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Abstract 
J3 ackj!,rouncl: lRCU is traditionally considered as life­
style disease (associations with, among others, over­
weight, obesity, hyper tension, type-2 diabetes), arising 
from excess, in 24 h urine, of calcium (Ca) salts (calci­
um oxalate (CaOx) , calcium phosphate (CaPi)), super­
saturation o f, and crystallization in, tubular fluid and 
urine, causing crystal-induced epithelial cell damage, 
proteinuria, crystal aggregation and uroliths. 
i\II ethocls: Another picture emerges from the present 
uncontrolled study of 154 male adult IRCU patients 
(75 stone-bearing (SB) and 79 age-matched stone-free 
(SF)), in whom stone-forming and o ther parameters in 
fasting urine and plasma were contrasted \vith five bio­
markers (see footnote) of oxidative metabolism (OM), 
without and with variation of markers. 
Remits: 1) In SB vs. SP unstrati fied OM biomarkers 
were statistically unchanged, but the majority of pa­
tients was overweight; despite, in SB vs. SF urine pH, 
tOtal and non-albumin p rotein concentration were ele­
vated, fractional urinary uric acid excretion and blood 
bicarbonate decreased, whereas urine volume, sodium, 
supersaturati on with CaO x and CaPi (as hydroxyap­
atite) were unchanged; 2) upon variation o f OM mark­
ers (stra ta below and above median) numerous stone 
parameters differed significantly, among others urine 
volume, total protein, Ca/ Pi ratio, pH, sodium, potas­
sium, plasma Ca/ Pi ratio and parathyroid hormone, 
blood pressure, renal excretion of non-albumin pro­
tein and o ther substances; 3) a significant shift from 
SF to SB patients occurred with increase of urine pH , 
decrease of blood bicarbonate, and increase o f dias­
tolic blood pressure, whereas increase of plasma uric 
acid impacted only marginally; 4) in both SF and SB 
patients a strong curvilinear re lationship links a rise of 
urine Ca/Pi to urine Ca/Pi divided by plasma Ca/Pi, 

* This work is dedicated to Professor Alfred Sigel, former 
bead of Department of Urology, University of F.rlangen­
Ni.irnberg, Germany, for his long-standing interest in and 
strong suppon of renal stone research. 

but in SB urine Ca/Pi fai led to correlate significantly 
with urine hydroxyapatite supersaturation; 5) also in 
SR, plasma Ca/Pi and urinary ni trate were negatively 
correlated, whereas in SF plasma Ca/Pi ratio, PTH 
and body mass index correlated positively; 6) multi­
variate regression analysis revealed that PTH, body 
mass index and nitrate together could explain 22 (p = 
0.002) and only 7 (p = 0.06) per cent of variation of 
plasma Ca/ Pi in SF and SB, respectively. 
Concltt.rions: l n TRCU a) numerous constituents of 
fas ting urine, plasma, blood and blood pressme 
change in response to variation of 01vi biomarkers, 
suggesting involvement o f OM imbalance as factor in 
functional deterioration of tissue; b) in the majori ty of 
patients a positive exponential relationship li nks urine 
Ca/Pi to urine Ca/ Pi divided by plasma Ca/Pi, p re­
sumably to accumulate Ca outs ide tubula r lumen, 
thereby minirni7. ing intratubular and urinary Ca salt 
crystallization; c) alteration of interactions of low 
urine nitrate, [YfH and Ca/Pi in plasma may be of im­
portance in formation o f new Ca stone and co-rebrula­
tion of dynamics of blood vasculature; d) overweight, 
combined with OM-modified renal interstitial environ­
ment appears to facilitate these processes, carrying the 
risk that CaPi mineral develops within or/and close to 
blood vessel tissue, and spreads towards urothelium. 

For future research focussing on IRCU pathogene­
sis studies are recommended on the role of affluent 
lifestyle mediated renal ischemia, m ild hypertensive 
nephropathy, rise o f uric acid precursor oxypurines 
and uri cemia, clarifying also why loss of signi ficance 
of interrelationships of OM biomarkers with tradi­
tional Ca stone risk factors is characteristic for SB pa­
tients. 

OM biomarkers 
Plasma uric acid - Discussed as scavenger of reactive 
oxygen species, but also as donator (via the xanthine 
oxido-reductase reaction) 
Urinary malonedialdehyde - Accepted as indicator of 
peroxidation o f lipids within biological cell mem­
branes 
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Urinary nitrate - Accepted as indicator of vasodila­
tion-mediating nitric oxide production by blood vessel 
endothelium 
Urinary malonedialdehyde/Plasma uric acid - Tenta­
tive markers of oxidant/ antioxidant imbalance 
Urinary nitrate / Plasma uric acid - Tentative markers 
of oxidant/ antioxidant imbalance 

K~J' JJJOrd.r: Idiopathic Recurrent Calcium Urolithiasis 
-New stones absent or present- Oxidative and nitra­
tive metabolism - Variation of biomarkers - State o f 
stone parameters 

I NTROD UCTION 

The pathophysiology of IRCU is multifactorial, in­
cluding both influences of environment and intrinsic 
metabolism l1 j; details are insufficien tly understood 
and a unifying concept is not in sight. In work pub­
lished until present two opposing theories compete: 
One, worked out between 1960 - 1980 lsee ref. 2], is 
based on physico-chemistry, ascribing formation of 
calcium (Ca) stones to supersaturation (SS) of tubular 
fluid and urine with more or less soluble salts and sub­
stances such as Ca oxalate (CaOx), Ca and inorganic 
phosphate (CaPi), uric acid (UA), followed by crystal­
lization, crystal adhesion to and incorpmation by 
tubular epithelial cells, with microlith formation being 
a secondary step l2, 3]. Another theory, formulated 
earlier and at that time neglecting urinary supersatura­
tion and crystallization as primary events [4], favors 
stone formation as process starting from renal intersti­
tial areas (so-called plaques) l4, 5] which, from yet un­
known reasons, are characterized by hydroxyapatite 
(HAP) content [6]. This crys tallized Ca-rich mineral 
forms preferentially in plaques of stone forming males 
[5J from excess of Ca over Pi (Ca/Pi) r11, i.e., indepen­
dent of fluid volume (i nterstitial fluid, urine) and uri ­
nary SS(U-SS)- HAP. Also, generation of HAP-con­
taining plaques from amorphous CaPi requires an al­
kaline environment l8], as prevails in renal interstitial 
tissue. Plagues were described as located in close vicin­
ity to basolateral membranes of tubular epithelium 
and blood vessels (vasa recta) [4, 6, 9], and high blood 
pressure (BP) was found to be the only clinical para­
meter correlating with plaques [9]. Thus, investigators 
of lRCU pathogenesis are forced to consider one or 
more systemic factors the presence of which may or 
may not lead to clinically detectable stone as end- . 
point, independent of a urinary crystal- and stone-ini­
tiating role of urinary SS. To approach a solution, bet­
ter knowledge of the metabolic environment of Ca 
stone-bearing (SB) vis-a-vis stone-free (SF) patients 
appears indispensable, a goal to achieve by a much 
broader laboratory program [1 01 than hitherto prac­
ticed in clinical stone centers. More specifically, infor­
mation is required no t only on the state of renal 
glomerular and tubular function, urine Ca, Pi, Ca/Pi, 
SS-HAP, SS-CaOx and proteins, but also on minerals 
and proteins in systemic plasma, blood acid-base data, 
BP, body mass index (BMI) and age, thoughts insuffi ­
ciently pursued by us in earlier work [1 0, 11]. 

Prom database of analyzed biosamples of our 
IRCU patients a preliminary impression was that SB 

and SF patients differ in several regards: In SR, but not 
SF patients high H AP supersaturation of fasting urine 
was found associated with higher urine pH and higher 
blood bicarbonate (HC03- ) ; when HAP supersatura­
tion was low, the urinary molar Ca/ Pi ratio was low 
too, and vice versa; conversely, in SF patients lower 
plasma uric acid (UA) was found associated with renal­
tubular loss of Ui\., and uricemia appeared to vary in­
versely with U-SS- I IAP, directly with BP. Knowledge 
on the role(s) played by UA, especially as biomarker of 
oxidative metabolism (OM), i.e., as factor in the main­
tenance of oxidant/ antioxidant balance is incomplete 
in a number of diseases l12, 13]; on the other hand, 
damage of vascular tissue and modulation of BP arc 
sequelae of overproduction of reactive oxygen species 
(ROS) and/or deficient ROS scavenging, or both l14, 
151. From such observations we reasoned that malreg­
ulation of OM could be a systemic factor capable of 
paving the way for development of a metabolic envi­
mnment, in turn allowing tha t disordered Ca and Pi 
levels develop in blood and urine, with formation of 
new Ca stone, and eventually, a rise o f BP as sec­
ondary events. To obtain better information, a plat­
form of data is needed from which new testable hy­
potheses can be formulated. 

The following uncontrolled study is an extension ot~ 
and to some degree summarizing, our previous reports 
in this area [1 1, 16 - 20]. T he focus was on several 
questions: 1) arc the levels of bio markers (see below) 
different, depending on whether SF or SB patients are 
studied; if not, in which other regards arc these subsets 
of patients different; 2) are traditional Ca stone risk 
parameters subj ect to modulation by variation of bio 
markers; 3) which facto rs influence the frequency dis­
tribution of SP and SB patients; 4) study of interrela­
tionships of variables and, if helpful in understanding 
events involved in formation of new Ca stone, to com­
ment a possible initiating role of OM. 

N{.A'fERIAL AND METHODS 

PATIENTS 

The da tabase of a total of 154 adult middle-aged male 
IRCU patients allowed to recruit a roughly ec1ual num­
ber for SB and SF subsets. Details of the general crite­
ria of participants, including the clinically assessed ac­
ti}[ity of Ca stone formation (ASFP) in the two years 
preceding the laboratory examination (see below) were 
earlier described p 1, 16]. In brief: European residents 
of the Nor th Bavarian region in Germany, experience 
of more than one stone episode in the past, IRCU di­
agnosis by KUB, stone analysis by X-ray diffractome­
try, petrographic microscopy and wet-chemical analy­
sis, respectively, with stone analysis confirming that in 
approx. two thirds CaOx (as di- and mono-hydrate) 
was dominan t over CaPi (as HAP or precursors), de­
spite absence of CaOx crystals but abundance of non­
crystallized (amorphous) Ca Pi (Ca/Pi :S1.0) in fasting 
urine [21] as studied herein (see below). J\dditional re­
quirements were absence o f gastroi ntestinal surgeries, 
especially gut resections, urinary tract infection (bacil ­
lus proteus, others), hematuria (dipstick-positive 
urine), oxaluria (~0.5 mM in 24 h urine), o ther sys­
temic disorders (pHPT, RTJ\, diabetes mellitus, gout), 
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cystitis and urethritis, with the latter two minimizing 
that post-renal proteinuria was caused by them. Final­
ly, all patients negated anti-stone medication, vitamin 
and mineral supplementation of daily food during the 
past 6 weeks, and all were advised to omit intake of 
oxalate- and salt (sodium chloridc)-rich food and to 
drink but tap water during th e 12 - 15 h night period 
preceding the ambulatory laboratory examination (sec 
below). After the study goals were communicated, all 
agreed to investigations carried out accordi ng to the 
principles of the D eclaration of Helsin ki . 

C LI N ICAL L ABOK I\TORY P KOGRAi\1 

All data reported herein were obtained from a stan­
dardized ambulatory examination, as outl ined in detail 
elsewhere p 01. T he basis was the fas ting period [10] 
du ring which patients stayed in the laboratory (after at 
home collection o f a 24 h urine that serves for exclu­
sion of mild hyperoxaluria), measurem ent of blood 
pressure (twice in a recumbent position at the non­
dominant forearm), stimulation of diuresis by drinking 
of 300 ml distilled water to achieve approx. 1 ml urine 
flow per min, puncture of an car vein (for immediate 
blood gas analysis), withdrawal of venou s blood wi th­
out stasis from the pre-warmed non-dominant fore­
arm, and bladder voiding. Aliquots o f plasma and pa­
per-fi ltered urine from the exactly timed 2 h fasting 
period l1 0] were prepared, and either immediately ana­
lyzed or stored at -80°C. 

OM 13JCJ,vl i\ KKERS 

T hree substances were selected, in addition two ratios: 
1) UA concentra tion in plasma; at present widely 

conceived as ROS scavenger [22, 23"1, there are argu­
ments that it is not this mode alone through which 
p lasma UA contributes to OM balance or imbalance 
[23, 24] : T he cytoplasmic UA-synthcsizing xanthine 
(Xi\) oxido-reductase (XOR) is renally expressed, but 
outside glomerula [26], releases ROS 125] and thereby 
diminishes the ROS scavenging capacity of UA; in ad­
dition, ab initio low uricemia, for example owing to 
dcfeqive renal tubular UA reabsorption 127], can ac­
count for in sufficient ROS scavenging by UA. There­
fo re, erroneous conclusions may be drawn from iso­
lated consideration of plasma UA in vivo l22]. 

