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Chronic stress and calcium oxalate stone disease:
is it a potential recurrence risk factor?
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Abstract Chronic emotional stress is associated with

increased cortisol release and metabolism disorders. How-

ever, few studies have evaluated the influence of chronic

stress on calcium oxalate (CaOx) stone disease and its

recurrence. A total of 128 patients were enrolled in this case-

control study over a period of 20 months. All patients

were CaOx stone formers with a recent stone episode

(\3 months); 31 were first-time stone formers (FS) and 33

recurrent stone formers (RS). Dimensions of chronic stress

were evaluated with self-reported validated questionnaires

measuring stressful life events, perceived stress, anxiety,

depression, burnout and satisfaction with life. An ad hoc

self-reporting questionnaire was designed to evaluate

stress-related specifically to stone episodes. Blood and

urine samples were collected to determine cortisol levels

and urinary composition. In addition, epidemiological

data, socioeconomic information, diet and incidences of

metabolic syndrome (MS) were reported. Overall, no sig-

nificant differences were observed in the scores of cases and

controls on any of the questionnaires dealing with stress.

The number (p \ 0.001) and the intensity (p \ 0.001) of

perceived stressful life events were higher in RS than in

FS, but there were no differences between the two groups

in other dimensions of stress. RS had higher glucose

(p = 0.08), uric acid (p = 0.02), blood cortisol (p = 0.01),

and urine calcium levels (p = 0.01) than FS. RS also had

lower economic levels (p = 0.02) and more frequent inci-

dences of MS (p = 0.07) than FS. Although no differences

were observed in cases and controls among any dimension

of chronic stress, the number and intensity of stressful life

events were higher in RS than in FS. These differences

correlate with variations in blood and urinary levels and with

metabolic disorders, indicating an association between

chronic stress and risk of recurrent CaOx stone formation.

Keywords Stress � Stone formers � First-time stone

formers � Recurrent stone formers � Calcium oxalate

Introduction

Nephrolithiasis is a common disorder with multifactorial

causes and a high risk of recurrence; approximately 50 %

of patients will have a second episode in the 5 years fol-

lowing their first episode, although with proper prevention

the recurrence rate can be reduced by 50 % [1]. Calcium

oxalate (CaOx), the most common type of stone, has been

associated with several risk factors, including psychologi-

cal stress [2–6]. Stress activates the pituitary-adrenocortical

axis and sympathetic-adrenal axis, inducing major variations

in blood levels of cortisol, aldosterone and catecholamines

[6]. Cortisol can increase urinary excretion of calcium either
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by competing with aldosterone at the renal intracellular level

or by reducing intestinal calcium absorption that affects

bone metabolism [7, 8]. Moreover, animals subjected to

continuous stress present metabolic alterations that promote

CaOx stone formation [2].

Chronic stress is a condition caused by the interaction of

several factors in addition to the stressful event itself; the

individual’s perception of the event and the secondary

emotional impact and physiological responses are also

crucial [9–11]. In fact, specific stressful conditions and the

specific way an organism appraises these conditions can

elicit distinct emotional and physiological responses [10].

Chronic stress can cause high blood pressure, accumulation

of visceral fat secondary to chronic hypercortisolism and

insulin hypersecretion, obesity, dyslipidemia and increased

frequency of metabolic syndrome (MS), all of which are in

turn related to CaOx stone formation [8].

Although several studies have linked stressful life events

to stone disease in general [2–6], in the present study, in

addition to stressful life events, we have studied other

factors involved in chronic stress. Moreover, to the best of

our knowledge, no study has examined the role of chronic

stress as a risk factor for recurrence of CaOx stones. In

light of the dearth of studies in this area, we have evaluated

the influence of chronic stress on CaOx stone incidence and

recurrence.

