
(models A-C, Table 2).

After further exclusion of participants with impaired
eGFR (< 60 ml/min/1.73 m?) the association between
eGFR, CRP, and IL-6, remained statistically significant in
all models but with lower regression coefficients. No sig-
nificant association was seen between eGFR and urinary
PGF,, in the whole cohort or in participants with
eGFR >60 ml/min/1.73 m> After exclusion of partici-
pants with ACR>3 mg/mmol, ACR was found to be
positively associated with PGF,, metabolite and SAA
adjusted for age (Table 2), while no significant associ-
ation was seen in models B and C between ACR and the
inflammatory markers. The results were unaltered in a
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Table 1 Characteristics of the whole study population

Variable Whole sample (n=647)
Age (years) 775+08
Urine albumin creatinine ratio (mg/mmol) 46+194
Serum cystatin C (mg/L) 1.09+0.28
eGFR* (ml/min/1.73 m2) 736+174
Fasting plasma glucose (mmol/L) 59+13
Systolic blood pressure (mmHg) 1509+ 20.7
Diastolic blood pressure (mmHg) 813+97
Body mass index (kg/m?2) 263435
Serum triglyceride (mmol/L) 14+06
HDL cholesterol (mmol/L) 13403
LDL cholesterol (mmol/L) 35+09
Urine 15-keto-dihydro-PGF2a (nmol/mmol) 032+0.18
Serum interleukin-6 (ng/L) 39+27
Serum amyloid A protein (mg/L) 11.3£436
high sensitivity C-reactive protein (mg/L) 38+638
Urine F2-isoprostane (nmol/mmol) 020+0.10
Diabetes mellitus — n (%) 91 (14.1)
Smoking = n (%) 45 (7.0)
Dyslipidemia - n (%) 226 (34.9)
Lipid lowering treatment - n (%) 119 (184)
Cardiovascular disease — n (%) 175 (27.1)
Hypertension — n (%) 292 (45.1)
Antihypertensive treatment - n (%) 272 (42.0)
ACE-inhibitor — n (%) 109 (16.9)
ASA medicine — n (%) 193 (29.8)
Corticosteroid treatment — n (%) 26 (4.0)
Non-steroidal anti-inflammatory drugs - n (%) 35 (54)

Data are mean + SD for continuous variables and n. (%) for dichotomous
variables. *eGFR was estimated from cystatin C.

sub-sample of participants without anti-inflammatory
agents (data not shown).

Association between oxidative stress, glomerular filtration
rate, and albumin/creatinine ratio levels

In the whole cohort, eGFR was positively associated and
ACR was inversely associated with urinary F,-isoprostanes
in all multivariable models (models A—C, Table 3). After
further exclusion of participants with impaired eGFR
(< 60 ml/min/1.73 m?) and ACR >3 mg/mmol separately,
no associations were found between levels of the two
kidney markers and urinary F,-isoprostanes.

The association between eGFR and F,-isoprostanes
was essentially similar after excluding participants with
diabetes and eGFR>95 ml/min/1.73 m? (model B,
B-coefficient 0.08 [95% CI 0.005-0.15]; p = 0.04).
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Table 2 Cross-sectional associations between high sensitive C-Reactive Protein (CRP), Interleukin 6 (IL- 6),
Prostaglandin F, alpha (PGF,alpha), serum amyloid protein (SAA) and eGFR,,: and albumin creatinine ratio (ACR) at
age 77: Multivariable regression

InAlbumin creatinine ratio (ACR)
total cohort (n=647) ACR<3 mg/mmol (n=522)
B-coefficient (95% Cl) B-coefficient (95% Cl)

Cystatin C estimated glomerular filtration rate
total cohort (n=647) eGFR>60 ml/min/1.73 m? (n=514)
B-coefficient (95% Cl) B-coefficient (95% Cl)

