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Abstract: Background: Patients with kidney stones (KSFs) are known to have a heightened risk
of coronary heart disease (CHD) or stroke. The objective of the present study was to describe the
natural history of these complications through the longitudinal analysis of the hospitalizations due
to kidney stones in Spain from 1997 to 2021. Methods: A retrospective longitudinal observational
study was developed based on nationwide hospitalization data (minimum basic data base). Three
different analyses were carried out. In the first step, the prevalence of coronary or cerebrovascular
events in kidney stone hospitalizations was compared with the hospitalization burden of CHD
or strokes related to the general population. In the second step, a survival analysis of the kidney
stones–hospitalized patients using the Kaplan–Meier method was conducted. In the third step, a
Cox regression was used to assess the influence of the classical comorbidities in the development of
the lithiasic patients–cardiovascular disease. Results: Kidney stone-hospitalized patients exhibit a
significantly higher risk of CHD (OR = 14.8 CI95%: 14.7–14.9) and stroke (OR = 6.7 CI95%: 6.6–6.8)
compared to the general population across in all age groups, although they had less cardiovascular
risk factors. A total of 9352 KSFs (1.5%) developed a coronary event within an average time of
78.8 months. A total of 2120 KSFs (0.33%) suffered a stroke in an average time of 71.1 months. Diabetes,
hypertension, hyperlipidemia, and being overweight were identified as risk factors for developing
CHD and stroke using a univariate and multivariate analysis. Conclusions: Our study confirms
previous studies in which kidney stones must be considered as a risk factor for developing CHD or
cerebrovascular disease. Preventive strategies should target patients with kidney stones and classical
risk cardiovascular factors to mitigate modifiable conditions associated with cardiovascular diseases.

Keywords: urolithiasis; coronary heart disease; cerebrovascular disease; endothelial dysfunction;
epidemiology

1. Introduction

An increased risk of cardiovascular disease (CVD), myocardial infarction, and stroke
in patients with kidney stones has been widely reported. To date, four metanalyses
have examined the association between kidney stones cardiovascular and cerebrovascular
disease. Coronary heart disease (CHD) relative risk specifically associated with kidney
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stones has been established to be between 1.20 and 1.25. Similarity, stroke has also been
correlated with urolithiasis, presenting relative risks ranging from 1.17 to 1.40 [1–4].

The studies included in the metanalyses previously mentioned assessed CHD in
patients with kidney stones, with the most common outcome in this category being acute
myocardial infarction (MI). Some of them were longitudinal cohort studies in which patients
with urinary calculi were compared with a control group, including large samples and
collected data from national health insurance databases. Ferraro et al. [5] extracted data
from three health professional follow-up studies in which self-reported patients with a
history of kidney stones were compared with patients without a history of urolithiasis.
Studies concerning cerebrovascular disease assessed strokes/transient ischemic attacks
(TIA), revealing a statistically significantly higher risk of stroke in kidney stone formers
(KSFs). No survival analysis has been found in any of them, and no data of incidence has
been reported up to date.

Several links have been pointed out as responsible for the relationship between urolithi-
asis and CVD. The impact of kidney stones on renal function and the associated deteriora-
tion is a cause of increased CVD, with a possible common link [2]. Oxidative stress has also
been reported as a common underlying mechanism between low-chronic-inflammation
diseases such as diabetes, obesity, or kidney stones and CVD [6–8]. Endothelial dysfunction
(ED), characterized by impaired vasodilator response, altered angiogenesis, and barrier
function, along with overexpression of pro-inflammatory and pro-thrombotic factors, is
considered to be the initial stage of atherosclerosis vascular disorders [9,10]. Oxidative
stress (OS) has been recognized as a key factor for ED development. Studies conducted by
our group have shown, in an animal model of hyperoxaluria, how hyperoxaluria is asso-
ciated with altered endothelium-dependent relaxing responses in kidney preglomerular
arteries mediated by reactive oxygen species (ROS) [11].