Materials and methods

Participants

From May 2008 to February 2010, 64 documented CaOx

stone formers and 64 controls, matched for age and gender,

were consecutively enrolled in this case-control study. All

CaOx stone formers were out-patients in the Urology

Department at Hospital Germans Trias i Pujol, Badalona,

Spain who had had a stone episode less than 3 months

before inclusion in the study. Thirty-one patients were first-

time stone formers (FS), and 33 were recurrent stone

formers (RS) (Fig. 1). Controls were persons with no his-

tory of stones who accompanied patients to visits in the

Urology Department for causes not related to stone disease

to avoid that they were case relatives.

Stone composition, CaOx, was confirmed by visual

inspection, optic crystallography and infrared spectrogra-

phy (Spectrum Bx, Perkin Elmer, Waltham, MA, USA).

The absence of stone in controls was confirmed by clinical

history and by ultrasound examination of the kidneys

(Abdominal transducer CH4-1, 2 MHz, Siemens Sonolines

Antares, Erlangen, Germany). Data on medical history,

family history, demographic characteristics and socioeco-

nomic status were collected for all subjects.

Exclusion criteria for both cases and controls included

age\18 years, pregnancy, history of serious illness, history

of duodenal ulcer, osteoporosis or its treatment, morbid

obesity [body mass index (BMI) [40], bariatric surgery,

previous urinary pathology, history of psychiatric disorders,

and treatment with drugs having a lithogenic potential.

All individuals provided their signed informed consent,

and the study was approved by the Ethics Committee of

Hospital Germans Trias i Pujol, Badalona, Spain.

Evaluation of chronic stress

Given the need to assess chronic stress from a multidi-

mensional perspective, we used five validated self-report-

ing questionnaires selected by the Research Group on

Stress and Health from the School of Psychology at the

Autonomous University of Barcelona and one question-

naire created specifically for this study (Table 1). The

questionnaires were completed by subjects and controls

during their first visit to the Urology Department.

The Escala General de Apreciación del Estrés (EAE-G;

general scale of stress perception) [12] was used to eval-

uate the number and the perceived intensity of stressful life

Total Cases 
(n=128)

Stone formers
(n=64)

Matched controls
(n=64)

Recurrent stone 
formers
(n=33)

First-time stone 
formers
(n=31)

Matched controls 
(recurrent stone 

formers)
(n=33)

Matched controls
(first-time stone 

formers)
(n=31)

Fig. 1 Summary of patients

and controls included in the

study
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events. Perceived stress was evaluated using the short

Spanish version of the perceived stress scale (PSS)

[13, 14]. Anxiety and depression were measured with the

Spanish version of the hospital anxiety and depression

scale (HADS) [15, 16], a screening tool of affective dis-

orders in a hospital environment. Burnout was measured

with the Spanish adaptation of Burnout measure (BM)

[17, 18]. Overall satisfaction with life was measured with

the Spanish adaptation of satisfaction with life scales

(SWLS) [19, 20]. The questionnaire created specifically for

this study measured stress related to a stone episode; par-

ticipants were asked to evaluate the perceived threat of the

episode and the resources available to them for dealing

with the threat (Supplement 1).

In addition, the participants also completed a ques-

tionnaire on physical exercise (Supplement 2) and one on

food frequency created and validated by Willet et al. [21]

that recorded the diet for each subject over a period of

1 month.

Biochemical and clinical analyses

Blood and eight urine samples were collected once at the

start of the study to determine cortisol levels and urinary

composition. Fasting blood samples were collected in the

morning.

Nocturnal urine, as it is easy to collect and represents the

period of greater lithogen risk during 24 h, was collected

by the patients the night before the blood extraction and

handed in at the time of blood extraction.

Serum chemistry studies (glucose, protein, creatine,

sodium, potassium, chloride, uric acid, calcium, magne-

sium, phosphorous, cortisol, parathormone, total choles-

terol, HDL cholesterol, LDL cholesterol and triglycerides)

were performed using an automated multichannel analyzer.

Urine pH was measured with a digital pH meter. Urinary

oxalate was determined with ion chromatography. An

autoanalyzer was used to determine the concentration of

calcium, magnesium, creatinine, phosphate, uric acid, and

citrate. All concentrations were adjusted for the nocturnal

creatinine ratio.