Model A

In CRP (mg/L) —0.23 (-0.30 to —0.15)*** —0.10 (-0.17 to —0.34)** 0.11 (0.03 to 0.19) ** 0.07 (-0.04 to 0.06)
In PGF54 (nmol/mmol) —-0.01 (-0.07 to 0.08) —0.01(-0.08 to —0.05) 0.01 (-0.07 to 0.09) 0.05 (0.002 to 0.10) *
In IL-6 (ng/L) —0.28 (-0.35 to —0.20)*** —0.10 (-0.17 to —0.04) ** 0.13 (0.06 to 0.21) ** 0.01 (-0.04 to 0.05)
In SAA (mg/L) —0.15 (-0.22 t0-0.07)*** —0.05 (-0.12 to 0.02) 0.14 (0.06 to 0.21) ** 0.05 (0.002 to 0.10) *
Model B (DAG adjusted)

In CRP (mg/L) —0.19 (-0.26 to —=0.11)*** —0.09 (-0.16 to —0.02) ** 0.09 (0.01 to 0.16) * —0.01 (-0.05 to 0.04)
In PGF,4 (nmol/mmol) —0.01 (-0.07 to 0.08) —0.02 (-0.09 to 0.04) 0.01 (-0.06 to 0.09) 0.03 (-0.01 to 0.08)
In IL-6 (ng/L) —0.23 (-0.30 to —0.15) *** —0.09 (-0.16 to —0.02)* 0.11 (0.03 to 0.19) ** —0.01 (-0.05 to 0.04)
In SAA (mg/L) —0.13 (-0.21 to —0.06)** —0.05 (-0.12 to 0.02) 0.12 (0.05 to 0.20) ** 0.04 (—0.008 to 0.09)
Model C

In CRP (mg/L) —0.19 (-0.26 to —=0.11)*** —-0.09 (-0.16 to —0.02)** 0.08 (0.01 to 0.16) * —0.01 (-0.06 to 0.04)
In PGF,4 (nmol/mmol) —0.01 (-0.07 to 0.08) —0.02 (-0.09 to 0.04) —0.04 (-0.08 to 0.07) 0.03 (-0.02 to 0.08)
In 1L-6 (ng/L) —0.23 (-0.30 to —0.15)*** —0.09 (-0.16 to —0.02)** 0.09 (0.01 to 0.16) * —0.01 (-0.06 to 0.04)
In SAA (mg/L) —0.13 (-0.21 to —0.06)*** —0.05 (-0.12 to 0.02) 0.11 (0.04 to 0.19) ** 0.04 (-0.01 to 0.09)

Data are regression coefficients for a 1-SD higher In C-reactive protein (CRP), In interleukin 6 (IL- 6), In prostaglandin F; In a (PGF,,),In serum amyloid protein A
(SAA). Model A was adjusted for age; model B was adjusted according to directed acyclic graphs (DAG): age, BMI, smoking, systolic and diastolic blood pressure,
LDL, HDL, and triglyceride, statin treatment, ACE inhibitor-, ASA-, anti-inflammation-, and cortisone medication. Model C was adjusted for: age, BMI, smoking,
systolic and diastolic blood pressure, hypertension treatment, LDL, HDL, and triglyceride, statin treatment, diabetes, ACE inhibitor-, ASA-, anti-inflammation-, and
corticosteroid treatment, and CVD. * p < 0.05, **p <0.01. *** p <0.001.

Discussion

Principal findings

In this community-based sample of elderly men, reduced
eGFR and increased ACR were associated with higher
systemic CRP, IL-6, and SAA concentrations. The associ-
ation between eGFR, CRP, and IL-6 remained significant
in participants without any apparent signs of kidney dys-
function (eGFR > 60 ml/min/1.73 m?).