No large analysis describing the relationship between urolithiasis and CVD based on
a survival analysis has been reported. Consequently, the incidence of CHD and stroke in
patients with kidney stones and whether kidney stones can be considered an independent
risk factor for these pathologies remain undetermined. In this study, we aimed to establish
the incidence of CHD and stroke in patients with kidney stones. For this purpose, we have
analyzed hospitality burden data from minimum basic data system (MDBS) available in
Spain from 1997 to 2021.

2. Methods
2.1. Study Design

A retrospective longitudinal observational population-based study was conducted
based on MDBS, which collects about 98% of the hospitalizations nationwide, both for pub-
lic and private hospitals. The data were collected from 1 January 1997 to 31 December 2021.

All patients were identified by a medical record number and were selected if the main
or secondary diagnosis code was the diagnosis of urolithiasis, CHD, or cerebrovascular dis-
ease. The codes collected were based on the ninth edition of the International Classification
of Diseases (ICD-9-MC) from 1997 to 2015 and the tenth edition (ICD-10-MC) from 2015 to
2021 (see Table 1). Additional variables such as age, gender, secondary diagnosis (up to
14 additional diagnosis codes), hospitalization length, cost of hospitalization, and discharge
destination were also collected. The rates of hospitalization were related to the general
population reported by the National Institute of Statistics (NIS) and were calculated per
100,000 inhabitants [12].
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Table 1. ICD 9 and 10 codes of kidney or ureteral stone, cardiovascular, and cerebrovascular events.

CIE9 MC CIE10 MC

Description 1997–2016 2016–2021

Diagnostic Codes

Ureteral stone 592.1 N20.1

Kidney stone 592.0 N20.0

Kidney and ureteral stone N20.2

Hydronephrosis with renal and ureteral stone obstruction 591 N13.2

Non specified urinary stone 592.9 N20.9

Angina pectoris 413.9 I20

Acute heart attack 410/410.9 I21

Cardiac chronic ischemic disease 414.9 I25

Cerebral stroke and cerebrovascular disease 434 I63/I67

2.2. Statistical Analysis

MDBS is an administrative database based on hospital discharge reports. It is manda-
tory for all public and private hospitals, so it covers 95–97% of hospitalizations in Spain [13].
These data, related to the general population, can be considered as the total burden hospi-
talizations per 1,000,000 inhabitants. The comparison of the cardiovascular and cerebrovas-
cular morbidity in the patients with kidney stones with the total burden hospitalization of
these two diagnoses will serve us to quantify the influence of the stone disease as a risk
factor for the development of a cardiac ischemic or cerebrovascular event. A comparison
was performed using a chi square test. Odds ratios were also calculated to determinate the
magnitude of the difference.

In a second analysis, a longitudinal follow-up and a survival analysis was devel-
oped with the patients who were hospitalized for kidney stones using the Kaplan–Meier
method in order to determine the time elapsed between the occurrence of the risk factor
(renal/ureteral stone) and the subsequent cardiovascular or cerebrovascular event. A
univariable analysis was also performed in order to calculate the hazard ratios and log-rank
test of sex and classical cardiovascular risk factors and to know if they were maintained
in patients with kidney stones. A multivariable analysis was also performed using Cox
regression to evaluate the real influence of each risk factor in the presence of the others.

Statistical differences were achieved when p < 0.05 and 95% confidence intervals were
calculated both for rates (hospitalization burden) and for odds ratios. SPSS 21.0 and Excel
2016 were used for developing statistical calculations.

3. Results
3.1. Demographic and Basal Characteristics

The total Spanish hospitalizations collected by the MDBS, coded as urolithiasis or
coronary heart or cerebrovascular diseases, since 1997 to 2021 were analyzed separately. A
total of almost 7 million hospitalizations were analyzed. CHD was the widest group, with
almost 4.5 million hospitalizations, followed by the cerebrovascular disease group with
1.3 million, and over 1 million hospitalizations of patients with kidney stones. Detailed
figures are provided in Table 2.