2) 1vialonedialdchyde (MDA), a major product from 
ROS interactions \.Vith lipid and lipoprotein (pcroxida­
tion) containing cell membranes f28] ; high MDA is 
considered to indicate deterioration of trans-mem­
brane transport function fo r vitally important sub­
stances, Ca ions included [29]. 

3) Nitrate (NIT), an oxidation product of the blood 
microvasculature dilating nitric oxide (r 0 ) of en­
dothelial origin [30J; urinary NIT is accepted as mark­
er o f total NO production [31, 321- H owever, N O can 
act also as free radical fnitrativc stress; 33, 34J and high 
NO production can exert dual actions l34, 35]. 

4) The ratios MDA/UA and 5) N TT / UA were in tro­
duced as possible markers of oxidant/antioxidan t im­
balance, attempting to disen tangle the above-men­
tioned intertwined in vivo situation (simultaneous 
presence of oxidants and antioxidants) . 

STUDY O F.SIGN 

T he overlap of patients in present and previous work, 
following substantially different strategies [19, 20], 
was about 95%. T he study was retrospective, observa­
tional, cross-sectional and correlative (healthy control 
individuals were not included). The ranges o f ASFP, 
age and I3 MI (measured in laboratory), were kept 
roughly comparable in Sl3 and SF. Results were 
p resented in five sections, wi th considerable comple­
mentary and supportive data packages (from sections 
3, 4, 5) being incorporated into APPE N DTX (APP; 1, 
II, 111). 

ANAlYSES, C \ I.CULATIOt'\S, STATIST IC:S 

Routine methods or well-established techniques were 
utilized for analyzing urine, plasma and blood. Most of 
these were previously reported [1 0, 11, 16, 201, includ­
ing the 14 analytes entering the calculation (see below) 
of urinary supersaturation (U-SS), urinary total p ro­
rein and albumin (colorimetry and immuno-nephclom­
etry, respectrively) . Excep tions were the usc o f high 
performance liquid chmmatography for O x in plasma 
ultra fil tratc [36), urinary i\IIDA l37], NIT [38J, hypox­
anthine (1 IX) and XL\. (both reported as indicators of 
hypoxia and hypoxia-mediated cellular ATP depletion 
[39, 40J, commercial kits for radioimmunoassays o f plas­
ma intact (amino acid sequence 1-84) parathyroid hor­
mone (PTH), 1,25-dihydroxyvitamin 0 3 (1,25(0 1 I)zD) 
and arginine-vasopressin (AVP), the former two 
bought from Nichols Tnstitutc, Bad Nauheim, Ger ­
many, the latter from Diagnostics Systems Laborato­
ries, Sinshcim, Germany. Plasma osmolarity was mea­
sured by frce?:ing point depression (Osmometer, 
Knauer, Berlin, Germany) . 

Calculations included plasma non-albumin protein 
(N-Alb-P; as difference between total protein and albu­
min), U-SS-1-IAP and U-SS-CaOx (expression as free 
energy (D G), see ref. l41]), renal clearance of endoge­
nous creatin ine, fractional excretion (FE) of minerals 
and other substances. In numerous instances log10 

t ransformation of numerical values led to symmetric 
distribution, allowing applicati on of Student's t-tcst. 
Categorical data were compared by Chi-sqlJarc and the 
more sensitive Fisher's exact test. l'or practical purpos­
es me11p values (SE) are given, exceptionally mean and 
range. T he level of significance of differences was tak­
en as p.:S0.05. Prom large matrices (simple correlations), 
constructed for unclassified IRCU (SF+ SB) and sepa­
rately for SF and SB subsets, interrelations and deter­
minants (multivariate logistic (forward and backward) 
regression analysis; MRA) were iden tifi ed using the 
software STATISTl CA (Statsoft, Tulsa, OK; USL\.). 

R ESUI.TS 

Sl'.CTION 1 

Unstratified OM bio111arkers in .lTl and SF sttlmts of 
IRCU 
l n SB and Sl' patients the mean values of the five 
markers, age and BMl were statistically indjstinbrtush­
able, and so was the mean higher ASFP in SB subset. 
BMT of the 154 patients was as follows: overweight 
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To/;/e 1. 'Biomarkers of oxidative metabo lism (i\- E) in the SR and SF subsets o f 154 IRCU male patients. For 
other abbreviations and further informations see footnotes and texc. 

Code" 

A* B c D 

SB: 
nh 75 75 75 65 

Range of values 159-535 27-3 15 74-105 1 48-548 

Mean 355 132 312 132 

Age; y 43.0 (1.9)0 42.7 (I .9) 42.7 ( 1.8) 42.4 (2.0) 

BMT; kg/(m)2 26.5 (0.4) 26.6 (0.4) 26.5 (0.4) 26.6 (0.4) 

ASFP; score 40 (6) 40 (6) 40 (6) 40 (7) 

SF: 
n 79 79 79 52 

Range of values 2 17-593 25-345 86-902 28-489 

Mean 360 131 3 84 140 

p-value 0.18 0.24d 0 .17d 0.32d 

Agc;y 40.7 ( 1.8) 40.4 ( 1.8) 40.6 ( I.R) 42.8 (2.2) 

BM I; kgl(m)2 26.1 (0.4) 26.1 (0.5) 26. 1 (0.4) 26.4 (0.5) 

ASFP; score 35 (5)d 34 (5)d 34 (6)d 32 (6)d 

': Code (substance(s), abbreviation, d imens ion, median) as follows: 
A - Uric acid in plasma, P-UA, ~-tM·r 1 , 348 
B - Maloncdialdehydc in urine, U-MDA, nM/2 h, 123 
C- Urinary malonedialdehyde/plasma uric acid, U-MDA/P-UA, nM/mM· r

1
, 337 

D- Urinary nitrate, U-NIT, pM/2 h, 120 
E- Urinary nitrate/p lasma uric acid, U-N!T/P-UA, f.LMIInM·r

1
, 332 

h: number of patients per marker 
': data are mean (SE) 

E 

65 
132-1606 
389 
42.6 (2.0) 
26.6 (0.4) 
41 (7) 

52 
87-1338 
390 
o.zod 
42.6 (2.2) 
26.3 (0.5) 
32 (7)d 

d: statistical comparison with SB based o n log10 data 
*: in codes A - E the limits of normalcy in 10 healthy male volunteers o f the authors' laboratoJy are: <420 (A); 

< I I 0 (B); <375 (C); <3 14 (D); <1170 (.E). 
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Fig. f. l'vlajor characteristics of SB- (hatched bars) vs. SF- (l igh t bars) patients. U: fasti ng urine; 13: fasting blood; FE: renal frac­
tional excretion (conceived as ind icator of the capacity of tubules to lose or reclaim UA); for other abbreviations see below and 
lext. Note that negative DG (I-lAP, CaOx) by definition mean urine undersaturation (synonymous solubil ity, i.e. no solid forma­
tion and dissolution of p reformed solid (41 )). +: sum of urinary UA precursor oxypurine (H X: hypoxanth ine; XA: xanthine) ex­
cretion rates;*: based o n log10 data; n: number of pa tients. 

(13Ml 2:25.0 - 30.0 kg/ (m)2) was the dom inant seg­
ment (SB n = 51, SF n = 42), normal-weight (BMl 
<25.0 kg/(m)2; Sl3 n = 19, SF n = 32), obesity (13MI 

> 30.0 kg/ (m)2, SB n = 5, SF n = 5), together contrast­
ing with reports on obesity as a major risk factor of 
renal stone formation [42, 43 1. 
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Other rhamcteristics of SB and SF sttb.ret.r 
Despite statis tically indisti nguishable O :tvi biomarkers 
(Table 1) , SB and SP subsets differ signifi cantly in sev­
eral regards (fig. 1; upper row): increase of urinary 
pH, concentration of total protein and N -Alb-P, de­
crease of FE-UA and l3- HC0 3- ; only insigni ficantly 
different were (Fig. 1, lower row) U-sodium (Na), U­
volume, U-SS-H AP, U-SS-CaOx, U-SS-UA, summed 
excretion of UA precursor oxypurines, and so was 
plasma AVP (mean values 5.1 (SI3) and 4.5 (SF) pg 
ml- 1, respectively). 

Si '.Cf!ON 3 

Strdtd I "ow (1-) and 1-J.igb (H) of OM bio11Jr11'ken, D'.rtemic 
and renal response pammelers 

Tables 2a and 2b, L\.PP T and Il give the data as as­
sociated with the markers (codes i\. - E , strata of P­
UA, U-lviDJ\., U-11IDJ\./P -UA, U-N TT, U-N TT / P-UA). 
Stratification left unchanged BMl, AS FP and C-Cr (as 
crude marker of glomerular fil tration rate) , contrasting 
with change of numerous o ther parameters. 

Code A: The stratum H patients of P-UJ\. exhibited 
decrease (p :'S 0.05 vs. L) o f U-volume, U-pH, U-SS­
HAP, U-N -Alb-P, U-Ca, U-xanthine, U-citratc (Cit), 
U-rnagnesium (Mg), FJ\-UA, FE-Cit; there was in­
crease (p:'S 0.05 vs. L) of U-SS-UA, plasma (P) con­
centration of N -1\.lb-P. 

Code B: The stratum 1-l patients exhibited increase 
of age, dias tolic (D-) and systolic BP, B-HC03- and B­
p i I, U-volume, sum of U-sodium (Na) and U-potassi ­
um (K), (Ca/ Pi)/Cit, (Ca/ Pi) / Mg - both ratios dis­
cussed as inhibitors respectively promoters of the 
transformation of poorly crystallized CaPi to Ca-rich 
HAP crystals [20] - U-UJ\., U-Cit, U-Na, U-K, U-Mg, 
P-l'vlg, FE -UA, FE -Ox, FE -K ; there was decrease o f 
SS-UA, SS-CaOx (but not SS-HA P), P-PTH and P­
AVP. 

Code C: The stratum 1-l patients often exhibited 
changes similar to those mentioned above for the stra­
tum H of U-MD A alone (code B); however, clissimi.lar 
were the borderline only increase of systolic 13P, sig­
nificant increase of U-N -Alb-P, U-Ca, U-Pi, U-Xi\., 
F E-N a, FE-Mg. 

Code D: The stratum H patients exhibited increase 
of U-volum e, urine excretion o f summed alkali met­
als, U-(Ca/Pi)/ U-Cit, P- Pi concentration and P-O s­
molarity, U-K and U-Mg; there was decrease of U-SS­
UA, U-SS-CaOx, U-SS-I IAP, U-Ox, P-PTH and P ­
Ca/P-Pi ratio. 

Code E: The stratum H vs. L patients also exhibited 
changes sim ilar to those observed for stratum I I of U­
N IT alone (code D), with a few important exceptions: 
increase of U-N -Alb-P, U-Pi, U-XA, P-Pi, P-O x, but 
decrease of U-Ca/Pi and th.is ratio divided by Ca/Pi in 
plasma (in Table 2b and the following text denoted 
U~r/ 1\J; there was borderline decrease of U-SS-H AP 
and P-PTH. 

On the basis of above changes the shaded posi­
tions in Tables 2a and 2b, APP I and II arc conceived 
as hypothetical frontier ("red line") in IRCU patho­
genesis. 

SECTIO.:-J 4 

l ·i·eqlle/1~)1 cli.rltilllllion of .\F and .\T3 s!lbset.r 
i\. series of parameters was selected fro m Fig. 1 (U­
pH , R-HCO ,-, U-N-Alb-P, FE -UA, but omitting uri­
nary to tal pro tein con centratio~, Table 2a (P-UA, U­
volume, D -BP, U;\f/P/1[, 103 X (~~~~;{11l~~~)(in the following 
text denoted as U" p/P:'\1'), J\.PP I (U-Na); stratification 
of these parameters according to medians al lowed to 
identify those parameters tha t predispose for a shift of 
SP to SB patients (Table 3). Accordi ngly, o nly U-pl-1 
and D -BP (positive), and B-HC0 1- (negative) impact­
ed significantly upon SB frequency, whereas the im­
pact of P-Ui\. and P-N -Alb-P, U-volume and U-N ­
Alb- P was borderl ine (by Fisher's exact test); other pa­
rameters, including the rest o f OM biomarkers, U-SS­
CaCh, U-SS-H L\.P, U-SS-UJ\. (all not listed) did not im­
pact at all (p-values > 0.10). 

