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Abstract Emotional stress is associated with e.g. incre-
ased hormone release, high blood-sugar level and blood
pressure. Stress clearly affects metabolism. Whether
chronic stress exposure leads to altered urinary composi-
tions with increased risk of CaOx; urolithiasis was exam-
ined by investigating the relation between stress burden
and urine composition. 29 controls (CG), 29 CaOx stone
formers (SF), and 28 patients with chronic inflammatory
bowel diseases (CIBD) were advised to avoid unfavorable
aliment. Any urolithiasis-related medications were stopped.
At day 5, a 24-h urine was collected and comprehensive
urinalysis performed. AP (CaOx) index was calculated.
Subjects completed a questionnaire designed to measure
perceived stress (“Trier-Inventory-of-Chronic-Stress”).
Mean AP (CaOx) in CG, SF and CIBD amount to 0.8
(£0.3), 1.2 (£0.7), and 1.9 (£1.2), respectively. Increased
AP (CaOx) in SF is mainly attributed to an increased effect
of calcium and oxalate, whereas in CIBD this is addition-
ally caused by a reduced effect of citrate, magnesium and
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volume. Stress dimensions are correlated to any investi-
gated urinary parameter with an absolute value of
r < 0.600; some correlations are statistically significant:
whereas in SF only one combination, “lack of social rec-
ognition” versus calcium, shows significance, in CIBD
various combinations are significantly related. In particu-
lar, sodium excretion increases with stress. In CG, some
stress dimensions are directly related to citrate; with
increasing stress, protection against CaOx crystallization
tends to increase. It could be shown that stress load and
urinary composition are related by statistical means. The
observed metabolic stress response patterns in urinary
compositions are different for the distinct groups, thereby,
reflecting a conclusive picture. This is in particular in
CIBD, for which a link between stress and inflammatory
activity and between inflammatory activity and altered
urinary composition is well established.

Keywords Risk of stone formation - Stress evaluation -
Urinary alteration - Urolithiasis

Introduction

“Stress” as a disease is a multi-stage disorder with
increasing economic impact [1]. Clinically, stress is, inter
alia, associated with increased hormone release, increased
blood sugar level, heart rate and blood pressure, and
weakening of the immune system.

Hormonal, the stress reaction is first of all characterized
by an increased secretion of corticotropin-releasing factor
(CRF), adrenocorticotropic hormone (ACTH) and cortisol,
by the release of catecholamines (e.g. adrenaline,
noradrenaline). But also an increased release of other
hormones can be observed as a response to stress exposure;
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namely, thyroid hormones, antidiuretic hormone (ADH),
growth hormone, gluacon and prolactin. Furthermore,
stress lowers the excretion of prostaglandins.

Stress influences the gastrointestinal, cardiorespiratory,
metabolic, and immune systems. A compact overview of
this topic is given in [2].

Chronic stress exposure potentially leads to various
acute and chronic disorders, such as chronic exhaustion,
chronic hypertension, heart attack and stomach ulcer.

Emotional stress burden, as associated with a dis-
turbed hormone balance, clearly affects metabolism and
may, therefore, significantly alter urine composition with
the intensity of exposure [3-7]. For example, as cortisol,
inter alia, reduces intestinal calcium absorption and
thereby affecting bone metabolism, it can increase the
renal Ca excretion [2]. In case of long-standing stress
exposure, the then prolonged alteration of the urinary Ca
concentration may influence an individual’s urinary stone
formation risk.

Psychological stress is widely believed to play a major
role in functional gastrointestinal disorders. There is evi-
dence that psychological stress affects disease activity and
causes exacerbation of symptoms of inflammatory bowel
diseases, such as ulcerative colitis and Crohn’s disease [8—
12] both known as serious risk factors of calcium oxalate
urolithiasis. In case of chronic disease activity, related
intestinal malabsorption of water and electrolytes, e.g. of
sodium, potassium, magnesium, citrate and bicarbonate,
usually results in reduced urinary concentrations of mag-
nesium and citrate as well as in low urinary pH. In many
cases, patients, in particular, those also suffering from
colon resection, in addition, show intestinal oxalate hy-
perabsorption—as a result of a fat malabsorption syndrome
with related steatorrhea—and therefore commonly hyper-
oxaluria. Urinary compositions altered in such way sub-
sequently result in calcium oxalate lithiasis [13—15].