Metabolic syndrome was defined according to the cri-

teria of the American Heart Association and the National

Heart, Lung and Blood Institute [22].

Statistical analysis

Proportions were used for categorical variables and median

and range for quantitative variables.

Differences between cases and control subjects on the

continuous variables were examined with the Wilcoxon

signed rank test and the paired sample t test, as appropriate

univariate generalized mixed model with random intercepts

for each matched set used to identify the variables associ-

ated with case/control status [24]. The dependent variable

was defined as the status of the participant (case vs. control),

and the independent variable was the level of stress. Odds

ratios (OR) with their 95 % confidence intervals (CIs) were

estimated for each variable potentially related to disease,

using the corresponding mixed model. Multivariate lineal

Table 1 Questionnaires used to measure chronic stress in 64 stone formers and 64 matched controls

Dimension

measured

Questionnaire Reliability

A
No.

of

items

Scale Range of

final

score

Created by Adapted for a

Spanish

population by

Stress

Number of stressful

life events

Escala general de apreciación del

estrés (EAE-G)

0.74 54 0–3 0–54 Fernández-Seara

et al. [12]

Fernández-Seara

et al. [12]

Intensity of stressful

life events

0–162

Perceived stress Perceived stress scale (PSS) 0.81 14 0–4 0–56 Cohen et al. [13] Remor et al. [14]

Stress related to stone

episodea
Stress related to stone episode – 5 1–4 5–20 – –

Emotional status

Anxiety Hospital anxiety and depression

scale (HADS)

0.86 14 0–3 0–21 Zigmond and

Snaith [15]

Tejero et al. [16]

Depression 0–21

Burnout Burnout measure (BM) 0.8 21 1–7 21–147 Pines and

Aronson [17]

Fernández Castro

et al. [18]

Satisfaction with life

Satisfaction with life Satisfaction with life scales

(SWLS)

0.84 5 1–7 5–35 Diener et al. [19] Atienza et al. [20]

a Designed specifically for the present study (see Supplement)
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mixed models were used to estimate the association

between stress and lithiasis after adjustment for the multiple

confounding variables [25]. Effect modification was

assessed by including an interaction term between the stress

variable and the covariate of interest in the model.

The different subgroups of cases (FS and RS) were

compared with the v2 test or Fisher’s exact test. Medians

were compared with the non-parametric Wilcoxon or

Kruskal–Wallis test. OR with their 95 % CIs were esti-

mated using the corresponding mixed model. All p-values

were two-sided. Statistical significance was set at p B 0.05

All analyses were performed using the SAS statistical

package version 9.2 (SAS Institute Inc, Cary, NC, USA).

Results

Table 2 shows the clinical and demographic characteristics

for all subjects. Of the 128 subjects, 88 (68.7 %) were

males. The median age was 44.5 years (range, 19–74).

Cases had more family history of lithiasis, but no other

differences between cases and controls were observed.

There were no differences in gender, age, family history of

stones, history of metabolic disease, physical exercise or

BMI between FS and RS. However, RS had a lower age at

onset of urolithiasis (p = 0.02), more history of hyper-

cholesterolemia (p = 0.03), lower economic levels (p =

0.02), and a higher incidence of MS (p = 0.07). No dif-

ferences were seen in food or beverage intake between RS

and FS (Table 3).

Overall, no significant differences were observed in the

scores of cases and controls on any of the questionnaires

dealing with stress (Table 4). However, a higher number of

stressful life events (p \ 0.001) and a greater perceived

intensity of these events (p \ 0.001) were reported by RS

than by FS. No other differences were observed between

RS and FS, including stress related to a stone episode

(Table 4).

Higher levels of glucose (p = 0.08), uric acid (p =

0.02), blood cortisol (p = 0.01), and urine calcium (p =

0.01) were observed in RS than in FS (Table 5).

Discussion

We have used six different psychological instruments to

measure chronic stress in controls and stone formers and

found that RS had a higher number and greater intensity of

stressful life events than FS, while overall there was no

difference between patients and controls.