Our findings are in accordance with most, but not
all [21], previous community-based studies that found
independent associations between biomarkers of cyto-
kine-mediated inflammation (C-reactive protein, tumor
necrosis factor alpha, interleukin-6, and fibrinogen)
and eGFR, measured with serum creatinine [22-25],
cystatin C [8,26], and albuminuria [25,27,28]. We are
aware of one previous study that have reported these

Table 3 Cross-sectional associations between oxidative stress (urinary F,-Isoprostanes) and eGFR.y; and albumin

creatinine ratio (ACR) at age 77: Multivariable regression

Cystatin c estimated glomerular filtration rate

InAlbumin creatinine ratio (ACR)

total cohort
(n=647)

eGFR > 60 ml/min/1.73 m?
(n=514)

total cohort
(n=647)

ACR <3 mg/mmol
(n=522)

B-coefficient (95% Cl)

B-coefficient (95% Cl)

B-coefficient (95% Cl) B-coefficient (95% Cl)

Model A
In F2-isoprostane (nmol/mmol) 0.08 (0.006 to 0.16)*

Model B (DAG adjusted)

0.04 (-0.03 to 0.11)

—0.13 (=0.20 to —0.05) *** 0.004 (—=0.04 to 0.05)

In F2-isoprostane (nmol/mmol) 0.09 (0.02 to 0.17)* 0.03 (—0.03 to 0.10) —0.12 (=0.19 to —0.04) ** 0.0008 (—0.05 to 0.05)

Model C

In F2-isoprostane (nmol/mmol) 0.09 (0.01 to 0.16)* 0.03 (—0.04 t0 0.10) —0.12 (-=0.20 to —0.05) *** —0.001 (=0.05 to 0.05)

Data are regression coefficients for a 1-SD urinary In F2-isoprostanes. Model A was adjusted for age; model B was adjusted according to directed acyclic graphs
(DAG): age, BMI, smoking, systolic and diastolic blood pressure, LDL, HDL, and triglyceride, statin treatment, ACE inhibitor-, ASA-, anti-inflammation-, and cortisone
medication. Model C was adjusted for: age, BMI, smoking, systolic and diastolic blood pressure, hypertension treatment, LDL, HDL, and triglyceride, statin
treatment, diabetes, ACE inhibitor-, ASA-, anti-inflammation-, and corticosteroid treatment, and CVD. * p < 0.05, **p <0.01. *** p < 0.001.
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associations in elderly individuals without any apparent
signs of kidney damage or dysfunction [8]. Systemic
inflammation has been considered to be a risk factor
for CKD, but may also represent a common pathway
by which cardiovascular risk factors interact to amplify
renal injury [9,29].

To our knowledge, this is the first study to have inves-
tigated the association between markers of kidney dam-
age and dysfunction and in vivo PGF,, concentrations.
However, no independent associations were seen be-
tween these markers of kidney pathology and urinary
PGF,, metabolite in this study, indicating that
cyclooxygenase-mediated inflammation is not involved
in the early stages of chronic kidney disease.

Surprisingly, increased eGFR and reduced ACR were
associated with higher levels of urinary F,-isoprostanes
in the whole cohort. Since oxidative stress is suggested
to play an important role in the development of kidney
disease, based on experimental studies [30,31], this find-
ing was contradictory to what we originally hypothe-
sised. Yet, a similar finding was seen in a recent study
from the Framingham Offspring Study, where indivi-
duals with CKD had lower urinary isoprostanes than
individuals without CKD [25]. In contrast, a study on
obese children [32] failed to show any linear correlation
between plasma cystatin C, albuminuria, and urinary
F,-isoprostanes.