S E CTlON 5 

.\ imjJfe correlatio11.r, J\![RA.r 
To examine whether reports urging fo r change of par­
adigms in this disorder [8, 44-46] arc justified, the fo­
cus of the section was on interdependencies of vari­
ables. P rom large correlation matrices (mentioned in 
1vlethods chapter; not shown) and the ranking of para­
meters underlying the SF and SB distribution frequen­
cy (see Tabl e 3) several blocks of paired observations 
were selected and appropriate terms coined (see AP P 
TTl, columns SP and SB): "Acid-Base", "131ood pres­
sure, Uric acid", "P rotein", "Calcium". J\s regards 
block "Calcium", strong positive correlations in bo th 
SF and SB link U,,./ U-Cit and U~1/U-Mg to Log 
U~ 1/P~r ; PT H and 1 ,25(01-ThD also correlated di rectly 
in SB and SP, indicating intact functional axis between 
these two parameters; however, in SR, not SF, PTH 
was significantly negatively correlated to U-NlT and 
U-Nl'f/ P-UA, and in both SP and SB the insignificant 
correlation of pj\j and u j\j (r = 0.13 and 0.12, p = 0.24 
and 0.29, for SF and SB, respectively, not shown in 
A PP 111) suggests dysreguJation of extracellular Ca 
and Pi homeostasis. Regarding thi s point, transparency 
was improved by relating Log U~1/ P~t> the ratio felt to 
reflect imbalance of Ca and Pi in urine and / or plasma 
(Table 2b, code E), to numerical valu es of Ui\1, U-SS­
CaO~: U-SS-H AP, U-Na, B-HC01- and D -BP (Pig. 2, 
panels 1a and lb to 6a and 6b) : In panel 2a and 2b the 
vast majorit)' of SP and SB patients cl usters below the 
value 1.0 o f U_,1 molarity, linked to Log U~JP,, 1 via a 
curvilinear (log-linear; not shown) relationship; yet 
with respect to U-SS-CaOx (panel 1 a, 1 b) most pa­
tients exhibit positive values, viz cluster with in the low 
area of metastability, contrasting with U-SS-HAP 
(panel 3a, 3b); furthermore, in SB patients there is loss 
of significance of positive correlations (U-SS- I JAP, U­
Na, B-HC03-; panels 3b to 5b) and between Log 
U~ r/P~ 1 and D-BP an inverse significant correlation 
emerges (panel 6b) . I otably, AS FP, U-N a, P-Osmolar­
ity, P-AV P in both subsets of patients fai led to corre­
late significantly wi th any of the variables listed in 
APP II I. 

According to TvfRAs, including signi ficant (p :'SO.OS) 
correlations from each of the four blocks in APP 111 



Table 2a. General features, ASFP and renal function (Kidney), blood acid-base status (Blood), and urine components (Urine) of the lRCU patients as found associated with the strata Low 
(L) and High (H) of 5 markers of OM; for abbreviations and medians of markers coded A - E see foomotes of Table 1. D ata are mean (SE); [ ]: number of observations. Por other abbrevia-
tions and further informations sec footno tes and text. 

General features Kidney Blood Urine 

Code Markers N* Age BMI Systolic BP Diastolic BP ASFP C-Cr** HC03- pH pH Volume Na+K SS-UA SS-CaOx SS-HAP 
Strata kg/(mi mm Hg mmHg score mVmir: mM-r1 ml mM DG DG DG 

A P-UA 
L 307(4) 78 43( 1) 26.0(0.3) 126(2)[65] 81(1 )[651 33(3) 112(3) 23.6(0.2) 7.40(0.0) 6.23 (0.09) 246(18) 21 (0.8) 4.5(0.2)[74] 0.9(0.1)[74] 3.6(0.3)(74] 
H 408(6) 76 40{1) 26.6(0.3) 128(2)[65] 83( 1 )(65] 41(5) 110(2) 23.3(0.3) 7.40(0.0) 6.02(0.09) 195(15) 20(1.1) 5.3(0.2)[71] 1.1 {0.1 )[71] 2.2(0.4)[7 1) 
p <0.001 0. 11 0.07 0.34 0.22 0.09d 0.23 0. 18 0.37 0.04 0.02 0.08 0.002 0.20 0.003 

B U-MDA 
L 89(2) 77 40(1) 26.2(0.3) 124(2)[65] 80(1)(65] 37(5) 112(2) 23. 1(0.3) 7.40(0.0) 6.05(0.09) 162( 13) 18(0.7) 5.2(0.2) 1.3(0. 1) 3. 1{0.4) 
H 173(5) 77 43( 1) 26.4(0.3) 130(3)(65] 85(2)[65] 37(3) 110(2) 23.9(0.2) 7.41(0.0) 6.20(0.09) 280(18) 23( l.l ) 4.5(0.2) 0.6(0.1) 2. 7(0.3) 
p <0.001 0.03 0.26 0.03 0.01 0.32d 0.23 r o.o2 ......Jl.OOS 0.13 <0.001 0.001 0.003 ~ <0.001 0. 19 

c U-MDA/P-UA 
L 244(7) 77 40(1) 26.3(0.3) 124(2)(65] 81( 1)[65] 36(5) 112(2) 23. 1 (0.3) 7.40(0.0) 6.04(0.09) 151(12) 18(0.7) 5.2(0.2)(74] 1.4(0.1)(74] 3.1(0.4)(74] 
H 519(18) 77 43( I) 26.4(0.4) 130(2)[65] 84( 1 ) (65] 37(3) 110(2) 23.8(0.2) 7.41(0.0) 6.21(0.08) 291(18) 23( 1.2) 4.5(0.2)[71] 0.6(0.1 )(74] 2.7(0.3)(71] 
p <0.001 0.11 0.32 0.06 0.05 0.31d 0.29 0.02 0.01 0.08 <0.001 0.001 <0.001 <0.001 0.19 

D U-NIT 
L 85(3) 59 43(1) 26.4(0.3) 126(3)[52] 81 (2)[52] 38(5) 109(3) 23.0(0.3) 7.40(0.0) 6. 13(0. 10) 184(16) 19( 1.0) 5.0(0.2)[52] 1.3(0.2)(52] 3.5(0.4)[52] 
H 184(11) 58 42(1 ) 26.5(0.3) 127(3)(48] 83(2)[48] 35(4) 115(3) 23.4(0.2) 7.40(0.0) 6.20(0.1 0) 278(22) 22(1.3) 4.5(0.2)[57] 0.7(0.2)[57] 2.3(0.4)(57] 
p <0.001 0.43 0.41 0.39 0.26 OJ id 0.09 0. 19 0.41 0.33 <0.001 0.04 0.04 0.004 0.02 

!' 
E U-NIT/P-UA 

L 247(10) 59 41( 1) 26.4(0.3) 126(3)[54] 81(2)[54] 36(5) 111 (3) 23. 1(0.1) 7.40(0.0) 6.11(0.109 184( 16) 19(0.9) 5.0(0.2)[53] 1.2(0.2)[53] 3.2(0.4)[53] 
H 533(35) 58 44( 1) 26.5(0.4) 127(3)[46] 83(2)[46] 37(5) 113(3) 23.3(0.2) 7.40(0.0) 6.23(0. 10) 278(22) 21(1.3) 4.4(0.2)[56] 0.7(0.2)[56] 2.5(0.4)(56] 
p <0.001 0.13 0.42 0.42 0.22 0.34d 0.34 0.37 0.49 0.20 <0.001 0.11 0.03 0.008 0. 10 

*:Number of patients in strata; **: Creatinine c learance; p (in bold): level of s ignificance ~0.05; d: based on log10 data; shaded areas: parameters supposedly participating in 
IRCU pathogenesis . 
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Table 2b . ..r1dditional data (urine, p lasma, urine/plasma) from the same lRCU patients as organized in Table 2a. D ata are mean (SE). 
For further informations see footnotes, Table 2a and text. 

Urine Plasma Urine (U)/ Plasma (P) 

Code Markers N-Aib-P Ca Pi Ca!Pi (Ca!Pi)/Cit (Ca!Pi)/Mg N-Aib-P N-Aib-P PTH Ca Pi Ca/Pi UM/PM* UNp/PNP** 
Strata mg mM mM mM/mM 1/mM 1/mM mg·I"' g-1"' pg·ml"1 mM·I"1 mM·I"1 mM/mM 

A P-UA 
L 8.4(2.4) 0.35(0 02) 1.3(0 07) 0.40(0.06) 0.32(0.04) 0.32(0.03) 40(8)[75] 23.1 (0.5) 26( 1) 2.34(0.01) 1.01(0.02) 2.45(0.04) 0.16(0.02) 1.68(0.3 )(75] 
H 4.0(0.6) 0.29(0.02) I 2(0.09) 0.38(0.05) 0.32(0.06) 0.32(0.06) 28(3)[73] 24.5(0.5) 28(2) 2.34(0.0 I) 1.01(0.02) 2.45(0.05) 0.16(0.02) 1.19(0 I )[73) 
p o.oos' 0.01 0. 17 0.37 0.2 1 0.20 0.16 0.03 0.13 0.29 0.46 0.50 0.39 o o8' 

B U-MDA 
L 3.5(0.6) 0.3 1 (0 02) 1.18(0.07) 0.40(0.05) 0.26(0.03) 0.24(0.03) 32(3)(75] 23.4(0.5) 29(2) . 2.35(0.0 1) 1.00(0.02) 2.49(0.05) 0.16(0 02) I 42(0.1 )[74) 
H 8.9(2.4) 0.33(0.02) 1.31 (0 08) 0.39(0.06) 0 33(0.07) 0 40(0 06) 36(8)[73] 24.2(0.5) 25(1) 2.33(0.0 1) 1.02(0.02) 2.42(0.04) 0.16(0.02) 1.45(0.3)[74] 
p 0.001' 0.23 0.11 0.42 0.03' 0.001' 0. 14 0.14 0.04 0.21 0.16 0. 13 0.49 0.09' 

(" li-MDA/P-UA 
L 3.5(0.5) 0.30(0.02) I 13(0.08) 0.40(0.05) 0.26(0.09) 0.25(0.03) 32(3)(75] 23. 7(0.5) 28(1) 2.35(0.01 ) 1.00(0.02) 2.49(0.04) 0.16(0 02) I 4 1{0.1)[74] 
H 8.9(2.4) 0.35(0 02) I 35(0.08) 0.39(0.06) 0.39(0.04) 0 39(0.06) 36(8)(73] 23.8(0 5) 26(1) 2.33(0.01) I 02(0.02) 2.42(0.05) 0.16(0.02) I 46(0.3)[74] 
p 0.001' O.o3 0.02 0.42 0.005 0.001' 0.18 0.43 0.12 0.14 0.19 0.14 0.49 0 16' 

D U-Nit 
L 6.8(2.8) 0.32(0.03) 1.2·1(0.09) 0.39(0.05) 0.24(0.03) 0.28(0.03) 39(8)(57] 23 .9(0 7) 30(2) 2.35(0.02) 0.97(0.02) 2.54(0.05) 0.15(0.02) 1.65(0.3 )[57] 
H 6. 7(1.8) 0.34{0.02) 1.25(0.09) 0.39(0.06) 0 43(0.09) 0.39(0.07) 30(7)[56] 23.0(0.6) 26(2) 2.33(0.0 1) I 05(0.02) 2.35(0.05) 0.17(0 02) I 31 (0.2)(56] 

0.10' 0.32 0 37 0.48 0.02' 0 07' 0 09' 0.18 0.05 0.12 0.005 0.004 0.32 0 14' p 

E U-Nit!P-UA 
-- -------- --L 6.2(2.8) 0 32(0.03) 1.12(0.09) 0.47(0.06) 0 33(0.07) 0.36(0 07) 37(8)[57] 23.9(0 7) 30(2) 2.36(0.02) 0.99(0.02) 2.53{0.05) 0.18(0 02) I 59(0.3)(56] 

H 7.4( 1.8) 0.34(0.02) 1.34fi).09) 0.31(0.07) 0.34(0.06) 031 (0.04) 33(7)[56] 22.9(0.6) 26(1) 2.32(0.01) 1.04(0 02) 2.36(0.05) 0.14(0.0 1) I 37(0.2)(57] 
p 0.04' 0.30 0.04 0.01 0.19 0.50 0.24 0. 14 0 06 0.005 0.04 0.01 0.04 0.32' --- ---------

d: based on Iog 10 data;*: denotes Ca/Pi in urine divided by Ca/Pi in plasma:** : denotes 103 x N-Alb-P in urine divided by N-Alb-P in plasma; dashed pos ition (UM/PM): 
end-point ofCa and Pi metabolism , as modified by change of parameters given as shaded positions (codes E, 0 , B). 
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Pip, 2. Synopsis of variables linking u,1/ P,,1 (synonym ous Ca/ Pi .in urine divided by Ca/Pi in plasma) to ur ine U-SS-CaO x, U­
Ca/U-Pi, U-SS-Hl\P, U-Na, B-HC03-, D -BP in SF (e) and SB (o) patients, respectively. l n the same order, except U-Ca/U-Pi, 
the partial regression coe ffic ients in 1\-illA (beta, fo llowed by p-value) were: SF 0.33, 0.003; 0.21 , 0.06; 0.51, <0.001; 0.11, 0.27;-
0.04, 0.71 ; SB 0.35, 0.009; 0.10, 0.43; 0.22, 0.09; -0.04, 0.75; 0.24, 0.05 (see T able 4, block "Calcium", fo r outcome U~1/P11 and 
in fluential variahlc.:s 1, 3, 4, 5, 6). 
Stippled vertical lines: span the range of Log (U,1/P~t) within which the vast majori t')' o f patien ts clusters (see panel 2a, 2b) . 
D ashed horizontal lines: In panel 2a, 2b th ese indica te that at molari ty of urine Ca/P i :51.0 the majority of patients is exposed to 
ab initio present nanosizcd amorphous and poorly crystallized CaPi [46']1 note also that most SF and SB patients exhibit SS­
CaO x values in the low range of supersamration, by definition meaning that preformed H AP -containing stone nidus (i n terstitial 
plaques) upon rhc.:ir protruding into mbular lumen preferably can be overgrown by amorp hous CaPi, then CaO x, and o nly 
thereafter by [-lAP (see panels 2a, 2b vs. la, 1 b and 3a, 3b) explaining why CaOx dom inates as sto ne mineral 16, 841. 