The CHD group had a higher proportion of male patients compared to the other
groups. These patients, along with the cerebrovascular disease patients, were also older
than the patients with kidney stones and presented a significantly higher prevalence of
cardiovascular risk factors (diabetes, hypertension, hyperlipidemia, being overweight,
and smoking).
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Table 2. Demographic factors and cardiovascular risk factors of the three selected populations
(urolithiasis, coronary heart disease, or cerebrovascular disease). Continuous variable data (age) are
given as mean and 95% CI (CI95%). Categorical variables are given as percentage of first category
and 95% CI.

Patients with Kidney Stones Coronary Heart Disease Cerebrovascular Disease p

n (Hospitalizations) 1,070,192 4,495,002 1,263,321 p < 0.0001

Gender (M/F) 55.5 (55.4–55.6) 67.8 (67.8–67.9) 51.8 (51.7–51.9) p < 0.0001

Mean Age (years) 57.9 (57.9–58) 72.2 (72.2–72.2) 74.3 (74.3–74.3) p < 0.0001

Diabetes (%) 4.9 (4.9–4.9) 16.7 (16.7–16.8) 8.4 (8.4–8.5) p < 0.0001

Hypertension (%) 21.2 (21.1–21.2) 42.0 (42.0–42.0) 43.9 (43.8–43.9) p < 0.0001

Hyperlipidemia (%) 7.1 (7.0–7.1) 16.3 (16.2–16.3) 15.6 (15.6–15.7) p < 0.0001

Overweight (%) 4.3 (4.3–4.4) 12.0 (12.0–12.0) 5.6 (5.5–5.6) p < 0.0001

Smoking (%) 2.9 (2.8–2.9) 5.3 (5.3–5.4) 2.5 (2.5–2.6) p < 0.0001

The hospitalizations of patients with kidney stones predominantly involved the
youngest patients, presenting the lowest proportion of diabetes, hypertension, hyperlipi-
demia and obesity, also a significantly lower proportion of smoking than the CHD group.

Cerebrovascular disease hospitalizations occurred in the oldest patients. This group
presented the highest proportion of hypertension and the lowest proportion of smoking
codes, in contrast with CHD patients, who presented the highest proportion of people who
smoked (5.3%). All the data are presented in Table 2.

3.2. Cardiovascular and Cerebrovascular Events in General and in Patients with Kidney Stones

As shown in Table 3, stone disease multiplies the possibilities of suffering CHD
compared to the general population by 14.8. This circumstance is more evident in youngest
population, in which urolithiasis multiplies the possibilities of suffering CHD morbidity by
26.3, in contrast with the oldest population in which the odds ratio is 3.4.

Table 3. Hospitalization rates (rate per 100,000 inhabitants) of cardiovascular and cerebrovascular di-
agnosis related to the general population and to lithiasic hospitalizations in Spain by age (1997–2021).
Data are given as rate (95% CI) per 100,000 inhabitants. All odds ratios reached statistical significance
(p < 0.0001).

Age
Cardiovascular

Morbidity in General
Population

Cardiovascular Morbidity
in Lithiasic Population

Odds Ratio
(p)

Cerebrovascular
Morbidity in General

Population

Cerebrovascular
Morbidity in Lithiasic

Population

Odds Ratio
(p)

<20 years 0.6 (0.55–0.61) 15.12 (4.9–35.3) 26.3 (10.9–63.2) 1.83 (1.77–1.83) 21.2 (8.51–43.63) 11.6 (5.5–24.3)

20–29 years 2.0 (1.9–2.0) 29.3 (15.6–50.1) 14.8 (8.6–25.6) 2.4 (2.3–2.4) 20.3 (9.3–8.5) 8.6 (4.5–16.6),
p < 0.0001

30–39 years 17.4 (17.2–17.6) 133.3 (111.7–157.8) 7.7 (6.5–9.1) 6.7 (6.6–6.8) 40.8 (29.3–55.3) 6.1 (4.5–8.2)

40–49 years 104.5 (104.1–105) 951.2 (902.3–1002) 9.2 (8.7–9.7) 22.7 (22.5–23) 119.1 (102.1–138) 5.2 (4.5–6.1)