Although there is no complete consensus on how to

measure chronic stress, the existence of stressful life events

is generally regarded as an objective measure. However,

stress depends not only on the number of stressful life

events but also on the degree to which these situations are

appraised as stressful [23]. In the present study, in addition

to stressful life events, we have studied other factors

involved in chronic stress, such as the intensity of these

events, the emotional state of the individual, perceived

stress and life satisfaction.

To evaluate the influence of stressful life events on

CaOx stone recurrence, we used the EAE-G, which mea-

sures both the number (objective measure) and the per-

ceived intensity (subjective measure) of these events.

While other studies have measured the number of stressful

life events and found that stone formers have a higher

number than controls [4, 5], the present study is the only

work to date that has considered both the number and the

intensity of these events in relation to CaOx stones. Unlike

previous studies [4, 5], we found no differences between

controls and stone formers. This disparity may be attributed

to the inclusion of the variable of intensity of stressful

events or to patient selection, type of questionnaire or the

population studied. For example, our study included only

patients with confirmed CaOx stones, whereas the previous

studies included patients with any previous stone episode

and thus may have included patients with uric acid or

struvite stones, which may have skewed the results.

Although stressful life events, as measured by the social

readjustment rating scale, have been associated with

recurrent renal colic [24], to the best of our knowledge, no

previous study has investigated chronic stress specifically

as a risk factor for CaOx stone recurrence. We have found

that RS had more stressful life events with greater intensity

than FS. Moreover, the range of scores reported by FS was

much wider than those reported by RS, leading us to

speculate that FS reporting the higher scores may well be

likely to have recurrent stone episodes in the near future.

These findings could lead us to conclude that chronic

stress causes nephrolithiasis, but the reverse could also be

true, that patients with recurrent stones experience higher

levels of chronic stress, especially within 3 months of their

treatment. However, there was no difference between RS

and FS in reported stress related to a stone episode, leading

us to rule out this second possibility.

Numerous studies have shown that the cumulative per-

ception of stress can predict chronic health problems [25].

However, only two previous studies have examined the

relationship between perceived stress and urolithiasis. The

first assessed the relationship between anxiety and per-

ceived stress secondary to an acute stress situation, but

found no correlation between perceived stress and the

formation of kidney stones [6]. The second measured

perceived stress over a 3-month period using the trier

inventory for the assessment of chronic stress (TICS) in

recurrent CaOx stone formers, controls and patients with

122 Urolithiasis (2013) 41:119–127
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Table 2 Clinical and demographic characteristics of 128 subjects included in the study

Variable Cases versus controls FS versus RS

Cases

N = 64

N (%)

Controls

N = 64

N (%)

p FS

N = 31

N (%)

RS

N = 33

N (%)

Odds ratio

(95 % CI)

p

Sex

Male 44 (68.7) 44 (68.7) 1 19 (61.3) 25 (75.8) 1.9 (0.7–5.8) 0.28

Female 20 (31.3) 20 (31.3) 12 (38.7) 8 (24.2)

Family history of urolithiasis

Yes 31 (48.4) 18 (28.1) 0.02 14 (45.2) 17 (51.7) 0.77 (0.3–2.1) 0.62

No 33 (51.6) 46 (71.9) 17 (54.8) 16 (48.5)

Hypertension

Yes 11 (17.2) 12 (18.3) 1 4 (12.9) 7 (21.2) 0.55 (0.1–2.1) 0.38

No 53 (82.8) 52 (81.2) 27 (87.1) 26 (78.8)

Hypercholesterolemia

Yes 11 (17.2) 11 (17.2) 1 2 (6.5) 9 (27.3) 0.19 (0.04–0.9) 0.03

No 53 (82.8) 53 (82.8) 29 (93.5) 24 (72.7)

Hyperuricemia

Yes 2 (3.1) 2 (3.1) 1 0 (0) 2 (6.1) 0.17

No 62 (96.9) 62 (96.9) 31 (100) 31 (93.9)