Despite the social impact of stress-related diseases, only
scarce data dealing with the influence of negative stressors
on the urinary lithogenicity are available [16-22].

The present study investigates whether chronic stress
exposure and burden are related to altered urinary com-
positions with increased risk of CaOx stone formation.

Materials and methods

Study group

The study included 29 controls (CG), 29 recurrent idio-
pathic CaOx stone patients (SF), and 28 patients suffering
from chronic inflammatory bowel diseases (26 Morbus

Crohn, 2 idiopathic chronic inflammations, CIBD); cur-
rently, 14 of the latter also form CaOx stones. By none
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of the participants, an acute urinary tract infection was
detected.

Based on the inventory questionings and/or medical
records, any CIBD patient is indicated by ileum resection
(range 20-100 cm) in the past; 4 out of the 14 stone
forming ones presented additionally with partial colon
resection of, however, unspecified length. During study,
none of the CIBD patients suffered from an acute inflam-
matory episode.

Both patient groups, SF and CIBD, were chosen as they
form—or are prone to form—CaOx stones due to quite
different pathogenetic mechanisms, each of them presum-
ably with a different degree of stress involvement: Whereas
idiopathic stone disease is related to a more complex
mechanism involving also renal handling and bone
metabolism; stone formation as a consequence of chronic
inflammatory bowel disease is exclusively related to dys-
functions of intestinal absorption with the kidney(s) then
acting as “innocent bystander(s)”.

Table 1 summarizes the epidemiologic characteristics of
the investigated groups in detail clearly depicting that in
SF, the risk factors of the so-called “metabolic syndrome”
(e.g. overweight, diabetes mellitus, cardiovascular disease)
occur more frequently than in the other (study) groups.

Prior to urine collection, all participants were kept on a
self-choiced western diet which followed the general
mainstream behavior. Precarious findings with respect to
dietary habits which require acute advice, however, were
not observed at any participant. However, they were

Table 1 Statistical key characteristics of investigated groups

Parameter (unit) CG SF CIBD
Number 29 29 28
Sex (male/female) 23/6 25/4 17/11
Age (mean/SD) (years) 54/14 55/12 39/13
BMI (mean/SD) (kg/m?) 24/4 27/4 23/3
Thyroid dysfunction (%) 3 7 0
Osteoporosis (%) 0 3 36
Diabetes mellitus (%) 3 14 0
Cardiovascular disease (%) 16 32 18
Stone episodes in the past (%) 0 100 32
Renal stone(s) at the time of study (%) 0 55 46
Family history of stone disease (%) 7 41 11
Reported morbid stress (%) 24 76 36

Remarkably, SF showed highest frequency of characteristics associ-
ated with the metabolic syndrome. The mean age of the stone formers
in the CIBD group amounts to 48 £ 6.5a, an indication of a poten-
tially increasing correlation between age, susceptibility to stress and
inflammatory activity and stone formation

BMI body mass index, CG control group, SF calcium oxalate stone

formers, CIBD patients suffering from chronic inflammatory bowel
disease (predominantly Crohn’s disease), SD standard deviation



Urol Res (2010) 38:161-168

163

advised to strictly avoid for 5 days aliments and beverages
that are known to significantly alter the urinary concen-
trations of lithogenic components (e.g. spinach, hard
cheese) or increase diuresis to an uncommon extent (e.g.
coffee). All patients with stone were instructed to pause
any stone metaphylaxis-related medications (e.g. alkali
citrates, Ca- and Mg-preparations, cortisone). At day 5,
a 24-h urine was collected, according to the recommen-
dations of the current German Guidelines on Urolithiasis,
in clean and disinfected plastic bottles (2,000 ml) con-
taining 10 ml thymol (5% thymol-isopropanol solution) as
a preservative.

Laboratory analysis

Urinary concentrations of Na, K, Ca, Mg, Cl, POy, oxalic
acid (OA), uric acid (UA), citric acid (CIT), and creati-
nine, as well as urinary 24-h volume (V) and pH were
measured.