The unexpected associations found between kidney
biomarkers and intact urinary F,-isoprostanes in the
present study may possibly be related to the fact that F,-
isoprostanes were quantified in urine but not in plasma
[33]. Studies have shown that patients with manifested
moderate to severe chronic kidney disease [9] and dialy-
sis patients [6,7,29,34] have higher plasma concentrations
of F,-isoprostane than healthy subjects. Furthermore, an
inverse correlation was shown between eGFR and plasma
F,-isoprostanes in hypertensive patients [29]. The kidney
is one of the major sites of both 15-prostaglandin de-
hydrogenase (15-PGDH) and A'’-reductase, the two
major enzymes that metabolise prostaglandins and F,-
isoprostanes to 15-keto-dihydro-metabolites for further
degradation to more polar - and w-oxidised products in
the liver before excretion together with unmetabolised
primary PGF,, and F,-isoprostanes [35,36]. Perhaps the
discrepancy in plasma and urine may be explained by
the possibility that impairment of these enzymes in the
kidney affects both the metabolism and further excretion
of intact F,-isoprostanes into the urine, although to
our knowledge this has not been reported. The fact that
the positive association between eGFR and urinary F,-
isoprostanes was essentially similar after excluding parti-
cipants with diabetes and individuals with the highest
eGFR indicates that glomerular hyperfiltration does not
explain the unexpected findings.
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The strengths of our investigation include the
homogenous, community-based study sample with
detailed characterisation of glucometabolic variables, car-
diovascular risk factors, and lifestyle factors. Some limita-
tions of our study must also be discussed. As we only
examined men of the same age and of similar ethnic
background, the degree of generalizability to women or
to other ages and ethnic groups is unknown. Further-
more, we did not use the gold standard method to meas-
ure GFR (clearance measurements with exogenous
substances), as this method is generally not feasible in
large study samples. Also, our cystatin C assay was not
calibrated to the new international reference standard
[37,38]. Moreover, as no data on serum creatinine was
available, we were unable to use the recently proposed
GEFR equation that incorporates both calibrated cystatin
C and creatinine [39]. However, the cystatin C-based
GFR equation used in the present study [17] has been
shown to be closely associated with GFR measured with
iohexol clearance also in individuals with GER in the nor-
mal range. This study was also limited by the use of a sin-
gle urine collection for assessment of ACR. Yet, any
potential bias from variations in ACR and GFR levels
would most likely conservatively bias our regression esti-
mates. Moreover, no conclusions regarding causality
should be drawn from our cross-sectional observational
data. Finally, we cannot rule out that participants with
unidentified inflammatory disease may have influenced
the associations, but as this is a healthy community
based-sample, this potential bias is not likely to be major.

Conclusions

Our data indicate that cytokine-mediated inflammation
is involved already in the early stages of impaired kidney
function in the elderly, but that cyclooxygenase-mediated
inflammation does not appear to play a role at this stage.
Whether anti-inflammatory therapies are effective in
slowing down the deterioration of kidney function in the
elderly remain to be established. In order to clarify the
relevance and the underlying pathophysiology of the unex-
pected association between higher urinary F,-isoprostane
concentrations and higher eGFR/lower albuminuria, fur-
ther experimental studies are needed.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

Conception or design, or analysis and interpretation of data. Drafting of the
article or revising it. Providing intellectual content of critical importance to
the work described. Final approval of the version to be published. All authors
read and approved the final manuscript.

Acknowledgements

This study was supported by the Swedish Research Council (2006-6555), the
Swedish Heart-Lung Foundation, the Thureus Foundation, Dalarna University
and Uppsala University and the Swedish Society of Medical Research. The



Nerpin et al. BMC Research Notes 2012, 5:537
http://www.biomedcentral.com/1756-0500/5/537

sources of funding did not play any role in the design or conduction of the
study; in collection, management, analysis, or interpretation of the data; and
in preparation, review, or approval of the manuscript. There are no conflicts
of interest for any of the authors.