Diabetes

Yes 3 (4.7) 3 (4.7) 1 1 (3.2) 2 (6.1) 0.52 (0.04–6) 0.59

No 61 (95.3) 61 (95.3) 30 (96.8) 31 (93.9)

Coronary disease

Yes 3 (4.7) 4 (6.2) 1 1 (3.2) 2 (6.1) 0.5 (0.04–5.8) 0.57

No 61 (95.3) 60 (93.8) 30 (96.8) 31 (93.9)

Metabolic syndrome

Yes 4 (6.2) 4 (6.2) 0.47 0 (0) 4 (12.1) 0.28 (0.07–1) 0.07

No 60 (93.8) 60 (93.8) 31 (100) 29 (87.9)

Marital status

Single 12 (18.8) 12 (18.8) 0.48 8 (25.8) 4 (12.1) 0.54 (0.2–1.4) 0.3

Married 48 (75) 45 (70.3) 22 (70.9) 26 (78.8)

Divorced 2 (3.1) 6 (9.4) 0 (0) 2 (6.1)

Widowed 2 (3.1) 1 (1.6) 1 (3.3) 1 (3)

Highest level of education completed

Illiterate – – 0.28 – – 1 (0.7–1.4) 0.95

Literate but no formal education 7 (10.9) 4 (6.3) 3 (9.7) 4 (12.1)

Primary school 20 (31.3) 30 (46.9) 9 (29) 11 (33.3)

Technical school 16 (25) 13 (20.3) 9 (29) 7 (21.3)

High school graduate 6 (9.4) 10 (15.6) 3 (9.7) 3 (9.1)

University degree 8 (12.5) 4 (6.3) 4 (12.9) 4 (12.1)

Post-graduate studies 6 (9.4) 2 (3.1) 3 (9.7) 3 (9.1)

Others 1 (15.6) 1 (2) 0 (0) 1 (3,100)

Employment status

Employed 47 (53.6) 41 (46.4) 0.59 23 (74.2) 23 (69.7) 0.92 (0.7–1.3) 0.68

Unemployed 12 (44.4) 15(55.6) 7 (22.6) 7 (21.2)

Others 5 (0) 8 (100) 1 (3.2) 3 (9.1)
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inflammatory bowel disease. No differences were observed

between RS and controls, but a significantly higher per-

ceived stress was reported in patients with inflammatory

bowel disease compared to RS [26]. In the present study,

there were no differences in perceived stress between FS

and RS or between stone formers and controls. Evidence to

date thus indicates that despite the association between

perceived stress and other chronic diseases [25], such a

relation does not exist in recurrent CaOx stone formation.

Although anxiety and depression, burnout and dissatis-

faction with life are common factors in many diseases

[15–20], in the present study, we found no correlation

between these factors and the formation of CaOx stones.

Continuous stress causes tension, and if this tension is

maintained, it may lead to burnout [24], or long-term

exhaustion and diminished interest. In contrast to a previ-

ous study, which found differences in burnout between

stone formers and controls [25], we observed no differ-

ences in the present study either between RS and FS or

between stone formers and controls.

Low socioeconomic status may be a very important

stressor and could be associated with chronic activation of

the stress response. Despite this, an increased incidence of

urinary calculi, with a higher prevalence of CaOx stones,

has been reported in individuals with a higher socioeco-

nomic level, including surgeons, pilots and company

executives [23, 27]. Moreover, in animal societies where

the pattern of dominance undergoes continuous change,

higher cortisol levels are found in animals at the apex and

at the base of the pyramid [23]. In the present study, the

monthly incomes—understood as a surrogate of economic

level—of RS were located at the lowest and highest

extremes, while those of FS showed less variation and were

located near the median, indicating that having either a

very low or a very high income may be a risk factor for

CaOx recurrence.

Previous studies of stress in stone formers did not cor-

relate stress with metabolic or biochemical parameters

[4, 5]. Interestingly, however, we have observed higher

blood cortisol and urinary calcium levels in RS than in FS,

as well as a greater number and intensity of stressful life

events. The higher cortisol and calcium levels in RS may

well constitute a potential biological response to these

events although they may not be linked to stress alone.