Besides the individual interpretation of the urinary con-
centrations, which represent the physicochemically relevant
variables of stone formation, the established urinalysis-based
risk index AP (CaOx) for calcium oxalate stone formation
was computed. AP (CaOx) requires five urine parameters: 24-
h excretions of calcium, oxalate, citrate, magnesium, and V,
whereby AP (CaOx) = 1.9 (Ca”* x OA)/(CA*?** x
Mgo'12 X V1'03) [23]. AP (CaOX) combines the influence of
the included promotors (numerator) and inhibitors (denomi-
nator) by weighing them in an appropriate manner.

Windows software was used for statistical analysis; a
p < 0.05 was considered to be statistically significant.

Stress assessment

Subjective stress levels were assessed with a German
version of the “Trier Inventory for the Assessment of
Chronic Stress” (TICS) [24]. The TICS questionnaire is
widely used, and has shown high internal consistency and
validity [25-28].

It is a standardized 57-item self-report scale for differ-
entiated assessment of the different specifications of
chronic stress. The items were combined to nine dimen-
sions: (1) job overload (jobo); (2) social overload (soco);
(3) pressure to succeed (pts); (4) lack of work satisfaction
(Iws); (5) too much work (tmw); (6) lack of social recog-
nition (Isr); (7) social stress (socs); (8) social isolation
(soci); (9) chronic worrying (chrw). Furthermore, a 12-item
screening scale for estimating a summing-up measure of
sensed stress (sscs) is calculated.

To evaluate stress load, subjects were asked to answer
each of the 57 items on a 5-point rating scale regarding
how frequently they have experienced specific emotionally
stressful situations during the past 3 months.

Linear regressions of urinary concentrations of selected
components versus stress dimensions according to the
TICS were performed and statistically evaluated.

Results and limitations

Table 2 lists the scores of the different stress dimensions
according to the TICS which were observed for each test
groups. For each stress dimension, mean, median and
standard deviation is given. Statistically significant differ-
ences with p < 0.05 are obtained only between SF and
CIBD at stress dimensions “chronic worrying” and
“screening scale chronic stress”.

Table 3 summarizes the statistical key numbers of
lithogenically important urinary excretions of various
parameters and AP (CaOx) of each of the test groups and
depicts the results of the inter-group comparisons by means
of statistical significances.

The renal OA excretions of the control group
(0.3 £ 0.1 mmol/day) are significantly lower than those
observed in SF (0.5 £ 0.1 mmol/day, p < 0.01) and CIBD
(0.6 £ 0.4 mmol/day, p < 0.05). The latter group (pre-
sumably) reflecting the result of intestinal oxalate hyper-
absorption which is often found in patients suffering from
inflammatory bowel diseases [13, 29]. In fact, 11 out of the
28 CIBD patients are hyperoxaluric (OA > 0.5 mmol/day);
from those 14 CIBD patients already forming CaOx stones,
nine show hyperoxaluria (OA 0.87 £ 0.37 mmol/day).

Corresponding to the different major risk factors and
related aetiopathogenesis of stone formation in SF and in

Table 2 Comparison of the stress burdens of the investigated groups

Group CG SF CIBD

Dimension Mean MD SD Mean MD SD Mean MD SD

Jobo 10.9 9 85 109 9 73 138 14 63
soco 95 10 56 98 9 57 101 11 48
pts 157 16 73 132 11 84 153 15 175
Iws 7.6 7 37 69 6 48 93 10 44
tmw 4.8 5 30 40 4 28 56 6 3.1
Isr 39 4 26 43 3 36 41 4 31
socs 5.7 6 35 58 5 40 75 7 44
soci 5.7 5 46 48 5 38 65 6 4.1
chrw 5.7 6 34 49 5 28 67 7 30
Sscs 136 13 7.7 124 11 75 173 16 64

The higher the value, the more pronounced the persons’ suffer from
the particular stress dimension. Statistically significant differences
with p < 0.05 are obtained only between SF and CIBD at stress
dimensions “chrw” and “sscs”