(for exceptio ns see column Remarks) and Fig. 2 (panels 
2a, 2b omitted from MRA), the degree of outcome 
prediction differed dramatically, depending on whether 
SB and SF subsets arc considered, or unclassified (SF 
+ SB) lRCU (sec Table 4) : ln SB, the combined impact 
of P-PTH, U-NIT and BMT upon PJ\1 (synonymous P­
Ca/ P-Pi) was borderline only significant, wh ereas in SF 
the same variables predicted P~1 h ighly significantly; 
also tn SB, but not SF, D -l3P and P-UA were signifi­
cantly modulated by several OM biomarkers and BMI, 
respectively; in sharp contrast, in SF, but not SB, the 
outcome U-pH was modulated by FE-K., B-HC0 3-, 

FTI-Na and U-Na, the outcome B-HC0 3- by U-pJ--I and 
U M; finally, in both SF and SB P;:.;r and UNp/PNP were 
roughly equally modulated by 5 and 2 influential vari­
ables, respectively. Collectively, in SF 92% o f the varia­
tion of U-pH , R-I-IC03-, PNP> UNr/PNP• P~1 can ex­
plain that the risk of formation of new stone(s) is sup­
pressed, whereas in SB 69% of the variation of D -l3P, 
P-UA, P~p and UNp/P NP can explain the ri sk of new 
stone formation (Table 4) . Of importance, differences 
111 outcome modulation as described for SF and SB 
subsets would go undetected when unclassified IRCU 
(SP + SB) is studied (!'able 4). 
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Table 3. Ranking of frequency distribution of SF and SB patients upon stratification ac­
cording to medians of parameters selected from Fig. 1, Tables 2a, 2b, Appendix II. U: 
urine, B: blood, P: p lasma 

Parameters•·' N.,. LOW* SF HIGH** SF 

SB SB 

U-pH' 154 5.42 (0.07)**" 50 6.57 29 0.0007 ..... 
5.48 (0.07) 27 6.77 48 0.0006~ 

B-Hco,- " 154 21.7 (0.3) 33 25 .3 (0.3) 46 0.036 
21.9 (0.2) 44 24.9 (0.2) 31 0.026 

0 -BP' 130 75 (0.9) 34 9 1 (2) 3 1 0.052 
69 (I .5) 23 89 ( !) 42 0.038 

P-l!Ad !54 307 (5) 45 412(10) 34 0.076 
307 (7) 32 403 (6) 43 0.053 

P-N-Aib-Pe 154 20.1 (0.04) 34 27. 1 (0.05) 45 0. 108 
20. 1 (0.04) 42 27.7 (0.05) 33 0.074 

Log U-Volumi 154 2 .0 (0.02) 34 2.49 (0.03) 45 0.108 
2 .0 (0.02) 42 2.50 (0.03) 33 0.074 

U-Na8 !54 8.0 (0.3) 36 17.1 (0.9) 43 0.259 
8.2 (0.4) 4 1 17.3 (1.2) 34 0.167 

Log FE-UA" 154 0.78 (0.01) 36 0.99 (0.01) 43 0.259 
0.70 (0.03) 4 1 1.0 (0.02) 34 0.167 

Log U-N-Aib-P; 148 1.08 (0.03) 41 1.57 (O.D3) 35 0.324 
1.14 (0.03) 33 1.66 (0.05) 39 0.074 

k Log UNp/PJ\p 148 -0.30 (0.03) 4 1 0.21 (0.03) 35 0.413 
-0.24 (0.03) 34 0.33 (0.05) 38 0.257 

Log (U~tfP~1 )1 154 -1.23 (0.03) 39 -0.69 (0.04) 40 0.865 
-1. 19 (0.03) 36 -0.67 (0.04) 39 0.497 

'"
1

: Median (range), fo llowed by dimension: 
': 6.1 2 (4.41 - 7.60) 
b: 23.5 ( 18.0- 30.6), mM · 1" 1 

•: 80 (60 - 11 0), nun Hg 
d: 348 (159 - 593), 11M· r' 
': 23.9 (12- 43), mg. 1"1 

*· ••: below and above med ians, respectively; 
***:data arc mean va lues (SE); note that intra-strata 
differences were insign iticant (p >0.05), except in 
raram eter~ c (Low: SF VS. SB, p = 0.001) and 

(Low: SF vs. SB, p = 0.015); 
' :Total number of patients; 

r: 2.21 (1.78 - 2.86), ml 
s: 154(2.3-47.l),mM 

++: p-value (Chi-square, 1 degree of freedom); 
-++: p-value (Fisher exact, !-tailed test). 

": 0.87 (-1.18 - 1.38),% 
i: 1.34 (0 .7 -2.6), mg. r' 
': -0.036 ( -1.05 - 1.24) 
1
: -0.94 (- 1.8 - 0.15) 

Co.viME T S 

StHcfJ' design and strategy- Proposal of order qf events 
Comparing subsets of lRCU, for example patients 
with hypercalciuria or normocalciur ia with healthy 
controls, has a long tradition, but failed to clarify why 
stones form even in the absence o f risk factors such 
as urinary excess o f calcium (in the authors' laboratory 
Ca in daily urine is in the range of normals in approx. 
two thi1·ds of patients (unpublished data)) and/ or 
deficit of crystallization and stone inhibitors. On the 
other hand, in comparative controlled studies, signs of 
tissue inflammation such as elevated serum C-reactive 
protein (CRP) were found in overweight patients with 
unknown state of kidney stone formation f47], high 
CRP together with deficiency of antioxidant vitamins 

c, 

in IRCU as a whole (SF + SB) [48], elevated CRP in 
association with elevation of biomarkers of oxidative 
stress in patients with moderate kidney diseases [49]. 
Inflammatory proteins also are components o f renal 
CaOx [50] and other Ca crystal-containing stones [511, 
whereas in present work the moderate rise of U-N­
Alb-P (as putative but crude marker of proteins with 
inflam matory and other adverse functions) appears 
compatible with impact of stratum H igh of P-UA, U­
MDA/ P-UA, U-r IT / P-UA (fable 2b, codes A-E). 
Apparently, rather than controlled studies those aimed 
at comparing 1RCU subsets exhibiting so far largely 
neglected features (for example ROS regulation of 
protein in terms of anatomic location, structure and 
function, minerals, BP) may set the stage for change of 
paradigms in pathogenesis of this disorder rs, 44-46], 
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notwithstanding objections that so doing would leave 
unclarified those mechanisms underlying the numer­
ous renal and systemic metabolic parameters associat­
ed with forma tion of fu-st stone. 

Tt has been proposed that oxida tive stress combined 
with nitrative stress (see below) is a prominent feature 
also of chronic diseases other than IRCU l52]. In 
IRCU observations on pre-existence and site of origin 
of both kinds of stress and interactions to form 
stones are unknown up to now, whereas in calcifica­
tion processes of blood vessels respective reports 
abound [35]. Earlier work described ischemia and mi­
crovascular diseases as causes of renal tubule-intersti­
tial disease [53J, identified ischemia and anoxia as abet-

tor of renal tissue lipid peroxidation f54J and 
in the transplanted kidney as cause of alter­
ation of renal co rtical cation composition 
l55], as pre-decessor of oxidant/antioxidant 
imbalance together with glomerular and m­
tracpithelial tubular CaPi deposition and BP 
elevation after infrarenal vascular grafting 
l56]; fmally, repai r processes of blood vessel 
tissue ("response to vascular injury") were ac­
cused as ROS source f57], and expanding adi­
pose tissue surrounding blood vasculature has 
been identified as key player in hypoxia induc­
tion via static narrowing of vessel diameter 
[58J, subsequent endothelial dysfunction f59J, 
production of ROS l60] and inflammation 
[61). Thus, ROS excess within kidney, togeth­
er with opposite differentiation of vascular 
and bone cells by hydrogen peroxide [621 -a 
member of the ROS family of which the OM 
marker U-MDA (Table 2a, code B) is a de­
scendant - may facilitate unfo rced events 
such as extracellular matrix vesicle calcifica­
tion l63J via P-Ca and P-Pi dysregulation 
(Table 2b, code D) and mineral accumulation 
at appropriate ambien t P-Ca/P-Pi and pH 
l64]. Since SF and SB subsets arc similarly 
overweight and OM biomarkers statistically 
indistinguishable (Table 1), it is not surprizing 
that plaques apparently anse m basolateral 
urothelial membranes, interstitial, perivascular 
and possibly vascular wall tissue rs, 6, 9, 45]. 
T n TRCU as a whole a decrease of bone min­
eral density has been known fur lullg [65, GGJ; 
both, decrease of bone mineral formation 
and increase of bone mineral dissolution car­
ry the risk of pouring extra Ca into blood cir­
culation, in turn seeking dissipation via tubu­
lar fluid and urine or, in the more alkaline ex­
tra-luminal environment, deposition as CaPi 
in renal tissues. However, searching for more 
detai ls of a ROS-mcdiated bone-kidney func­
tional axis [67] in IRCU was beyond the scope 
of present work. 

ROJ excess fro /I/ !!)tpoxia - Tradorfor 
distil rba nces 
Unless neutralized by antioxidants or treat­

"• ment f68l , hypoxia-derived ROS excess deteri­
orates cellular ultrastructure and function, reg-
ulation of endothelial function and vascular 

tone included [69, 70l. ln present work indices of 
functional changes arc tentatively marked by the "red 
line" that extends from alteration of blood acid-base, 
urine protein, Na, diuresis, BP, P-PTH, to P-Ca and P­
Pi status (see shaded areas in Tables 2a, 2b, APP I , II). 
Important questions arise, for example: Why is there 
failure of U-pH to rise signi ficantly upon exposure of 
kidney to high U-MDA and U-MDA/ P-UA, why is 
there upregulation of D -BP and 13-HC03- with these 
MDA markers (Table 2a, codes B, C) but not wi th iso­
lated variation of P-UA (Table 2a, code A) , and why 
are these phenomena restricted to SB patients ( fable 
4). More specifically: When the IRCU kidney is a target 
o f ROS emanating from systemic hypoxia, is P-UA an 
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Affluence 
• Overnutrition 

- Overweight 
-Obesity 
. xanthine oxidoreductase t , uricemia t 

• Sedentary lifestyle 
· Expansion of perivascular adipose tissue 

- Nitric oxide production (by vascular endothelium) ~ 
-U-NIT~ 

Hypoxia (transient or chronic ischemia) 

• 0 2 deficit in tissues (within kidney: relative, absolute?) t 

• Hypoxia-inducible factor-1 t 

Mitochondrial damage t 
- ROS production t, mitochondrial Cat, D-BP t 
- H+-ATPases ~, H+ accumulation inside cells t 
- A TP regeneration .l 
- Oxypurine shedding by cells: urinary HX and XA t 
- Cellular Pi efflux: P·Pi t , P-Ca/P-Pi ~ 

Re-oxygenation (renal, extrarenal tissue) 
• Nitric oxide production t, U-Nitrate t 
• ROS production by endothelium t , U-MDAt, CRP t, fibrinogen t, 

P-N-Aib-P ... U-N-Aib-Pt 

PON production t 
Urothelial cell defects: 
- Ca-sensing ~ 
- Minerals inside cells: Pi~. Cat, Ca/Pi t, Na ~, K ~ 

• Defective parathyroid chief cells: 
- P-PTH ~ , B-HC03• t, B-pH t 

- Minerals outside cells: P-Pi t, P-Ca/P-Pi J. 
U-Pi t, U-Ca/U-Pi ~ , U-Na t, U-K t , U-Volume t 

Extracellular matrix (renal vasculature, interstitium) t 

• Cell transition: from vascular smooth muscle to 
mesenchymal and osteoblast-like cells t 

• Vesicle calcification (Ca. Pi uptake). osteopontin t 

Kidney (stone risk factors; stones) 

•UJ PM ( synonymous ~~g~~~ : Marker of Ca accumulation 

outside tubular fluid and urine 

When low: SF patients 
SS-CaOx t, SS-HAPt, B-HC03• -binding by PONt, 
B-HC03·..,, H'- ATPases activity J.. U-pH t, growth of 
interstitial CaPi containing plaques t, formation of CaPi 
microliths at tubular basolateral cell membranet 

When high: SB patients 
SS-CaOxt , SS-HAP t, B-HC03• -binding by PONt, 
B-HC03·J., H'-ATPases activ i ty ~. U-pHt. growth of 
interstitial CaPi containing plaques t . CaOx overgrowth 
of plaques t, formation of mixed (CaOx + CaPi) urolithst 