Chronic stress stimulates glucocorticoids and neuropeptide

Y, leading to obesity and metabolic syndrome. Some mood

diseases, including anxiety and depression, also lead to less

exercise and metabolic syndrome [28, 29]. In order to

control for these factors, we have evaluated them with

questionnaires on food frequency and physical exercise;

however, we found no differences between RS and FS.

RS also had a higher incidence of hypercholesterolemia

and higher levels of uric acid, cholesterol and triglycerides

than FS, despite the fact that no differences in diet between

the groups were observed. These biochemical alterations

have been associated with MS, which has in turn been

Table 2 continued

Variable Cases versus controls FS versus RS

Cases

N = 64

N (%)

Controls

N = 64

N (%)

p FS

N = 31

N (%)

RS

N = 33

N (%)

Odds ratio

(95 % CI)

p

Type of employment contract

Employed 63 (98.4) 62 (96.9) 0.26 30 (96.8) 33 (100) 1.08 (0.6–1.9) 0.12

Unemployed 0 (0) 2 (3.1) – 0 (0)

Others 1 (1.6) 0 (0) 1 (3.2) –

Monthly income (€)

\1,000 12 (18.8) 5 (7.8) 0.02 2 (6.5) 10 (30.3) 0.84 (0.5–0.9) 0.02

1,000–2,500 32 (50) 49 (76.6) 21 (67.7) 11 (33.3)

\2,500 20 (31.2) 10 (15.6) 8 (25.8) 12 (36.4)

Age

Median (range) 42.5 (19–71) 46.5 (20–74) 0.88 46 (20–74) 47 (26–70) 0.54 (0.2–1.4) 0.33

Age at onset of urolithiasis

Median (range) 36 (6–74) – – 46 (20–74) 32 (6–69) 1 (0.8–1) 0.02

Exercise

Yes 41 (64.1) 39 (60.9) 1.74 20 (64.5) 21 (63.6) 0.96 (0.35–2.67) 0.94

No 23 (35.9) 25 (39.1) 11 (35.5) 12 (36.4)

BMI (kg/m2)

Median (range) 26.1 (17.9–38.3) 26.7 (19.3–36.6) 0.77 25.7 (17.9–36.3) 27.5 (18.6–38.3) 0.93 (0.8–1.04) 0.15
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Table 4 Scores of controls and stone formers and of FS and RS on questionnaires measuring chronic stress

Questionnaire Dimension
measured

Cases vs controls FS vs RS

Cases
N = 64
median (range)

Controls
N = 64
median (range)

Odds ratio
(95 % CI)

p FS
N = 31
median (range)

RS
N = 33
median (range)

Odds ratio
(95 % CI)

p

Stress

EAE-G [12] Number of
stressful
life events

18.5 (2–40) 20 (2–45) 0.9 (0.94–1.01) 0.21 13 (2–40) 21 (10–40) 0.89 (0.8–0.9) \0.001

Intensity of
stressful
life events

27 (2–73) 29.5 (3–107) 0.9 (0.96–1) 0.29 23 (2–64) 35 (13–73) 0.95 (0.92–0.98) \0.001

PSS [13, 14] Perceived
stress

23 (6–37) 21 (4–49) 1 (0.97–1.06) 0.33 23 (2–64) 24 (11–35) 0.95 (0.88–1.03) 0.19

Stress related
to stone
episode

Stress
related to
stone
episode

11 (6–16) – – – 11 (7–15) 11 (6–16) 0.9 (0.62–1.74) 0.5

Emotional status

HADS [15, 16] Anxiety 7.5 (0–17) 7 (1–21) 1 (0.95–1.12) 0.38 8 (2–17) 7 (0–17) 0.05 (0.12–0.73) 0.73

Depression 3 (0–13) 3 (0–14) 0.9 (0.88–1.11) 0.97 4 (0–13) 3 (0–12) 0.95 (0.81–1.12) 0.67