For abbreviations (see text and Table 1)
MD median
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Table 3 Selection of lithogenically relevant urinary parameters and AP (CaOx) index for calcium oxalate stone formation for the three test

groups

Parameter (unit) CG SF CIBD P value
Mean SD Mean SD Mean SD

24-h V (L) 2.34 0.88 2.57 0.69 1.83 0.74 b+, c++

pH 6.10 0.74 6.01 0.72 6.02 0.84 b+

Ca (mmol/day) 4.78 1.81 6.96 4.10 4.30 2.34 a+, c+

Mg (mmol/day) 4.86 1.51 5.01 1.58 2.09 1.17 b4+, c++

OA (mmol/day) 0.34 0.12 0.48 0.12 0.57 0.38 a++, b+

UA (mmol/day) 2.89 0.49 3.79 1.58 2.84 1.37 a+, c+

CIT (mmol/day) 2.38 1.79 2.50 1.25 1.34 0.98 b+, c++

AP (CaOx) (mmol/day)'> L="0 0.77 0.33 1.23 0.69 1.90 1.20 a+, b++, c+

Furthermore, the results of each urinary parameter of each test group were compared with each other and the related significance levels of the

differences are given

Pairs of inter-group comparisons: a SF versus CG, b CIBD versus CG, ¢ SF versus CIBD. Significance levels: +, p < 0.05; ++, p < 0.01. For
example, the difference in urinary pH is statistically significant between CIBD and CG with p < 0.05

Abbreviations according to Table 1 and 24-h V: 24-h urine volume; OA oxalic acid, UA uric acid, CIT citric acid, AP (CaOx) urinary ion activity

product of calcium oxalate [23]

CIBD, the latter show significantly (p < 0.05) lower Ca
excretions (4.3 £ 2.3 vs. 7.0 £ 4.1 mmol/day) and UA
excretions (2.8 = 1.4 vs. 3.8 &£ 1.6 mmol/day). In
addition, the excretions of CIT (1.3 + 1.0 vs. 2.5 +
1.2 mmol/day) and magnesium (2.1 = 1.2 vs. 5.0 £
1.6 mmol/day) are significantly (p < 0.01) lowered in
CIBD as compared to SF (Table 3).

Relative to CG, an increased lithogenic risk for SF—and
even more clearly for CIBD can be derived from calcu-
lating AP (CaOx); as to be expected, the mean AP (CaOx)
is lowest in CG and highest in CIBD; the SFs’ mean AP
(CaOx) lies in between both the groups. The AP (CaOx) of
CG is significantly different from that of SF (p < 0.05) and
CIBD (p < 0.01) (Table 3).

In Fig. 1, the numerator of AP (CaOx) is plotted versus
1/denominator of AP (CaOx) for each of the investigated
groups. Here, increasing y values indicate an increase in the
excretion of promotors of CaOx stone formation, whereas
increasing x values refer to an increasing lack of inhibitor
excretion. Dashed hyperbolae indicate constant AP (CaOx)
of, from inside to outside, 0.5, 1.0, 2.0 and 4.0, respec-
tively. Data of SF and, in particular, of CIBD show broader
scatter than those obtained from CG. According to the
interpretation scheme, stone formation risk in SF is mainly
attributed to an increased excretion of promotors with
respect to CG. In contrast, increase in AP (CaOx) in CIBD
is caused by both increased effect of Ca and, in particular,
OA, and lowered excretions of the inhibitory risk factors
CIT, Mg and V (Table 3); an outcome which coincides well
with the intestinal malabsorption patterns from which this
patient group commonly suffers. The highest positive
linear correlation coefficient observed was 0.600, found at
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the combination “social stress” and nominator of AP
(CaOx) in SF. The lowest negative linear correlation with
r = —0.498 was obtained at the combination “job over-
load” and OA concentration in CIBD. The stress dimen-
sion “lack of social recognition” showed at any of the
investigated groups highest positive correlation coefficients
with concentrations of urinary components (CG r = 0.591
in CIT, SF r = 0.370 in Ca, CIBD r = 0.544 in Na). With
respect to negative correlations, an unequivocal picture
evolves. Here, lowest values were found in CG for the
combination “pressure to succeed” versus Mg concentra-
tion; in SF and CIBD, the combinations “social overload”
versus K and “job overload” versus OA concentration
are indicated with the lowest intra-group linear correla-
tion coefficients, with values of —0.363 and —0.498,
respectively.