I 

P- UA levels (rela tive to U-1viDA) are 
consequence rather than cause of 
ROS. 2) Prom the positive correlation 
of urinary precursor oxypurines of UA 
synthesis (U-HX, U-XL\) with U-pT I in 
Sf and SB subsets (APP TTT, block 
"Acid-Base"; position 8) defective mi­

~ tochondrial nucleotide incorporation 
3 into cell-energizing ATP and fuelling 
~ of H+-ATPases may be inferred, a 
~ process that in renal tissue is extremely 
(D 

u 
a 
n 
(D 
CJ) 
CJ) 
(D 
CJ) 

I<E--

sensitive to hypoxia l69, 72, 731; also, 
the anatomic organization o f renal 
vascwature predisposes to damage of 
functionally highest developed 
medullary ncphrons, after all once oxy­
gen supply and metabolic deman d arc 
discordant l74]; luminal membrane 
H+-ATPase activity of ascending loop 
[75] may be especially susceptible to 
ROS attacks, while in some other 

:<E-- tubular region enzyme activity can 
withstand. 3) Subsequent processes 
like Ca overload of mitochondria l76J, 
release of hypoxia-inducible factor 
(HlF) [771 and other proteins (CRP, 
fibrinogen) [78] reflect hypoxia-in­
duced interruption o f mitochondrial 
electron transfer and generation of ex­
tra amounts of ROS f79J. 4) The sig­
nificantly higher D-BP in the SF vs. SB 
moiety ( f able 3, parameter D-BP, stra­
tum Low) would agree both with NO 
deficit as fundamental defect in chron-

<, 

ic kidney disease [80] and ROS contri­
bution to decreasing d ilation and 
growing stiffness of arterioles (renal 
resistance arteries) [81], viz a process 
beginning with mitochondrial dysfunc­
tion [73] that progresses to vascular 
tone adaption l79], hypertension l81], 
Ca accumulation and CaPi deposition 
inside vessel walls [82]. 5) Observa-
tions that P-UA itself is an oxidant and 
harbinger of ischemic tissue injmy [83J 

1-'ig. 3. Tentative flow scheme of events in IRCU, together faci li tating malregula­
tion of mineral, acid-base, llP and protein status, renal interstitial CaPi deposition 
(plaques) and Ca stone formation. I3P: blood pressure; B: blood; P: plasma; U: 
urine; t, ~ ... : increase, decrease, no change, respectively; ?: U ncertain o r un­
known. Por further abbreviations and information see text. 

cannot be reconciled with the insignifi ­
cant simple correlation of P-UA and 
D-BP in SB subset (APP III, block 
"Blood pressure, Uric acid", position 
5), and the highly significant d.ircct 
correlations of P-Ut\ and D-BP with 
BMI in SB and SF (APP Til, "Blood 
pressure, Uric acid", positions 6, 7) 

antioxidant l12[, oxidant l35J, or bystander? Plausible 
explanations regarding these points are not available, 
but a number of telltale hints allow commenting: 1) In 
systemic metabolism, encompassing the presence of 
oxidants and antioxidants, the antioxidative tissue pro­
tecting actions of P-UA within physiological levels [12] 
may be simply overwhelmed by deleterious actions of 
ROS l71]; alternatively, primary ROS-mcdiated net re­
nal loss of UA (APP TI, FE-UA) may indicate that low 

point towards BMI as a major environ­
mental effector of P-UA and D -BP 

levels (sec also Fig. 3). 6) Contrasting with SF, in SB 
the negative correlations of U-NIT / P-UA with P'fH, 
of U-NIT with PTH, and of U-NIT with P~1 (APP 111, 
block "Calcium", positions 11, 10, 7) may be token that 

IO deficiency [80] or, alternatively, loss of function 
principle of NO (nitrative stress; sec below), has addi­
tional ramifications into regulation of P-Ca and P-Pi 
(synonymous P..,t) . Should these interpretations be con­
firmed, then the ROS-damaged but still srone-free 
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TRCU kidney first increases the risk for l3P elevation 
(APP Ill , block "Blood pressure, Uric acid", position 
3) and then the formation risk of new stone on the ba­
sis of P~1 mod ulation by low U-NIT (1\PP TTT, block 
"Calcium", position 7) 

PM - Integral o/ RO.S"-initiated ce/111/ar difects? 
ln Ca stones the dominant component is CaOx, al­
though in smaller stones (<20 mg) the core is CaPi 
l84J. However, whether along the nephron and at 
which site intratubular U-SS-CaOx dominates over U­
SS-HAP and vice versa is an ongoing matter of con­
troversy [85]. T he impressive curvilinear linkage of 
Ui\/PM to Ui\r (Pig. 2, panels 2a and 2b), a so far unre­
ported phenomenon in IRCU, testi fies that a rise of 
UM (synonymous U-Ca/ U-Pi) above 1.0 is limited by 
growing P l\1; accordingly, U-Volume-independent pre­
cipi ta tion of amorphous CaPi l7J should be detectable 
in most patients, leavi ng the possibility that due to U­
Ca excess in a minority of patients CaPi phases such 
as Ca-1-lydrogen-Phosphate (Brushite; crystallization 
starts at Ca/ Pi = 1.0) can develop and promote the 
transformation to HAP as well as heterogeneous 
CaOx nucleation by HA P (and its less Ca containing 
precursors (for more detai ls see ref. [85, 86, 87J). In 
fact, in fasting urine of l RCU males only non-crystal­
lized CaPi ("isotropic" by petrographic microscop y) 
particles abound, whereas CaOx crystals are the ex­
ception [21] . In addition, the failure of increasing SS 
of both Ca salts to manifest as shift from SF to SB pa­
tients (p >0.10, see Table 3), despite high U-Volume­
mediated low inhibitor concentration (APP TTl, block 
"Calcium", positions 1, 2), argues for an alternative 
scenario of form ation of new stone(s): it should in­
clude initial tissue damage by ROS (as shown herein), 
followed by deterioration of function of the axis tubu­
lar luminal membrane Ca receptors [88] -+ parathyroid 
gland activity -+ U-Ca/U-Pi (synonymous Ui\J, with 
the consequences that in this setting decrease of P­
PTH ( f able 2b, code B), increase of P-Pi, and de­
crease of P-Ca/P-Pi ( f able 2b, codes 0 , E) emerge as 
central events. This interpretation would be in agree­
ment with vascular smooth muscle cell adaption and 
release of calcifying vesicles in response to dysregula­
tion o f ambient Pi and Ca l63, 89], and the positive (in 
healthy normals negative, according to textbooks) cor­
relation of Plll with PTH, as seen in SF under condi­
tions o f high U-NIT, hence high endothelial NO p ro­
duction (APP I II, block "Calcium", position 6). Not 
surprisingly therefore, in present work U-NIT and U­
MDA are directly correlated (n = 52, r = 0.49, p 
<0.001, and n = 65, r = 0.25, p = 0.05, for SF and SB, 
respectively), suggesting that once high U-NIDA (ROS 
excess; Table 2a, code B) meets high U-NIT (high NO 
production; Table 2a, code D) then peroxynitrate 
(PO ) is formed r341; this reaction product of super­
oxide anion (the precursor of hydrogen peroxide) with 
NO-derived nitrite and nitrate [33, 34, 351 is highly 
toxic to constituents of living cells especially of vascu­
lar endothelium [90], can be reconciled with downreg­
ulation of PTH in presence of high U-MDA and U­
NIT (Table 2b, codes B and D) and, from reasons out­
lined below, with declining B-HC03- as strong Ca 
stone formation driving force (Table 3). 

Ca stones in si/11- E ndpoint rif one paradox or seuPral? 
Irrespective of whether in a given stone CaPi or CaOx 
is the dominant mineral, the organic stone matrix con­
tain s a myriad of especially inflammatory proteins l50, 
51 J and osteopontin, a phosphorylated multifunctional 
protein [91], almost all renal stones are fou nd attached 
to preformed plaques r921, p laque apatite and ostco­
pontin are co-localized l93], and mice lacking osteo­
pontin develop CaPi crystals and stones in renal papil­
lae f94l. Surprisingly, neither are components of the 
p lat]Ues' [4j organic matrix known, nor do U, 1/ Pi\ l and 
UNp/PNP in present work reflect that the kidney shi fts 
from SF to SB state (Table 3) . Despite, a rather crude 
gauge .for a bridging role of protein (s) between 
plaques and stones may be seen in correlations of pre­
sent work: Although in both SF and SB patients the 
degree of varia tion of PNP as ou tcome is similar and 
significantly predicted (Table 4; block "Protein"), in Sl' 
the impact of U-MD A upon PNr is insign ifi cantly neg­
ative, in SB significantly positive (APP 111, block "Pro­
tein", posi tion 2); this hi therto unreported paradox 
suggests tha t in SB P-NP members are indeed ROS­
modified with respect to structure, function and possi­
bly concentration, and therefore distinct from those in 
SF. Thus, a realistic speculation would be that like in 
vascular tissue also in plaques of lRCU osteopontin as 
modified by oxidation l95J or loss of phosphorylation 
[96J is present and able to fi ll the gap between vascular 
and perivascular interstitium, peritubular space and 
urothelium, thereby disguising its origin from blood 
vasculature. Once this type of plaques protrudes into 
tubular lumen, it may serve as nidus for stone forma­
tion l6, 8)j . Closer insight into upregulation of U-Vol­
umc (Table 2a) is hampered by the inconsistent 
changes of plasma osmolarit)r and AVP in response to 
OM biomarker variation (L\PP I): From positive corre­
lation of U-Volume with U-Na, viz assumed loss of 
body fluid due to rise of U-Na (APP HI, block "Acid­
Base", position 6) via prior cell membrane damage and 
protein shedding into urine (fable 2b, code B), one 
would expect positive correlation of U-Volume and 
UNr/ P NP; however, in both SF and SB this correlation 
is negative (APP lll, block "Protein", position 6), leav­
ing the possibility that impaired transport of water is 
due to initial ROS modul ation of trans-membrane Na 
or/ and water channels [97] . l'inally, the drive toward 
stone fprmation in the presence o f decli ning B­
HC03- (Table 3) but absence of systemic metabolic 
acidosis (in normals B-pH is 7.35- 7.45, B-HC03- 18 
-30 mM ·1-1) is interpreted as follows: The equilibri­
um between B-HC03- and C02 as dissolved in plasma 
functi ons as important bL1ffer, with H C03- being in­
creasingly bound by PON l13J, thereby detracting 
from B-HC03- levels; the chemistry of PON is com­
plex l13J, but the reaction may be facilitated during re­
oxygenation of previously hypoxic tissue, a situation 
with the mentioned high production rates of NO and 
ROS [34]. Since the power of PON to oxidize cell 
membrane proteins and lipids, and numerous other 
substances, DNA included, is enormous [13, 34, 98], 
maintenance of normal circadian rhythm of plasma 
NO and physiological levels of P-UA (acting as PON 
scavenger in this setting) has been proposed l99]. Col­
lectively, IRCU pathogenesis in the absence of urinary 
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Ca salt SS as stone formation driving force (this work) 
proves elusive, meaning that decipherment of factors 
such as oxidative and n.itra tive stress in signalling net­
work ("Crosstalk between cells") may be key for eluci­
dation at the cellular and molecular level [1001; in this 
respect TRCU would resemble calcification of blood 
vasculature [63, 101] and other widespread human dis­
eases [1 02, 103]. 

C ONCLUS IONS 

The present lRCU study, organized in a "bringing the 
bedside to the bench" manner, substantiates that, de­
pending on the state of selected OM biomarkers, a 
number of Ca stone related parameters of blood, plas­
ma and urine are paradoxically disordered: During eu­
bicarbonatemia (absence of overt metabolic acidosis) 
B-HC03- and D-BP rise in association with rise of the 
lipid-peroxidation markers U-MDA and U-MDA rela­
t ive to P-UA, whereas u~l> p~[> UM/ P:-1 and P-PT I I de­
crease in association with rise of the NO-derived 
markers U-N lT and U-NIT relative to P-UA. Stone 
neoformation appears mainly driven by interaction of 
oxidative (high U-MDJ\. and U-MDA/P-UA) and ni­
trative (high U- lT and U-NIT / P-UA) stress, pre­
sumably leading to lowering of B-HC03- via binding 
to a so far neglected metabolic intermediate. Although 
observed data need confirmation by controlled stud­
ies, a tentative view of events (Fig. 3) gives the impres­
sion that lRCU is best conceived as a defense process 
against affluent lifestyle-introduced consequences for 
renal tissues, blood and urine constituents. Purther in­
tense research into mechanisms underlying OM-mod­
ulation of acid-base status, mineral and protein home­
ostasis, and dynamics o f blood vasculature is justified . 

/ lckno/J/Ierlgelllellts: We are grateful to numerous practicing 
physicians for long-yt:ar cooperation with patients, our co­
workers Karin Schwillc for technical, Mark-Luise Rast:nack 
fo r secretarial assistance. Financial support was granted by 
the University of F.rlaogen Hospital Research Funds and tht: 
Deutsche Forschungsgemeinschaft Bonn/Berlin, G ermany. 