BM [17, 18] Burnout 52.5 (21–123) 48 (21–119) 0.9 (0.98–1.02) 0.66 53 (23–123) 52.5 (21–89) 1 (0.97–1.03) 0.93

Satisfaction with life

SWLS
[19, 20]

Satisfaction
with life

20.5 (6–25) 20 (10–25) 1 (0.94–1.12) 0.27 20 (9–25) 20 (6–25) 0.95 (0.85–1.07) 0.39

Table 5 Blood and urinary biochemical parameters of FS vs RS

Parameter Cases vs controls FS vs RS

Cases
N = 64
median (range)

Controls
N = 64
median (range)

p FS
N = 31
median (range)

RS
N = 33
median (range)

Odds ratio
(95 % CI)

p

Glucose (mg/dl) 94 (65–213) 92 (70–150) 0.05 94 (65–213) 96 (83–153) 0.98 (0.96–1.01) 0.08

Creatinine (mg/dl) 0.9 (0.6–1.3) 0.9 (0.6–1.8) 0.52 0.93 (0.6–1.3) 0.89 (0.6–1.1) 3.2 (0.17–58.3) 0.6

Urate (mg/dl) 5.4 (2.7–7.6) 5.1 (0.7–9.4) 0.78 4.8 (2.7–7.2) 5.75 (2.9–7.6) 0.61 (0.4–0.9) 0.02

Calcium (mg/dl) 9.5 (8.3–10.8) 9.4 (8.8–10.1) 0.83 9.4 (8.3–10) 9.5 (8.6–10.8) 0.35 (0.1–1.2) 0.16

Cholesterol (mg/dl) 194(128–283) 190 (116–290) 0.95 194 (128–236) 197.5 (135–283) 0.99 (0.97–1.01) 0.65

HDL cholesterol (mg/dl) 48.95 (29–79.3) 52.3 (25.2–144.7) 0.25 52.8 (35.6–62.7) 48.3 (29–79.3) 1.02 (0.98–1.1) 0.3

LDL cholesterol (mg/dl) 110.5 (64.6–189) 111.3 (34.8–200.2) 0.98 110.5 (66.2–145.7) 109 (64.6–189) 0.99 (0.97–1.01) 0.72

Triglycerides (mg/dl) 114 (45–965) 96 (36–483) 0.37 108.5 (45–965) 127 (52–562) 1 (0.99–1) 0.46

Cortisol (lg/dl) 15.8 (5–37.4) 17.1 (7.6–40.1) 0.36 12.5 (5–37.4) 17.45 (7.2–30.8) 0.92 (0.85–1) 0.01

Parathormone (pg/ml) 40.1 (5.3–137.5) 35.8 (12.3–89.8) 0.13 39.6 (14.1–70.5) 41.3 (5.3–137.5) 0.98 (0.95–1.01) 0.49

Nocturnal urine volume (ml) 450 (50–1,700) 450 (93–1,900) 0.88 450 (50–1,250) 475 (85–1,700) 1 (0.99–1) 0.76

Nocturnal urinary
creatinine (g/L)

1.15 (0.24–3.99) 1.16 (0.26–2.85) 0.95 1.26 (0.24–3.22) 1.08 (0.3–3.99) 1.28 (0.65–2.52) 0.47

Calcium/creatinine ratio
(mg/mg cre)

0.16 (0.03–0.68) 0.12 (0.03–0.48) 0.005 0.12 (0.03–0.42) 0.19 (0.06–0.68) 0.002 (0.001–0.5) 0.01

Phosphate/creatinine ratio
(mg/mg cre)

0.7 (0.28–2.7) 0.7 (0.21–1.35) 0.14 0.69 (0.28–2.7) 0.78 (0.43–2.51) 1 (0.95–1.1) 0.3

Magnesium/creatinine ratio
(mg/mg cre)

67.2 (27.6–187.9) 70 (30.8–166.1) 0.83 66.6 (27.6–179.1) 67.69 (31.4–187.9) 0.99 (0.97–1) 0.17