Author details

'Department of Public Health and Caring Sciences/Geriatrics, Uppsala
University, SE- 751 85, Uppsala, Sweden. “Department of Public Health and
Caring Sciences/Clinical Nutrition and Metabolism, Uppsala University, SE-751
85, Uppsala, Sweden. *Department of Public Health and Caring Sciences/
Oxidative stress and Inflammation, Uppsala University, SE-751 85, Uppsala,
Sweden. 4Departmem of Medical Sciences, Acute and Internal Medicine,
Uppsala University, SE-751 85, Uppsala, Sweden. °Clinical chemistry,
University hospital, SE-751 85, Uppsala, Sweden. ®Uppsala Clinical Research
Centre, Uppsala University, SE-752 37, Uppsala, Sweden. "Department of
Medical Epidemiology and Biostatistics, Karolinska Institutet, SE-171 77,
Stockholm, Sweden. ®Biochimie, Biologie Moléculaire et Nutrition, Faculté de
Pharmacie, Université d'Auvergne, Clermont-Ferrand, 63001,
Clermont-Ferrand cedex 1, France. “School of Health and Social Studies,
Dalarna University, SE-79188, Falun, Sweden.

Received: 5 May 2012 Accepted: 22 September 2012
Published: 27 September 2012

References

1. Foley RN, Murray AM, Li S, Herzog CA, McBean AM, Eggers PW, Collins AJ:
Chronic kidney disease and the risk for cardiovascular disease, renal
replacement, and death in the United States Medicare population, 1998
to 1999. J Am Soc Nephrol 2005, 16:489-495.

2. Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S: Renal insufficiency as a
predictor of cardiovascular outcomes and the impact of ramipril: the
HOPE randomized trial. Ann Intern Med 2001, 134:629-636.

3. Coresh J, Longenecker JC, Miller ER 3rd, Young HJ, Klag MJ: Epidemiology
of cardiovascular risk factors in chronic renal disease. / Am Soc Nephrol
1998, 9:524-S30.

4. Muntner P, He J, Astor BC, Folsom AR, Coresh J: Traditional and
nontraditional risk factors predict coronary heart disease in chronic
kidney disease: results from the atherosclerosis risk in communities
study. J Am Soc Nephrol 2005, 16:529-538.

5. McCullough PA, Soman SS, Shah SS, Smith ST, Marks KR, Yee J, Borzak S:
Risks associated with renal dysfunction in patients in the coronary care
unit. J Am Coll Cardiol 2000, 36:679-684.

6. lkizler TA, Morrow JD, Roberts LJ, Evanson JA, Becker B, Hakim RM, Shyr Y,
Himmelfarb J: Plasma F2-isoprostane levels are elevated in chronic
hemodialysis patients. Clin Nephrol 2002, 58:190-197.

7. Himmelfarb J, Stenvinkel P, Ikizler TA, Hakim RM: The elephant in uremia:
oxidant stress as a unifying concept of cardiovascular disease in uremia.
Kidney Int 2002, 62:1524-1538.

8. Keller CR, Odden MC, Fried LF, Newman AB, Angleman S, Green CA,
Cummings SR, Harris TB, Shlipak MG: Kidney function and markers of
inflammation in elderly persons without chronic kidney disease: the
health, aging, and body composition study. Kidney Int 2007, 71:239-244.

9. Oberg BP, McMenamin E, Lucas FL, McMonagle E, Morrow J, kizler TA,
Himmelfarb J: Increased prevalence of oxidant stress and inflammation in
patients with moderate to severe chronic kidney disease. Kidney Int 2004,
65:1009-1016.

10.  Dounousi E, Papavasiliou E, Makedou A, loannou K, Katopodis KP, Tselepis A,
Siamopoulos KC, Tsakiris D: Oxidative stress is progressively enhanced
with advancing stages of CKD. Am J Kidney Dis 2006, 48:752-760.

11, Shlipak MG, Fried LF, Cushman M, Manolio TA, Peterson D, Stehman-Breen
C, Bleyer A, Newman A, Siscovick D, Psaty B: Cardiovascular mortality risk
in chronic kidney disease: comparison of traditional and novel risk
factors. JAMA 2005, 293:1737-1745.

12. Mallamaci F, Tripepi G, Cutrupi S, Malatino LS, Zoccali C: Prognostic value
of combined use of biomarkers of inflammation, endothelial
dysfunction, and myocardiopathy in patients with ESRD. Kidney Int 2005,
67:2330-2337.