R EFERENCl·:S 

1. Finlayson B, K han SR, Hackt:tt RL. Theoretical chemical 
models of urinary stones. In: Renal Tract Stone, Metabolic 
Basis and Clinical Pmctict:; Wickham J F. A, Buck AC (eds). 
Churchill Livingstone, Edinburgh, London, Melbournt:, 
New York, 1990:133-47. 

2. Robertson W1G, Peacock M, Marshall RW, Marshall D H, 
Nordln HE C. Saturation-Inhibition index as a measure:: of 
the risk of calcium oxalatt: stone formation in the urinary 
tract. N. l::ngl J Med 1976;294:249-52 

3. Kok DJ, Khan SR. Calcium oxalate nephrolithiasis , a frt:c 
or fixed particle disease. Kidney Int 1994;46:847 -54. 

4. Randall A. The origin and growth of renal calculi. Ann Surg 
1937;105:1 009-1027. 

5. Andt:rson CK. Renal histological changes in stone formt:rs 
and non-stone fonnt:rs. In: Rt:nal Stone Rt:scarch Sympo­
sium; l lodgkinson A, Nordin BEC (eds). JA Churchill, 
l.ondon, 1969; 133-6. 

6. Evan AP, l.ingeman JE, Coe I'L, Worcester Ei\1 . Role.: of 
interstitial apatite plaqut: in the pathogenesis of the com­
mon calcium oxalate stone. Semin Nt:phrol 2008;28:111 -9. 

7. Chmg PTl, Pritzkcr KPH. Solution Ca / P ratio affects cal­
cium phosphatt: crystal phases. Calcif 'fiss l nt 1983;35:596-
601. 

8. Halpt:rin M 1., Cheema D hadli S, I< a mel SK. Physio log)' of 
acid-base balanct:: links with kidney stone prevention. 
Semin Ncphrol 2006;26:441-6. 

9. Stoller i\IL, Low RK, Shami GS. ~lcCormick VD, Ker­
schmann RL. High resolution radiography of cada\•eric kid­
neys: unraveling the mystery of Randall's plaque formation. 
J Urol 1996;156:1263-6. 

10. Schwille PO, Rtimenapf G . Idiopathic calcium urolithiasis­
Clinical probkms and sugges ted approaches in an ambula­
tory stone clinic. In: Renal Tract Stone::, i\Ietaholic Basis and 
Clinical Practice; Wickham J EA, Buck A (eds) . Churchill 
r.ivingstone, Eclinhurgh, London, 1\l.elbourne, New York, 
1990 pp 217-38. 

11 . 1'vl anoharan M, Schwille PO. Oxypurines, protein, g iucost: 
and tht: functional state of blood vasculaturt: are markers of 
renal calcium stone-forming processes? Observations in 
men with idiopathic recurrt:nt calcium urolithiasis. Clin 
Chem Lab i\led 2002;40:266-77. 

12. Becker BF. Towards the physiological function of uric acid. 
Free Radic Biol .Mcd 1993;14:615-31. 

13. Whiteman M , Ketsawatsakul C, Halliwell ll. A reassess­
ment of the peroxynitrite scavenging activity of uric acid. 
Ann Y Acad Sci 2002;962:242-59. 

14. T ouy?: R.M. Reactive oxygen spccit:s as mediators of calci­
um signaling by angiotensin ll: implications in vascu lar 
physiology and pathophysiology. Antiox Signal 2005;7: 
1302-14. 

15. Yung l.M, Leung l'P, Yao X, Chen ZY, Huang Y. Reactive 
oxygen species in vascular wall. Carcliovasc Hematol Dis­
ord Drug Targets 2006;6:1-19. 

16. Schmiedl A, Schwil le PO. Is magnt:sium a marker of disor­
dt:red mint:ral metabolism in males with idiopathic recur­
rent calcium urolithiasis? Observations focussing on fasting 
magnesiuria and magneskmia, protein and other substances 
in urine and plasma. 1\Iagnesium Re::s 2003;16:192-205. 

17. Schwille PO, Schmied) A, i'vfanoharan M. Is calcium oxalate 
nucleation in postp.-andial urine of males with idiopathic 
recurrent calcium uroli thiasis related to calcium phosphate 
nucleation and the intensity of stone formation? Studies al­
lowing insight into a possible role of urinary free citratt: and 
protein. Clin Chern l.ab l\kd 2004;42:283-93. 

18. Schwille PO, Manoharan l\I, Schmied) A. Is idiopathic re­
currt:nt urolithiasis in male a cellular disease? I .a bora tory 
findings in plasma, urine and erythrocyws, emphasizing the 
absence and prt:sence of stones, oxidative and mineral me­
tabolism: an observational study. Clin Chern Lab i\Icd 
2005;53:590-600. 

19. Schwille PO, Wipplinger J. Idiopathic recurrent calcium 
urolithiasis (lRCU): An acid meal uncovers inappropriate 
pH of postprandial, fasting and daily urine. A cross-section­
al study of male patients providing insight into post- and 
pre::-load urinary stone substances, t:rystalli:.mtion risk, pres­
enct: of renal stones, renal transport and systemic me::tabolic 
fact8rs. l·:ur J Med Res 2008;23:332-42. 

20. Schwille PO, Schmied! A, \':{fipplinge::r J. Idiopathic rt:cur­
rcnr calcium urolithiasis (IRCU): Variation of fasting uri­
nary protein is a window to pathophysiology or simpk con­
sequence of rt:nal stones in situ? 1\ tripartite study in male 
patit:nts providing insight into oxidative metabolism as pos­
sibk driving force towards alteration of urine composition, 
calcium salt crystalli7.ation and stone formation. Eur J Med 
Rt:s 2009;14:378-92. 

21. H ermann U, Schwill e PO. Crystall uria in idiopathic rt:cur­
rcnt calcium urolithiasis. Dependent:t: on stone composi­
tion. Urol Rcs 1992;20:157-64. 

22. G lanr:wunis G K, Tsimoyiannis EC, Kappas AM, G alaris 
DA. U ric acid and oxidative stre::ss. Curr Pharm Des 
2005;11 :4145-51. 

23. Maz~ali M, H ughes J, Kim YG, .Jefft:rson Jt\, Kang Dli, 
Gordon KL, Lan HY, K.iYlighn S, Johnson RJ. Elevated 
uric acid i ncrt:ases blood pressure in the rat by a noYel 
crystal- indepmdem me::chanism. H ypertension 2001 ;38: 
1101-6. 



362 EUROl'EA 1 JOURNAL O F MEDICAL RESE ARCH August 8, 2011 

24. Corry DB, E slami P, Yamamoto K, Nyby .MD, Mackino I I, 
T uck l'vl L. Uric acid stimulates vascula r smooth muscle cell 
proliferation and oxidative stress via the ren in-angiotensin 
system. J H ypertension 2008;26:269-75. 

25. L inder N, Rapola J , Raivio KO. Cellular expression of xan ­
thine oxidoreductase protein in normal human tissues. Lab 
Invest 1999;79:967-74. 

26. Hewinson .J , Stevens CR, IYiilie r TM. Vascular physiology 
and pathology of circulating xanthine oxidoreductase: from 
nucleotide sequence to functional enzj•m e. Redox Rep 
2004; 9:71-9. 

27. Enomo to A, Kim ura TI, Chai roungdua A, Shigeta Y, .Jutab­
ha P, Cha SH, Ho soyamada Ivl, Takeda i'vf, Sekine T , 
Iga rashi T, Matsuo f-I, Kikuchi Y, O da T, l chida K, Hosoya 
T, Sh imokata K, N iwa T, Kanai Y, E ndou II. Molecular 
identification o f a renal urate an ion exchanger that regu­
lates b lo od urate le\rels. Nature 2002;417:447-52. 

28. Esterbauer H. T he chemistry o f oxidation of lipoproteins. 
In: Oxidative Stress, Lipoproteins and Cardiovascular D ys­
function; Rice-E vans C, Bruckdorfer KR (eds) . Portland 
Press l.td, London, 1995, pp 55-79. 

29. Stark G. Functional consequences of oxidat.ive m emb rane 
damage.] Memh r Bio i 2005;205:1-16. 

30. Furchgott RJ', Zawadzki JV . T he o bligato ry role of en­
do thelial cells in th e relaxation of arterial smooth muscle by 
acetylcholine. Nature 1980;288:373-6. 

31. Tsikas D. Method s of qualitative analrsis of nitric oxide 
metabolin::s nitrite and nitrate in human biological fluids. 
Free Radic Res 2005;39:797-8 1 5. 

32. Jobgen WS, J obgen SC, Li H , Meininger CJ, Wu G. Analy­
sis of nitri te and nitrate in b iological samples using high­
perfo rmance liquid chromatography. J Ch romatogr B i\na­
iyt Techno! Biomed Life Sci 2007;851 :71-82. 

33. D arley- Usmar V, Hogg N. l(alyanaraman B, Moore K. F ree 
radicals in the vasculature: pathological and physiologica l 
significance. In: O xidative Stress L ipoproteins and Cardio­
vascular D ysfunction; Ricc::-l ,vau~ C, Druckdorfer KR (cds) . 
Po rtland Press L td, London, 1995, pp 81-98. 

34. Es tevez AG , Jordan J. Nitric oxide and su pcroxide, a dead­
ly cocktail. NY ; \cad Sci 2002;962:207 -1 1. 

35. Vanhoutte Pi\1. Endothelium -derived free radicals: F o r 
worth and for better. J Clin I nvest. 2001;107:23-5 

36. Manoharan M, Schwillc PO. Measurement o f oxa late in h u­
man plasma ultra fil trate by ion chromatography. J Chrom 
B 1997;700:261-8. 

37 Carbonneau M L\ , Peuchant E, Sess D , Canioni P, Clerc i\1. 
Free and bound maloned ialdehyde measured as thiobarbi­
turic acid adduct by HPLC .in serum and p lasma. C lin 
Chem 1991;37:1423-9. 

38. Ev<.:rett SA, D ennis l'viF, Tozer G I'VI, P rise VR, Wardman P, 
Stratford MRL. Titric oxide in biological fl uids: analysis o f 
nitrite and nitrate by high per fo rmance ion chromatOgra­
phy. J Chromatogr A 1995;706:437-42. 

39. H arkn ess RA. Hypoxanthine, xanthine and urid ine in body 
flu ids, indicators of ATP deple tion . J Chromatogr 
1988;429:255-78. 

40. H arkness RA, Saugstad O D. T he importance of ATP de­
pktion and subsequent cell damage with an estimate of size 
and nature of the market fo r a practicable method: a review 
for designed technology transfer. Scand J Clin Lab Invest 
1997;57:655-72. 

41. Werness P C , Brown CM, Smith l.f-1. EQUJI .-2: a Bi\ SIC 
computer program for the calculation of urinar}' satura tion. 
J Uro11985;134 :1242-4. 

42. Aspl in JR . Obesity and urolithiasis. Adv C hronic Kidney 
D is 2009;16:11-20. 

43. Obligado SH, Goldfarb D S. T he association of nephrolithi­
asis with h)•pertension and obesity. i\m J 1-Iypertens 
2008;21:257-64. 

44. Gambaro G, D'Angelo A, Fabris A, Tosetto 1 ~, Anglani F, 
Lupo A. Crystals, RandaU's plaques and renal stones: do 
bone and atherosclerosis teach us something? J Neph rol 
2004;17:774-7. 

45. Coe 1 ' I., Evan i \ P, l.ingeman J E, Worceste r Ei'v£. Plaques 
and deposits .in nine human stone diseases. Urol Res 
201 0;38:239-4 7. 

46. N ancoUas H G, Henneman ZJ. Calcium oxalate: Calcium 
phosphate trans formations. Urol Res 2010;38:277-80. 

47. Visser M, Bouter LM, J\1icQ uillan G i\f, Wiener iVI f-1 , H arris 
T B. E leva ted C-reactive protein levels .in overweight and 
ob ese adults. J AivLA 1999;282:2131-5. 

48. Manoharan M, Schwille PO, Sch miecll A. Are plasm a and 
red blood cell (RilC) levels o f ant.ioxidative vitamins and 
uric acid disordered in idiopathic calcium urolithiasis 
(ICU)? A prelimary report. In: U rolithiasis 2000; Rodgers 
AI, Hibbert BE, Hess B, K han SR, Premingcr GM (eds) . 
University of Cape Town, 2000, 547-9. 

49. Oberg BP, MclVlenamin E, Lucas FL, i\ lcl\'fo nagh E, Mor­
row J , Ikizlar TA, f-Iimm el farb J. Increased p revalence of 
oxidant stress and inflammation in patients with m oderate 
to severe kidney di sease. Kidney I n t 2004;65:1 009-16. 

50. Merchant ML, Cummins T, Wilkey DW, Salyer SA, Powell 
D W, i( iein Jil , l .ederer ED. Protcomic analysis of renal cal­
culi indicates an important role fo r in fl ammatory processes 
in calcium stone formation. Am J Physiol Renal Physiol 
2008;295:F1 254-F1258. 