Urate/creatinine ratio
(mg/mg cre)

0.34 (0–0.7) 0.34 (0.17–1.6) 0.8 0.33 (0–0.63) 0.36 (0.24–0.7) 0.07 (0.001–4.7) 0.36

pH (mg/mg cre) 6 (5–7) 6 (5–7.5) 0.48 6 (5–7) 6 (5–7.5) 0.57 (0.22–1.5) 0.29

Citrate/creatinine ratio
(mg/mg cre)

0.31 (0.03–0.94) 0.29 (0.05–1.04) 0.34 0.24 (0.03–0.55) 0.34 (0.06–0.94) 0.14 (0.006–2.9) 0.37

Oxalate/creatinine ratio
(mg/mg cre)

0.016 (0.0004–0.05) 0.17 (0.003–0.2) 0.72 0.016 (0.0004–0.05) 0.018 (0.002–0.036) 0.12 (0.10–1) 0.27
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linked to kidney stones [30, 31]. MS has also been directly

linked to stress, since stress stimulates glucocorticoids,

which leads to obesity and other symptoms of MS [28].

Along these lines, we have observed a trend towards a

higher frequency of MS among the RS patients in the

present study.

Conclusions

Although we did not find differences in any of chronic

stress dimensions evaluated among cases and controls, an

increased number and perceived intensity of stressful life

events were observed in RS in comparison to FS. These

differences were associated with an increased biological

response to stress as evidenced by higher blood cortisol and

urinary calcium levels, by a greater number of metabolic

abnormalities and by a higher frequency of MS. Taken

together, our findings suggest that there is a link between

CaOx recurrence, chronic stress and MS. Future prospec-

tive studies are warranted to compare FS patients who

recur with those who do not to further refine the impact of

chronic stress as a risk factor for CaOx recurrence.
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6. Grases G, Pérez-Castelló JA, Sanchis P et al (2006) Anxiety and

stress among science students. Study of calcium and magnesium

alterations. Magnes Res 19:102–106

7. Ferrari P, Bianchetti MG, Sansonnens A et al (2002) Modulation

of renal calcium handling by 11 beta-hydroxysteroid dehydro-

genase type 2. J Am Soc Nephrol 13:2540–2546

8. Chrousos GP (2009) Stress and disorders of stress system. Nat

Rev Endocrinol 5:374–381

9. Kasl SV (1996) Theory of stress and health. In: Cooper CL (ed)

Handbook of stress, medicine and health. CRC Press, USA,

pp 13–27

10. Kemeny ME (2003) The psychobiology of stress. Curr Dir Psy-

chol Sci 12:124–129

11. Gaab J, Rohleder N, Nater UM et al (2005) Psychological deter-

minants of the cortisol stress response: the role of anticipatory

cognitive appraisal. Psychoneuroendocrinology 30:599–610

12. Fernández-Seara JL, Mielgo-Robles N (1992) EAE: escalas de

apreciación del estrés (EAE: scale of stress appraisal). TEA,

Madrid

13. Cohen S, Kamarck T, Mermelstein R (1983) A global measure of

perceived stress. J Health Soc Behav 24:385–396

14. Remor E (2006) Psychometric properties of a European Spanish

version of the perceived stress scale (PSS). Span J Psychol

9:86–93

15. Zigmond AS, Snaith RP (1983) The hospital anxiety and

depression scale. Acta Psychiatr Scand 67:361–370

16. Tejero A, Guimera E, Farre JM et al (1986) Uso clı́nico del HAD

(hospital anxiety and depression scale) en población psiquiátrica:

un estudio de sensibilidad, fiabilidad y validez [Clinical use of

HAD (hospital anxiety and depresión scale) in psychiatric pop-

ulation: a study of sensitivity, reliability and validity]. Rev Dep

Psiquiatr Fac Med Barc 13:233–238

17. Pines A, Aronson E (1998) Career Burnout: causes and cure. The

Free Press, New York

18. Fernández Castro J, Doval E, Edo S (1994) Efectos del estrés
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