13. Basu S: Novel cyclooxygenase-catalyzed bioactive prostaglandin F2alpha
from physiology to new principles in inflammation. Med Res Rev 2007,
27:435-468.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 6 of 7

Basu S: F2-isoprostanes in human health and diseases: from molecular
mechanisms to clinical implications. Antioxid Redox Signal 2008,
10:1405-1434.

Kadiiska MB, Gladen BC, Baird DD, Graham LB, Parker CE, Ames BN, Basu S,
Fitzgerald GA, Lawson JA, Marnett LJ, et al: Biomarkers of oxidative stress
study Il Effects of the nonsteroidal anti-inflammatory agents
indomethacin and meclofenamic acid on measurements of oxidative
products of lipids in CCl4 poisoning. Free Radic Biol Med 2005, 38:711-718.
Roberts LJ, Morrow JD: Measurement of F(2)-isoprostanes as an index of
oxidative stress in vivo. Free Radic Biol Med 2000, 28:505-513.

Larsson A, Malm J, Grubb A, Hansson LO: Calculation of glomerular
filtration rate expressed in mL/min from plasma cystatin C values in
mg/L. Scand J Clin Lab Invest 2004, 64:25-30.

Basu S: Radioimmunoassay of 15-keto-13,14-dihydro-prostaglandin
F2alpha: an index for inflammation via cyclooxygenase catalysed lipid
peroxidation. Prostaglandins Leukot Essent Fatty Acids 1998, 58:347-352.
Basu S: Radioimmunoassay of 8-iso-prostaglandin F2alpha: an index for
oxidative injury via free radical catalysed lipid peroxidation.
Prostaglandins Leukot Essent Fatty Acids 1998, 58:319-325.

Helmersson J, Vessby B, Larsson A, Basu S: Association of type 2 diabetes
with cyclooxygenase-mediated inflammation and oxidative stress in an
elderly population. Circulation 2004, 109:1729-1734.

Pruijm M, Ponte B, Vollenweider P, Mooser V, Paccaud F, Waeber G,
Marques-Vidal P, Burnier M, Bochud M: Not all inflammatory markers are
linked to kidney function: results from a population-based study.

Am J Nephrol 2012, 35:288-294.

Stuveling EM, Hillege HL, Bakker SJ, Gans RO, De Jong PE, De Zeeuw D:
C-reactive protein is associated with renal function abnormalities in a
non-diabetic population. Kidney Int 2003, 63:654-661.

Shlipak MG, Fried LF, Crump C, Bleyer AJ, Manolio TA, Tracy RP, Furberg CD,
Psaty BM: Elevations of inflammatory and procoagulant biomarkers in
elderly persons with renal insufficiency. Circulation 2003, 107:87-92.
Muntner P, Hamm LL, Kusek JW, Chen J, Whelton PK, He J: The prevalence
of nontraditional risk factors for coronary heart disease in patients with
chronic kidney disease. Ann Intern Med 2004, 140:9-17.

Upadhyay A, Larson MG, Guo CY, Vasan RS, Lipinska I, O'Donnell CJ,
Kathiresan S, Meigs JB, Keaney JF Jr, Rong J, et al: Inflammation, kidney
function and albuminuria in the Framingham Offspring cohort. Nephrol
Dial Transplant 2011, 26:920-926.

Keller C, Katz R, Cushman M, Fried LF, Shlipak M: Association of kidney
function with inflammatory and procoagulant markers in a diverse
cohort: a cross-sectional analysis from the Multi-Ethnic Study of
Atherosclerosis (MESA). BMC Nephrol 2008, 9:9.

Kshirsagar AV, Bomback AS, Bang H, Gerber LM, Vupputuri S, Shoham DA,
Mazumdar M, Ballantyne CM, Paparello JJ, Klemmer PJ: Association of
C-reactive protein and microalbuminuria (from the National Health and
Nutrition Examination Surveys, 1999 to 2004). Am J Cardiol 2008,
101:401-406.