50–59 years 331.5 (330.6–332.4) 2996.1 (2918.5–3075.3) 9.3 (9–9.5) 67 (66.6–67.4) 294 (269.7–319.9) 4.4 (4–4.8)

60–69 years 743.2 (741.6–744.7) 5989.3 (5886.3–6093.6) 8.5 (8.4–8.7) 164.2 (163.5–164.9) 594.5 (561.5–629) 3.6 (3.4–3.9)

70–79 years 1528.3 (1525.8–1530.8) 9204 (9080–9329.1) 6.5 (6.4–6.6) 417.7 (416.4–419) 1177.2 (1131.3–1224.5) 2.8 (2.7–2.9)

80–89 years 2609.5 (2604.9–2614.2) 10,929.1 (10,760.4–11,099.6) 4.6 (4.5–4.7) 901 (898.3–903.8) 1863.7 (1791–1938.5) 2.1 (2–2.2)

>89 years 3376.3 (3363.1–3389.5) 10,701.5 (10,283.2–11,130.9) 3.4 (3.3–3.6) 1366.5 (1358.1–1374.9) 2143.2 (1950.1–2349.9) 1.6 (1.5–1.7)

Total 362.9 (362.5–363.2) 5118.5 (5076.8–5160.4) 14.8 (14.7–14.9) 102 (101.8–102.2) 681.9 (666.4–697.7) 6.7 (6.6–6.8)

Cerebrovascular morbidity followed the same pattern as CHD, although the associa-
tion was slightly lower. Again, stone disease multiplied the probability of suffering a stroke
in the overall population by 6.7. In the youngest population, the odds ratio was 11.6, while
in the oldest population, it was 1.6. With increasing age, the odds ratio decreased inversely.
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The statistical significance was maintained in every group of age (p > 0.0001). Therefore,
although the patients with kidney stones presented a lower risk of suffering a stroke than
an ischemic cardiac event, in both cases it, followed the same pattern, likely because both
malignancies share ED as a previous stage risk factor.

3.3. Survival Analysis

As a second analysis, a longitudinal follow-up was developed for lithiasic hospitaliza-
tions, since a medical record number identified each patient and the hospitalizations were
collected from 1997 to 2021.

The patients’ demographic characteristics and cardiovascular risk factors, coded as
comorbidities, are shown in Table 4. Among the 1,070,192 hospitalizations, data from
642,207 patients were collected. The mean follow-up was 140.9 months (CI95%: 140.7–141.1)
months. During the 300 months of follow-up (1997–2021), 9352 KSFs (1.5% CI95% 1.5–1.5)
suffered a coronary event. The mean time to the cardiac event was 78.8 months (CI95%:
77.4–80.2), with a median time of 59 months. Concerning cerebrovascular disease, 2120 KSFs
(0.33% CI95% 0.32–0.34) suffered a stroke. The mean time to the stroke was 71.1 months
(CI95% 68–74.2), with a median time of 46 months. The Kaplan–Meier curves are detailed
in Figure 1.

Table 4. Characteristics of lithiasis patients stratified by major adverse cardiovascular events. De-
mographics, cardiovascular risk factors, and mortality. Groups present statistical differences in all
categories (p < 0.0001).

No Events n (% CI95%) Coronary Heart Disease Stroke n (% CI95%)

n (Patients) 630,735 9352 2120

Gender (M/F) (%) (CI95%) 352,147 (55.8%) (55.7–55.9) 5674 (60.7%) (59.7–61.7) 1174 (55.4%) (53.2–57.5)

Mean Age (years) (CI95%) 57.3 (57.3–57.4) 62.7 (62.3–63) 66.2 (65.5–66.9)

Diabetes n (%) (CI95%) 25,365 (4%) (4–4) 288 (3.1%) (2.7–3.5) 117 (5.5%) (4.6–6.6)

Hypertension n (%) (CI95%)) 126,538 (20.1%) (20–20.2) 2116 (22.6) (21.8–23.5) 593 (28%) (26.1–29.9)