51. Canales BK, /\ nderson J ., !-Iiggins 1., Ensrud-Bowlin l<, 
Roberts KP, Wu B, Kim IW, Monga M. P roteome of hu­
m an calcium kidney stones. Urology 2010, Oct;76(4) :1017 
el3-20. Epub 2010 Aug 14. 

52. Halliwell il . Hypothesis : Protcosomal dysfunction. J\ p ri­
mary event in neurogeneration th at leads to nitrative and 
oxidative stress and subsequent cell death. i\nn lY Acad 
Sci 2002;962:182-94. 

53. Nakagawa I, Kang O H , Ohashi R, Suga S, Herrera-i\costa 
J, Rodriguez-l turbc !3, Johnson RJ. Tubular-inters ti tial dis­
ease: role of ischemia and microvascular disease. Curr Op 
Neph rol H yp ertens 2003; 12:233-41. 

54. Eschwege T , Paradis V, Conti M, f-Iolstege A, Rich et F, 
D etcve J, 1\·lenngcr P, Legrand A, Jardin i\, Bcdoss~ P, 
Benoit C. In situ detection of lipid perox.idation byp rod­
ucts as mar kers of renal ischemia injuries in rat kidney. J 
Urol 1999;162:553-7. 

55. Sells RA, McLoughlin GA, Tyrell I. Renal cortical cation 
composition as an index o f kidney graft viability (abstract) . 
Br J Surg 1974;61:326. 

56. Schm.icdl A, Schwille PO, Bonucc.i E, Seitz T, Schwille RM, 
Manoharan M. Renal cortical calcification in srngcneic in­
tact rats and those receiving an in frarenal thoracic aortic 
graft: possible etiological roles of endothelin nitrate and 
m inerals, and di fferent preventive effects of long-term oral 
treatment with magnesium, ci trate and alkali-containing 
prepa ration s. Urol Res 2001;29:229-37. 

57. Azevedo LCP, Pedro MD A, Sou7.a LC, Souza H PD, 
Janiszweskr M, Luz PLD, Laurindo JIRM. Oxidative stress 
as a signaling mechanism o f the vascular response to injury: 
T lie redox hypothesis of restenosis . Cardiovasc Res 
2000;4 7:436-45. 

58. T rayhurn P, Wang B, Wood IS. Hypox ia and the endocrine 
and signaling role of white adipose tissue. 1\ rch Phrsiol 
Biochcm 2008;1 14:267-76. 

59. Rutkowski JM, Davis KE, Scherer PE. Mechan isms of obe­
sity and related pathologies: the macro- and microcircula­
tion of adipose tissue. FEllS J 2009;276:5738-46. 

60. Greenstein i\S, I<havandi K, Withers SB, Sunoyama 1(, 
Clancy 0, je7.iorska M, Lainy I , Yates 1\P, Pemberton P\\1, 
tvfalik RA, Heagerl)' M I. l .ocal inflammation and hypoxia 
abolish the p rotective anticontractile properties of perivas­
cular fat in obese p atients. Circula ti on 2009;119:1 661-
70. 

61. Trayhurn P, Wood IS. i\dipokines: inflammation and the 
pleiotropic role of white adipose tissue. Br J Nutr 
2004;92:347-55. 

62. i\fody N, Parhami F, Sarafian TA, Demer Ll .. Oxidative 
stress mod ulates os teob lastic differentiation of vascular and 
bone cells. Free Radic Biol iYlcd 2001;31:509-19. 

T 



August 8, 2011 E UROPEAN JOCRNAT. OF ;\JJ::DlC \L RESEARCH 363 

63. Shroff RC, McNair R, Skepper JN, Figg N, Schurgcrs LJ, 
Deanfield J, Rees L, Shanahan c,vr. Chronic mineral dys­
regularion promotes vascular smooth muscle cell adaption 
and extracellular matrix calcification. J 1\m Soc Nephrol 
201 0;21 :103-12. 

64. Valhmu \'{IB, Wu LN, Wuthicr RB. Effects of Ca/Pi ratio, 
Ca2+xPi ion product, and pi! of incubation fluiu o n accu­
mulation of ''5Ca2+ by matri" vesicles in vitro. Bone i\liner 
1990;8:195-209. 

65. Barkin J, Wilson DR, Arief Manuel M, Bayley A, i\lurray T, 
Harrison J. Bone mineral content in idiopathic calcium 
nephrolithiasis. Min 1-:lectrol JVIerab 1985;11 :19-24. 

06. Ghazali A, Bataille P, Sola! MC, Marie A, Brazier Ivf, Se­
berth JL, Prin L, rournier ;\. Bone involvemenr in idio­
pathic calcium lithiasis. Nephrologie 1995;16:351-69. 

67. Fukagawa .tvi, llamada Y, Nakanishi S, Tanaka l\.f. The kid­
ney and bone metabolism: nephrologists' point of view. J 
Bone Miner Metab 2006;24:434-8. 

68. Chaudry IH. Usc of ATP following shock and ischemia. 
i\ nn NY Acad Sci 1990;603:1 30-40. 

69. Chaudry IH. Cellular mechanisms in shock and ischemia 
and their correction. i\m J Physio11983;245:R 1'17-R134. 

70. Michiels C, Arnoud T, Remaclej . l ~nJothelia l cdl respons­
es to hypoxia: initiation of a cascade of cellular events. 
Biochim Biophys Acta 2000;1497:1 -10. 

71. Freeman BA, Crap J D . Bioloh'Y of disease. Free radicals and 
tissue injury. Lab l m>cst 1982;47:412-6. 

72. Semen;r.a Gl.. Life with oxrgcn. Science 2007;318:62-4. 
73. DeCavanagh Ei\J, I nserra F, Fcrdcr M, Ferder L. From mi­

tochondria to disease: role of the renin-angiotensin system. 
Am J Nephrol 2007;27:545-53. 

74. Eckardt KU, Bernhardt \XIM, Weidcmat1Jl A, Warnecke C, 
Rosenberger C, \V'iesener IVIS, William C. Role of hypoxia 
in the pathogenesis of renal disease. Kidney I nt Suppl 
2005;5-46-S-51. 

75. Kinne-Safran fo:. Rena] }I + 1\l'Pasc. NY Acad Sci 1989;574: 
189-99. 

76. Ermak G, Davies KJ . Calcium and oxidative stress: from 
cell signaling to cell death. Mollmmunol 2002;3B:713-21. 

77. Taylor CT. :tvli tochondria and cellular oxygen sensing in the 
HIF pathway. Biochem .J 200B;409:19-26. 

78. Rankinen T, f-l ietanen .E, Viiisiincn S, Lehtiii M, Penttila I, 
Bouchard C, Rauramaa R. Relationship between lipid per­
oxidation and plasma fibrinogen in middle-aged men. 
Thromb Res 2000;99:453-9. 

79. Pafctt ML , Walker BR. Vascular adaptions to hypoxia: 
modular and cellular mechanisms regulating vascular tone. 
hssays Biochem 2007;43:1 05-19. 

80. Palm F, Teerlink T, Hansell P. Nitric oxide and kidney oxy­
genation. Curr Opin Nephrol Hypcrn:ns 2009;18:68-73. 

B'l. l( ruger R, Schiitte R, Huismann HW, van Rooyen JM, 
'Malan Ml', Fourie Clvl, I .ou \'{IR, van der \XIesthui7.en l'H , 
van D eventer CA, i\ lalan L, Schi.ittc Al\I. Associatio ns be­
tween reactive oxygen species, blood pressure and arterial 
stiffness in black South /\fricans: the SA13PA study. J l-l um 
Hypcrrcns 2011,Jan 27. hpub ahead of print. 

B2. Anderson TIC. Calcific diseases. A concept. Arch Parhol 
Lab .t'vicd 1983;107:341-8. 

83. PatschanD, Patschan S, Go be Bll, Chin tala S, Goligorsky MS. 
Uric acid heralds ischemic tissue injury to mohili~e endothe­
lial progenitor cells. J ;\m Soc Nephrol 2007;18:1516-24. 

84. Ohman S, Larsson 1., Tiselius HG. Clinical significance of 
phosphate in calcium oxalate urinary calculi. Ann Clin 
Biochcm 1991 ;28:59-63. 

85. Tiselius IIG. Is precipitation of calcium phosphate an im­
portant factor for the development of calcium oxalate 
stones in the urinary tract? Front lliosci 2003;8:326-32. 

B6. Baumann JM, Affolter B, Caprez U, Laupcr D, Maier F. 
Hydroxyapatite induction and secondary aggregation of cal­
cium oxalate, two important processes in calcium stone for­
mation. Urol Res 2001 ;29:417 -22. 

B7. Achilles W,Jockel U, Schaper i\, Burk M, Riedmiller H. In 

vitro formation of "urinary stones" . G eneration o f 
spherulites of calcium p hosphate in gel and overgrowth of 
calcium oxalate using a new flow model of crystallization. 
Scanning .tviicrosc 1995;9:577-86. 

88. Kantham L, Quinn S.J , Egbuna OI, Baxi 1(, Butters R, Pang 
JL, Pollak MR, Gol tzman D, Brown Ei\1. The calcium­
sensing receptor (CaSR) defends against hypercalcemia in­
dependently of its regulation o f parathyroid hormone se­
cretion. i\m J Physiol 1\ndocrinol Me tab 2009;297: J\915-
E923. 

89. Giachelli CM. Vascular calcifi cation: in vitro evidence for 
the role of inorganic phosphate. J i\m Soc Nephrol 2003;9 
Suppl 4: S300-S304. 

90. Forstcrmann U. l':itric oxide and oxidative stress in vascu­
la r disease. Pfl iigers Arch 2010;459:923-39. 

91. O'lhicn ER, Garvin MR, Stewart D K, Hi nohara 'l', Simp­
son JB, Schwart7. SJ\I, G iachclli Ci\1. O steopontin is synthe­
sized by macrophage, smooth muscle and endothelial cells 
in primary and restenotic human carotid artery plaques. Ar­
teriosckr Thromb 1994;14:1 648-56. 

92. Miller NL, Will iams JC, Evan AP, Bledsoe SB, Coe FL, 
Worcester EiVJ, Munch .LC, I Ianda SE, Lingeman JE. In id­
iopathic calcium oxalate stone formers, unattached stones 
show evidence of having originated as attached stones on 
Randall's plaque. BJ U lnt 2010;105:242-5. 

93. I.O:van AP, Coe FL, Rittling SR, Bledsoe s ;\1, Shao Y, Li.ngc­
man JE, Worcester E:\L Apatite plaque particles in inner 
medulla of kidneys of calcium oxalate stone formers: ostco­
pontin localization. Kidney l nt 2005;68:145-54. 

94. Mo 1., l .iaw L, Evan /\ P, Sommer AJ, Lieske JC, W u XR. 
Renal calcinosis and stone fo rmation in mice lack ing osteo­
ponrin, Tamm-J Iorsfal l p rotein or both. Am J Physiol Re­
nal Physiol 2007;293:F1935-Ji1943. 

95. Berlett FlS, Stadtman 1\R. Protein oxidation in aging, di s­
ease and oxidative stress. J Bioi Chcm 1997;272:20313-6. 

96. Jono S, Peinado C, Giachelli CM. Phosphorylation of os­
tepontin is reguircd for inhibitio n of vascular smooth mus­
cle cell calcification. J Bioi Chem 2000;275:20197-203. 

97. Amlal H, Ledoussal C, SheriffS, Shull GE, Soleimani M. 
Downregulation o f renal I\QP2 water channel and N I<CC2 
in mice lacking the apical Na+-H+ exchanger NH.I-:3. J 
Physiol 2003;553:511-22. 

98. Pacher P, Beckman JS, l.iaud et L. Nitric oxide and perox­
ynitrate in health and Jisease. Physiol Rev 2007;87:315-424. 

99. Kanabrocki EL, Third J LHC, Ryan MD, Nemchausky BA, 
Shirazi P, Schcvi LE, i\ lcCormick J ll, H ermida RC, Bremn­
er WF, Hoppcnsteadt Di\, Fa reed J, Olwin J H. Circadian 
relationship of serum uric acid and nitric oxide. ji\MA 
2000;283:2240-1. 

100. Kumar V, Farcll G , Yu S, Harrington S, Fitzpatrick L, 
Rzewuska E, j'viiller VM, l .ieske J C. Cell biology of renal 
calcification: contribu tion of crystal transcytosis, cell-medi­
a tec..l calcification, and nanoparticlcs. J Investig J\ led 2006; 
54:~'1 2-24. 

101. Schopper 11, Shroff RC, Ho fbauer LC, Shanahan C,\1, E x­
ploring the biology of vascular calcification in ch ronic kid­
ney disease: what's circulating' Kidney Int 2008;73:384-90. 