Figure 2 shows the significance levels of correlation
coefficients r obtained from linear regression of urinary
concentrations of selected components versus stress
dimensions according to TICS. Significance levels for r of
p <0.05 and p < 0.01 for n = 28 samples (CIBD) are
reached at r > 0.374 and r > 0.479; for n = 29 (CG, SF),
these significance levels are already reached at r > 0.367
and r > 0.471, respectively.

Whereas in SF only one combination, “lack of social
recognition” versus Ca concentration, shows statistical
significance, in CIBD, a multitude of combinations are
significantly related. In particular, Na concentration is
affected by increasing stress perception with positive and
significant linear correlations (0.409 < r < 0.544) to six
stress dimensions (Fig. 2). However, OA concentration is
inversely correlated (r = —0.498) to “job overload”; and
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midiopathic CaOx stone formers (n=29)
! 4 CIBD patients (n=28)
, @ Controls (n=29)

1.5 20 25 30 35
11 {CITMZ XM 90.12 X \||,,|.::3l

Fig. 1 Plot of numerator of AP (CaOx) versus 1/denominator of AP
(CaOx) for the different investigated groups. Increasing y values
indicate an increase in excretion of promotors of CaOx stone
formation, whereas increasing x values refer to an increasing lack in
inhibitor excretion. Dashed hyperbolae indicate constant AP (CaOx)
of, from inside to outside, 0.5, 1.0, 2.0 and 4.0, respectively. Dotted
lines pass through the center (green open circle) of the control
group’s data. Open red square and open blue triangle mark centers of
idiopathic SF and CIBD patients’ data, respectively. Ca, OA, CIT, Mg
and V: 24-h excretions of calcium, oxalic acid, citric acid and
magnesium, and 24-h urine volume (further details, see text)

statistically significant (p < 0.01). This suggests, contrary
to one’s expectations, that an increased psychological
pressure on the job is not statistically related to an increase
in OA concentration. In fact, the opposite occurs.

In controls, the important inhibitor of CaOx formation,
CIT, is directly related to four stress levels, i.e. in case of an
increasing burden in these stress dimensions, protection
against urinary stone formation tends to increase. However,
anincrease in “pressure to succeed” is significantly related to
a decrease in the urinary concentrations of K and Cl, and,
unfortunately, also of Mg, an inhibitor of Ca-stone formation.

Figure 3 depicts correlation coefficients calculated from
linear regression of the AP (CaOx)’s numerator and

reciprocal value of the AP (CaOx)’s denominator versus
stress dimensions obtained from TICS sorted by test
groups. Obviously, the different groups show different
patterns that coincide with the general picture of Figs. 1
and 2. However, correlation coefficients are also “small”
(0.1 < r <0.3) or “medium” (0.3 < r < 0.5) [30], some
showing also high statistical significance.

The group of idiopathic CaOx stone formers is indicated
by nearly any stress dimension positively correlated to both
AP (CaOx) numerator and reciprocal AP (CaOx) denomi-
nator. A positive correlation to the AP (CaOx)’s numerator
can be interpreted as an increase in the effect of the most
pronounced promotors of CaOx stone formation (Ca, OA).
However, at increased stress levels, such a correlation to
the reciprocal AP (CaOx)’s denominator indicates an
overall decrease in the effect of the important inhibitors
CaOx stone formation, CIT, Mg, and V.

Different pictures evolve in CIBD and CG: most of the
stress dimensions show direct correlations to the AP (CaOx)’s
numerator, but negative correlations to its reciprocal
denominator. A clear indication of a markedly influence of
increased stress load at this patient group is not only statisti-
cally associated with an increase in promotoric effect of Ca
and OA, but also with a counteracting increase in the com-
bined inhibitory effect of CIT, Mg, and V.