Sabanayagam C, Lee J, Shankar A, Lim SC, Wong TY, Tai ES: C-reactive
protein and microalbuminuria in a multi-ethnic Asian population.
Nephrol Dial Transplant 2010, 25:1167-1172.

Cottone S, Mule G, Guarneri M, Palermo A, Lorito MC, Riccobene R, Arsena
R, Vaccaro F, Vadala A, Nardi E, et al: Endothelin-1 and F2-isoprostane
relate to and predict renal dysfunction in hypertensive patients. Nephrol
Dial Transplant 2009, 24:497-503.

Chade AR, Best PJ, Rodriguez-Porcel M, Herrmann J, Zhu X, Sawamura T,
Napoli C, Lerman A, Lerman LO: Endothelin-1 receptor blockade prevents
renal injury in experimental hypercholesterolemia. Kidney Int 2003,
64:962-969.

Cheng ZJ, Vaskonen T, Tikkanen I, Nurminen K, Ruskoaho H, Vapaatalo H,
Muller D, Park JK, Luft FC, Mervaala EM: Endothelial dysfunction and
salt-sensitive hypertension in spontaneously diabetic Goto-Kakizaki rats.
Hypertension 2001, 37:433-439.

Savino A, Pelliccia P, Giannini C, de Giorgis T, Cataldo |, Chiarelli F, Mohn A:
Implications for kidney disease in obese children and adolescents.
Pediatr Nephrol 2011, 26:749-758.

Halliwell B, Lee CY: Using isoprostanes as biomarkers of oxidative stress:
some rarely considered issues. Antioxid Redox Signal 2010, 13:145-156.
Handelman GJ, Walter MF, Adhikarla R, Gross J, Dallal GE, Levin NW,
Blumberg JB: Elevated plasma F2-isoprostanes in patients on long-term
hemodialysis. Kidney Int 2001, 59:1960-1966.



Nerpin et al. BMIC Research Notes 2012, 5:537
http://www.biomedcentral.com/1756-0500/5/537

35.

36.

37.

38.

39.

Basu S, Sjoquist B, Stjernschantz J, Resul B: Corneal permeability to and
ocular metabolism of phenyl substituted prostaglandin esters in vitro.
Prostaglandins Leukot Essent Fatty Acids 1994, 50:161-168.

Basu S: Metabolism of 8-iso-prostaglandin F2alpha. FEBS Lett 1998,
428:32-36.

Grubb A, Blirup-Jensen S, Lindstrom V, Schmidt C, Althaus H, Zegers |:

First certified reference material for cystatin C in human serum
ERM-DA471/IFCC. Clin Chem Lab Med 2010, 48:1619-1621.

Blirup-Jensen S, Grubb A, Lindstrom V, Schmidt C, Althaus H:
Standardization of Cystatin C: development of primary and secondary
reference preparations. Scand J Clin Lab Invest 2008, 241:67-70.

Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, Kusek
JW, Manzi J, Van Lente F, Zhang YL, et al: Estimating glomerular filtration
rate from serum creatinine and cystatin C. N Engl J Med 2012, 367:20-29.

doi:10.1186/1756-0500-5-537

Cite this article as: Nerpin et al.: Inflammation, oxidative stress,
glomerular filtration rate, and albuminuria in elderly men: a cross-
sectional study. BMC Research Notes 2012 5:537.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Findings
	Results
	Conclusion

	Background
	Methods
	Study sample
	Clinical and biochemical evaluation
	Statistical analysis

	Findings
	Associations between inflammatory biomarkers, cystatin &b_k;C-&e_k;&b_k;based&e_k; glomerular filtration rate (eGFR), and albumin/creatinine ratio levels (ACR)
	Association between oxidative stress, glomerular filtration rate, and albumin/creatinine ratio levels

	Discussion
	Principal findings

	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