102. Levy hD, Landry CR, J\lichnick S\\1. Signaling th rough co­
operation. Science 201 0;328:983-4. 

103. Rappaport SI\II, Smith MT. Environment and disease risk. 
Science 201 0;330:460-1 . 

R eceircd: /lpril 21, 2011 / / I mptrd: April 30, 2011 

Addru.r for correspondmce: 
Paul 0. Schwillc, M.D. 
5, Finkenweg 
91080 Uttenreuth / Erlangen 
Germany 
Phone: +49-(0)9131-59790 
Fax: +49- (0)9131-533331 
E-mail: ml.rasenack@web.de 



A PPENDICES I-III 

I. Complementary data of urine (Fig. I, f-2; Table 2a) and plasma (Table 2b). For other informations see there. 

Urine Plasma 

Code Markers HX XA UA Ox Cit Na K Mg Mg Ox 
Strata !lM !lM !lM !lM mM mM mM mM mM ·1"1 11MT1 

A P-UA 
L 12.4(0.9)[29] 7.3(0.6)[29] 378(12) 24(3) 0.31(0.02) 13( 1) 8(0.3) 0.28(0.0 1) 0.85(0.0 I) 1.74(0.08)[25] 
H 11.3(0. 7)(34] 5.4(0.6)[34] 404(18) 21(1) 0.27(0.01 ) 12( 1) 8(0.3) 0.14(0.01) 0.85(0.01) 1.63(0. I 0)[27] 
p 0.15 o.oosd 0.12 0. 18 0.04 0.10 0.12 0.02 0.32 0.19 

B U-MDA 
L 12. 1(0.9)[27] 5. 9(0. 7)[27] 35 1(13) 24(3) 0.26(0.01) 11(1) 7(0.3) 0.24(0.01) 0.85(0.00) 169(0.11 )[22] 
1-1 I 17(0.7)[36] 6.6(0.5)(36] 430(16) 21( I) 0.31(0.0 1) 14(1) 9(0.3) 0.27(0.01) 0.86(0.0 I) 1.69(0.08)[30] 
p 0.32 0.21 <0.001 0.16 0.009 0.001 0.001. 0.04 0.04 0.49 

c U-MDA/P-UA 
L 110(0.7)[3 1] 4.9(0.5)[31] 361(13) 24(3) 0.26(0.01) II( I) 7(0.3) 0.23(0.01) 0.84(0.00) 1.56(0.08)(24] 
H 12.6(0.9)[32] 7.7(0.6)[32] 421(17) 21( 1) 0.32(0.02) 15( I) 9(0.3) 0.29(0.0 I) 0.86(0.01) I. 79(0.09)[28] 
p 0.09 <0.001 0.002 0. 16 0.001 0.001 0.001 0.001 0.02 0.04 

D U-NIT 
L 11.4(0. 9)[ 18] 6.4(0 .8)[18] 374(15) 26(4) 0.29(0.02) 12( 1) 7(0.4) 0.24(0.01) 0.85(0.0 I) 1.65(0.11)( 19] 
1-1 12.2(0.8)[27] 6.7(0.6)[27] 404(22) 21(1) 0.30(0.02) 13( 1) 8(0.4) 0.28(0.02) 0.86(0.0 1) 1.65(0.09)[27] 
p 0.26 0.38 0.13 0.04 0.34 0.07 0.02 0.02 0.20 0.49 

E U-NIT/P-UA "' L 11.2(0.9)[1 7] 5.5(0.9)[1 7] 384(22) 26(4) 0.29(0.02) 12(1) 12(0.7) 0.23(0.01) 0.85(0 01) 1.4 7(0.09)[ 18] 
H 12.3(0.8)[28] 7.2(0.6)(28] 394( 19) 21( I) 0.29(0.02) 13( 1) 8(0.4) 0.29(0.02) 0 86(0.01) I. 77(0.09)[28] 
p 0.20 0.05 0.35 0.04 0.37 0. 10 0.19 0.005 0.10 o.oz 

Shaded areas: parameters supposedly partic ipating in IRCU pathogenesis (see also APP III) . 

AVP Osmolarity 
pg·mr1 m0sm·l· 1 

4.7(0.5)[26] 294( 1.2)[26] 
4.8(0.5)[31] 296(0.3 )[29] 
0.43 0.08 

5.6(0.6)(24] 296( 1.2)[25] 
4.2(0.3)[33] 295( 1.0)[30] 
0.01 0.28 

5.0(0.6)[27] 296( II )[27] 
4.2(0.3)[30] 295( 1.1)[28] 
0.02 0. 19 

5.0(0.8)(17] 293( 1.4 )[20] 
4.6(0.4)[25] 297(0.9)[25] 
0.30 0.02 

4.8(0.7)[17] 294( 16)[ 19] 
4.7(0.5)[25] 296(0.8)(26] 
0.43 0.19 

1.25(01-1)20 
pg·mr1 

52(2)[74] 
56(2)[72] 
0.13 

54(2)[76] 
54(2)(70] 
0.40 

53(2)(74] 
55(2)[72] 
0.17 

56(3)[57] 
53(2)[55] 
0.21 

55(3)[57] 
53(2)(55 J 
0.31 
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II. Renal fractional excretion (FE) of substances selected from Tables 2a, 2b, APPENDIX I. For other 
informations see there. 

Code Markers FE-U A FE-Ox FE-Cit FE-Ca FE-Pi FE-N a FE-K FE-Mg 
Strata % % % % % % % % 

A P-UA 
L 8.4 (0.3) 115 (I I) 23 (2) 1.6 (0. 1) 8.5 (0.5) 0.67 (0.04) 13.2 (0.6) 2.8 (0.1) 
H 7.4 (0.4) 104 (8) 18 (2) 1.5 (0. 1) 9.0 (0.6) 0.64 (0.04) 13.7 (0.7) 2.7 (0.2) 
p 0.006d 0.20 0.05 0. 11 0.25 0.34 0.28 0.38 

B U-MDA 
L 7.5 (0.3) 95 ( I 0) 20 (2) 1.6 (0.1) 8.4 (0.5) 0.6 1 (0.04) 12.5 (0.6) 2.7 (0.1 ) 
H 8.3 (0.4) 120 {9) 21 (2) 1.6 (0. 1) 9.0 (0.5) 0.70 (0.04) 14.3 (0.7) 2.8 (0.2) 
p 0.05 0.02d 0.34 0.42 0.20 0.06 0.02 0.22 

c U-MDA/P-UA 
L 7.2 (0.3) 103 (9) 19 (2) 1.5 (0. 1) 8.4 (0.5) 0.60 (0.04) 12.5 (0.6) 2:6 (0.1) 
H 8.6 (0.4) 11 5 (10) 22 {2) 1.6 (0. 1) 9.0 (0.5) 0.70 (0.04) 14.3 (0.6) 2.9 (0.1) 
p 0.002 0.20d 0. 14 0.23 0.22 0.04 - 0.002 0.0_.5 

D U-NIT 
L 8. 1 (0.4) 107 ( 12) 24 (3) 1.6 (0.1) 8.6 (0.6) 0.62 (0.04) 13.1 (0. 7) 2.6 (0.2) 
1-1 7.5 (0.4) 114 ~9) 20 (2) 1.5 (0. 1) 8.9 (0.6) 0.63 (0.04) 13.4 (0.7) 2.7 (0.2) 
p 0.14 0.28 0.12 0.18 0.34 0.43 0.40 0.38 

E U-NIT/P-UA 
L 7.9 (0.5) Il l (I I) 22 (3) 1.6 (0. 1) 8.6 (0.6) 0.63 (0.04) 13.6 (0.7) 2.6 (0.2) 
H 7.7 (0.3) 112 ~9) 21 (2) 1.5 (0.1) 8.9 (0.5) 0.63 (0.05) 12.9 (0.7) 2.8 (0.2) 

~ 0.35 0.38 0.23 0.39 0.48 0.73 0.26 p 0.47 

Shaded areas: parameters supposedly participating in JRCU pathogenesis (see also APP lli). 
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Ill. Simple correlation of33 paired observations and components of MRA; *:For abbreviations and dimensions see Tables I , 2a, 2b, APP I, II;**: IRCU area considered; +: 
'-» 
0. 
0. 

coefficient and pertinent p-value in SF and SB, respectively; ++: partial coefficient and pertinent p-value of positions included in MRA (see Table 4); ':correlation based on 

log10 data. 

Variables* SF SB 

Posi- Blocks** influential Dependent + + beta.,.. +- + - beta++ +- Remarks n r p p n r p p 

tions 

I FE-N a U-pH 79 0.22 0.05 -0.12 0.38 75 0.12 0.3 1 -0.004 0.98 

2 FE-K U-pH 77 0.32 0.005 0.32 O.Ql 55 0. 19 0. 11 0. 19 0.27 

3 B-pH U-pH 79 0.28 0.0 1 75 0.01 0.93 

4 "Acid- B-HC03. U-pH 79 0.38 0.001 0.36 <0.001 75 0.09 0.94 -0.06 0.64 

5 Base" B-HC03. UM 79 0.28 0.0 1 0.09 0.45 75 0.07 0.55 -0.23 0.07 tT. 
c 

6 U-Na' U-Volume• 79 0.49 <0.00 1 0.35 <0.001 75 0.58 <0.001 0.04 0.80 ;z:J 

7 FE-N a U-Volumc• 79 0.3 1 0.006 79 0.3 1 0.001 0 

"' 8 (U-HX + U-XA)' U-pH 33 0.44 0.01 30 0.36 0.05 a t:1 
> z 

SS-CaOx 61 I D-BP -0.31 0.0 1 62 -0.1 5 0.24 ....... 

2 U-MDA' D-BP 65 0.29 0.02 0.27 0.12 65 0.16 0.21 -0.12 0.31 0 c 
3 "Blood P-PTH D-BP 64 0.27 0.03 63 0.17 0.20 ~ 
4 pressure, U-NIT" FE-UA" 52 -0.29 0.03 0.02 0.90 65 0.04 0.77 0.08 0.50 C: 
5 Uric acid" P-UA D-BP 65 0.26 0.04 65 0.04 0.60 

6 BMI D-BP 65 0.25 0.05 0.13 0.4 1 65 0.47 <0.001 0.48 <0.00 1 0 

7 BMI P-UA 79 0.29 0.01 -0.29 0.05 75 0.26 0.02 -0.40 <0.001 
'TI 

E::: 
t:1 

1 U-NIT' p i\'P 52 -0.3 1 0.02 -0.33 0.34 65 0.02 0.88 -0.53 0.07 ti 

2 U-MDAX . PNP 79 -0.13 0.25 -0.79 0.07 75 0.31 0.007 1.15 0.004 n 
(U-NIT/ f-UA)' 

>-
3 pi\'P 52 -0.38 0.005 -0.01 0.97 65 -0.03 0.80 0.45 0. 13 b :-< 

4 "Protein" (U-MDN P-UA)' PNP 79 -0.26 0.02 -0.91 0.04 75 0.22 0.06 -1.02 0.02 c ;z:J 
r:r1 

5 P-UA PNP 76 0.38 0.00 1 -0.23 0.04 72 0. 12 0.32 -0.15 0.19 (/l 

6 ( u NPIP Nl' )' U-Volume 75 -0.26 0.02 0.27 0.10 73 -0.30 0.01 -0.34 0.004 
r:r1 
> 
::::0 
n 

(UM/PM)' UM/(U -Cit)' 78 0.71 <0.00 1 0.49 <0.001 75 0.71 <0.001 0.63 <0.00 1 d ::r: 
2 (UM/PM)' U~.AU-Mg)' 79 0.7 1 <0.001 0.41 <0.00 1 75 0.63 <0.001 0. 19 0.26 d 

3 (UM/PM)' U-pH 79 0.25 0.02 -0.07 0.40 75 -0.27 0.02 -0.20 0.01 

4 "Calcium" (UM/PM)' (U-Na+ U-K)' 79 0.41 <0.001 -0.03 0.77 75 0.06 0.60 -0.22 0.01 

5 (UM/PM)' (UI\'p/PNrf 76 -0.002 0.99 -0.23 0.007 72 -0.02 0.87 0.15 0.08 

6 P-PTH PM 77 0.32 0.004 0.43 0.002 72 0.05 0.69 -0.02 0.91 

7 U-NIT' PM 52 -0.09 0.51 -0.10 0.44 65 -0.34 0.005 -0.33 0.01 

8 BMI PM 79 0.26 0.02 0.18 0.18 75 -0.08 0.52 -0.09 0.49 

9 BMI U-HX' 33 0.4 1 0.02 30 -0.29 0.12 a 

10 U-NIT' P-PTH 50 -0.05 0.71 63 -0.33 0.009 e 

II (U-N1TIP-UA)' P-PTH 50 -0.08 0.60 63 -0.39 0.002 e > 
12 P-PTH 1,25(0H)2D 73 0.27 0.02 68 0.25 0.04 e c 

"" c 
~ 
-~ 

a: position not included in MRA (low number of observations detracts from power o ~ statistical testing); b. c: in SF patients a role ofP-UA as antioxidant appears indeterminate; N 
0 

d: positions appear modified by U-volume (see position 6 in block Protein) but were included in MRA; e: positions not included in MR/\ 
..... .... 

- --
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