Hyperlipidemia n (%) (CI95%) 42,184 (6.7%) (6.6–6.8) 818 (8.7%) (8.2–9.3) 180 (8.5%) (7.3–9.8)

Obesity n (%) (CI95%) 22,011 (3.5%) (3.4–3.5) 345 (3.7%) (3.3–4.1) 114(5.4%) (4.5–6.4)

Smoking n (%) (CI95%) 15,349 (2.4%) (2.4–2.5) 78 (0.8%) (0.7–1) 30 (1.4%) (1–2)

Mortality n (%) (CI95%) 28,195 (4.5%) (4.4–4.5) 1134 (12.1%) (11.5–12.8) 389 (18.3%) (16.7–20.1)

The demographic and clinical features stratified by major adverse cardiovascular
events (MACE) are shown in Table 4. The patients with kidney stones with CHD or stroke
were older and presented a significant higher mortality than the patients without events.
Mortality rates were notably elevated among patients with CHD (12.1%) and stroke (18.3%)
compared to those without MACEs (4.5%). The detailed distribution of cardiovascular risk
factors, stratified by the different groups of patients, is represented in Table 4.
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Figure 1. Kaplan–Meier curves for ischemic heart (A) and cerebrovascular disease occurrence (B) in
patients with kidney stones.

3.4. Univariate and Multivariate Cardiovascular Risk Factor Analysis

To complete the study, classical cardiovascular risk factors were tested in order to
analyze their influence for developing CHD or stroke in patients with kidney stones. A
univariable analysis showed how females presented a higher risk of CHD, in contrast
to cerebrovascular disease, in which no differences were found between either sex. The
remaining classical cardiovascular risk factors except for smoking (diabetes, hypertension,
hyperlipidemia, being overweight, and smoking) were found as risk factors for developing
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both coronary and cerebrovascular events. Diabetes showed the highest HR, multiplying
the possibility of developing a cerebrovascular event by 2.97 or a coronary event by 1.81.
Every risk factor showed a stronger influence for developing cerebrovascular events than
CHD, except for hyperlipidemia, in with both HRs were very similar. The data are shown
in Table 5.

Table 5. Association between demographical and cardiovascular comorbidities and risk of cardiovas-
cular or cerebrovascular events in patients with renal or lithiasis using a univariate analysis (hazard
ratio). Results are given with 95% confidence intervals in brackets. ns: p > 0.05.

Cardiovascular Cerebrovascular

Hazard Ratio p Hazard Ratio p

Gender (male/female) 0.81 (0.77–0.84) p < 0.0001 1 (0.92–1.09) ns

Diabetes (yes/no) 1.81 (1.61–2.03) p < 0.0001 2.97 (2.46–3.6) p < 0.0001

Hypertension (yes/no) 1.47 (1.40–1.54) p < 0.0001 1.91 (1.74–2.10) p < 0.0001

Hyperlipidemia (yes/no) 1.6 (1.49–1.72) p < 0.0001 1.52 (1.30–1.77) p < 0.0001

Overweight (yes/no) 1.45 (1.31–1.60) p < 0.0001 2.05 (1.71–2.46) p < 0.0001

Smoking (yes/no) 0.92 (0.74–1.15) ns 1.34 (0.93–1.92) ns

Every risk factor except for smoking remained significant in the presence of the others
when a multivariable analysis was performed using Cox regression. Diabetes was the most
important risk factor both for developing CHD and cerebrovascular events, and it showed
a slightly higher influence for developing cerebrovascular events than CHD. The data are
shown in Table 6.

Table 6. Multivariate analysis describing the association between demographical and cardiovascular
morbidities in the presence of all others for the risk of developing ischemic cardiac or cerebrovascular
events in patients with kidney stones. (ns) non significant.