Discussion

The test groups are indicated by different (mean) urinary
compositions as well as by quite different relations
between values of stress dimensions and urinary parame-
ters. This is especially shown in Fig. 2 where different
metabolic stress response patterns evolve. The highest
number of significant correlations (n = 18) is observed in

idiopathic SF CIBD patients controls
£ Na Na —@—4A—@ @ Na ,J\
o K K K
E Ca O Ca Ca I
:" Mg Mg : Mg I
g o cl cl —
5 PO, PO, — PO,
e T cIT CIT@ O——0
E OA 0A OA
© ua UA UA
E‘ urea urea ? urea
E crea - N N crea_L ™ = = O = crea L -
5 $833izf8il B8z iicfiif iz iicgiil

Stress dimension TICS

Fig. 2 Plots indicating significance levels of correlation coefficients r
obtained from linear regression of urinary concentrations of selected
components versus stress dimensions according to TICS. Circles and
triangles indicate significance levels for r of p < 0.05 and p < 0.01,

respectively. Filled symbols indicate positive correlation, open
symbols show negative correlations. CIT, OA, UA, and crea indicate
citric acid, oxalic acid, uric acid and creatinine, respectively (for
further abbreviations and details see text)
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Fig. 3 Correlation coefficients
calculated from linear
regression of the AP (CaOx)’s
numerator and reciprocal value
of the AP (CaOx)’s
denominator versus values of
stress dimensions obtained from
TICS, respectively, sorted by
groups. Stress dimensions (see
Fig. 2). Lines marked with open
and closed stars indicate
significance levels p < 0.05 and
p < 0.01, respectively (for
further details see text)
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CIBD between a value of a particular stress dimension and
a concentration of a particular urinary component—eight
significant combinations were obtained in CG, but only one
in SF.

Even statistically significant on a considerably high
level, the obtained linear correlations at all investigated
parameter combinations are at best “medium”. Therefore,
a factual scientific relationship of such a combination is not
proved.

It remains difficult to decide, whether stone formation in
CIBD is the result of bowel disease prior to stress burden or
whether persistent stress elicits in fact bowel disease
leading to pathologically altered urine compositions.
However, it is remarkable that stress perception is most
associated with altered urinary compositions in this patient
group; an observation which is in line with the etiological
course with respect to CaOx urolithiasis: stress, inflam-
matory bowel disease, oxalate hyperabsorption and CaOx
stone formation [8—12].

It cannot be clarified whether stress is the primary cause
of disturbed urinary compositions or whether the observed
correlations are only randomly pronounced characteristics
in these patients.

The results suggest that urinary alteration due to per-
sistent psychological stress is mainly related to CIBD. In
contrast, SF show although characterized by highest
frequency of experienced morbid stress (Table 1), no sig-
nificant data set except for the positive correlation between
value of stress dimension “lack of social recognition” and
Ca concentration (p < 0.05). Surprisingly, CG shows a
multitude of statistically significant relations between
stress perception and urinary component. However, urinary
alterations, if any, are generally directed towards compo-
sitions which are indicated by the lowest mean AP (CaOx)
found in the tested groups. This may be mainly attributed
to the CIT concentration which is directly related to
increasing values of four stress dimensions (Fig. 2).

Beside the restricted number of participants, a limitation
of this study is that although obtaining considerable
statistical significances at some combinations of stress
dimensions with urinary parameters, the absolute values of
the related linear correlation coefficients are small.

Conclusion

The influence of chronic stress on urinary risk factors of
stone formation was investigated in three different study
groups for the first time using an extensive and validated
inventory for the assessment of chronic stress.

The observed patterns of statistical relationships bet-
ween urinary components and specific stress dimensions
make some explanations much more plausible than others.

However, a clear causal relationship (or absence of
causality) for any of the correlations observed, could not be
determined. The occasionally observed high statistical
significances for some combinations of stress dimensions
and urinary parameters are clear indications of an under-
lying cause and effect relationship between stress load and
alteration of urinary composition. However, this complex
relationship is yet to be discovered.

Therefore, examining a patient having stone suffering
from emotional stress, the urologist should take into
consideration that this emotional load might be a strong,
but less aware influential factor in that patient’s stone
etiology.

However, in CIBD, the number of significant correla-
tions between value of stress dimension and urinary
parameters might coincide also with a clinical relevance.
Until now separately made observations of a stress-induced
increase in intestinal inflammatory activity and of a clear
evidence of increased stone formation risk in these patients
(e.g. due to increased intestinal oxalate absorption) are in
this study for the first time conclusively linked.
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