Ischemic Heart Disease Sig. Hazard Ratio
95.0% CI for Hazard Ratio

Inferior Superior

Gender (M/F) p < 0.0001 0.79 0.76 0.83
Diabetes p < 0.0001 1.60 1.42 1.80

Hypertension p < 0.0001 1.36 1.29 1.43
Hyperlipidemia p < 0.0001 1.42 1.32 1.52

Overweight p < 0.0001 1.25 1.12 1.38
Smoking ns 0.82 0.66 1.03

Cerebrovascular Disease Sig. Hazard Ratio
95.0% CI for Hazard Ratio

Inferior Superior

Gender ns 0.98 0.90 1.06
Diabetes p < 0.0001 2.33 1.92 2.83

Hypertension p < 0.0001 1.70 1.54 1.89
Hyperlipidemia p = 0.02 1.21 1.03 1.42

Overweight p < 0.0001 1.56 1.29 1.88
Smoking ns 1.09 0.75 1.57

4. Discussion

Renal stone disease has been widely recognized as a chronic low-inflammatory disease
with systemic effects. It is frequently associated with systemic metabolic disease such as
diabetes, obesity, or metabolic syndrome [14–16]. Moreover, the increased prevalence ob-
served in recent decades has been linked to the rising rates of obesity and being overweight
that have developed in industrialized countries [17,18].
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Oxidative stress has been pointed out as a pathogenic factor involved in chronic
low-inflammatory states such as diabetes, metabolic syndrome, obesity, or stone disease.
Several approaches in vivo [6] and ex vivo [19] have investigated the impact of oxidative
stress on kidney stone formation. Additionally, kidney stones have been associated with
other metabolic injuries such as diabetes, being overweight, or metabolic syndrome [11].
Oxidative stress has been implicated in the mechanisms of stone formation in which
endothelial injury developed [20]. In addition to oxidative stress induced by tubular injury,
it has been pointed out that the action of oxidative stress occurs over the vascular bed, not
only in the kidney but also in the systemic vascular system. Endothelial dysfunction has
been recognized as an oxidative stress-induced first step for developing atherosclerosis
and therefore CVD [9,10]. Furthermore, oxidative stress contributes to renal tubular cell
apoptosis and atherosclerosis, further exacerbating endothelial dysfunction [21]. The
apoptotic process in the vascular smooth muscle cells within atherosclerosis plaques and
intimal calcification is associated with the expression of osteopontin, a mediator of kidney
stone formation [22].

Experimental and clinical approaches have also shown that endothelial dysfunction
is persistently developed in patients with kidney stones and in various experimental
models [11,21,23,24]. A slight relationship between the stone disease and the development
of CVD and cerebrovascular disease in which hazard ratios range between 1.1 and 1.5 has
also been widely shown using different epidemiological approaches [1–4]. However, no
earlier studies have been developed based on large national registries.

In the present study, we conducted a longitudinal approach based on the Spanish
national registry of hospitalizations from 1997 to 2021. The extensive sample size and the
25-year follow-up period have enabled us to elucidate the natural history of how stone
disease precipitates cardiovascular and/or cerebrovascular events.

As far as we know, no studies have been developed for this purpose based on this
design. In order to quantify the influence of the stone disease as a risk factor, we compared
the incidence of CHD or stroke in patients with kidney stones with that of general pop-
ulation. Hospitalization burden data related to the general population can be used as a
similar measure of prevalence, since Spanish MDBS covers almost 100% of the hospitality
discharges, and the vast majority of people with these pathologies seek treatment at hospital
emergency departments.

As shown in Table 3, the prevalence of CHD in lithiasic hospitalization discharges
was 14.8 times higher than the CHD-coded diagnosis hospitalization burden related to
the general population. This odds ratio became higher as the age became lower; therefore,
although the prevalence of CHD is significantly higher in patients with kidney stones com-
pared to the general population, this difference is much more important in young people.
Therefore, according to these data, kidney stones constitute a relevant cardiovascular risk
factor, especially for young people, in which it seems to exert a greater influence than
classical cardiovascular-related threats.

There are no data about CHD hospitalization burden prevalence related to the Spanish
general population based on MDBS. Estimating the true prevalence of CHD in the general
population is challenging due to considerable variability in the terminology, definitions,
and criteria used across studies and official statistics when assessing its impact. Most
information on coronary morbidity and mortality is drawn from data provided by national
surveys and observational cohort studies [25]. Although there are no consistent studies
about the true prevalence of CHD in Spain, a prevalence of angina in the general population
of 7.3% in men and 7.7% in women has been reported [26]. Data obtained from official
statistics of the European Union on CVD set the rate of CHD hospital discharges from
1995 to 2009 between 278 and 365 patients per 100,000 inhabitants [27]. This range aligns
closely with our study, which estimates a rate of CHD discharges of 362.9 patients per
100,000 inhabitants between 1997 and 2021.

Our data show a higher influence of the stone disease on the CHD development
compared to the data reported so far, in which the relative risk of developing CHD is
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slightly higher than the general population (RR: 1.2–1.25). Four metanalyses have been
reported so far [1–4]. The most recent one includes eight studies that report a significant
relationship between kidney stones and CHD, although substantial heterogeneity was
detected. This heterogeneity can be attributed to various factors such as sex, geographic
region, and duration of follow-up.

The disparities observed between our study and previous research can be attributed
to several factors. First, our study is based on hospitality burden data in which the CHD
prevalence of patients with kidney stones is compared with general population data. Conse-
quently, the severity of stone disease and comorbidity may be higher in our study compared
to the studies included in metanalysis in which many patients may not have experienced
complications related to kidney stones or have reported comorbidities. Additionally, those
studies were compared with a control group. In our study, the prevalence of CHD in KSFs
was compared with hospitalized patients for CHD, assuming that all patients with CHD
have been hospitalized. On the other hand, all groups of age were included, in contrast
with most of the studies included in the metanalysis where only adult patients are analyzed.
The youngest patients with kidney stones showed the highest risk of developing CHD, and
this circumstance also could magnify the differences. Moreover, our study featured a longer
follow-up compared to previous research where follow-up periods typically ranged from
10 to 13 years. For all these reasons, the design of our study could enhance the differences
described in the previous studies.

Similar results have been obtained when analyzing the incidence of stroke in patients
with kidney stones. Stone patients presented a 6.7 times greater risk of suffering a stroke
compared to stroke-hospitalized patients in the general population. Eight papers based on
the results were included in the last metanalysis regarding this issue. The pooled results
indicate that having a history of kidney stones may increase the risk of stroke, with a
relative risk of 1.17 [4]. Again, the hospitalization conditions of our patients, the design
of our study, the different groups of age included, and a longer follow-up period could
explain the higher risk found when analyzing our data.

Strikingly, in Table 2, it is shown that the CHD and cerebrovascular disease population
have significantly more cardiovascular risk factors than KSFs, thus enhancing the fact that
urolithiasis is a risk factor for developing CHD and stroke.

To our knowledge, no studies have previously described the natural history of CHD
or stroke in patients with kidney stones. In this study, 1.5% of KSFs developed CHD, and
0.33% developed a stroke. Determining the exact prevalence of CHD or stroke from the
different studies can be challenging. Xu [28] reports a CVD prevalence of 4.02% and a CHD
prevalence of 1.44%, which is very close to ours. However, a 2.7% stroke prevalence was
reported, which is significantly higher than our data. From Hsu’s study [29], it is possible
to extract a 1.8% of stroke prevalence, which is also higher than ours.

This is the first study that reports the natural history of CHD and stroke in KSFs using
the Kaplan–Meier method. A small proportion of KSFs suffer a cardiac event, taking an
average time of 78.8 months. Concerning lithiasic patients that suffer a stroke, it takes an
average time of 71.1 months. No studies have been carried out to characterize CHD or
stroke in patients with kidney stones based on the Kaplan–Meier method. Furthermore,
only a few studies [30,31] have been found to report the incidence of CHD or stroke
based on Kaplan–Meier curves, and none of them were based on large population cohorts,
using different methodological settings, making it challenging to contrast our results.
Nonetheless, when comparing our survival curves with different populations previously
reported with similar designs [30], it can be foreseen how the pattern followed by our
stone patients is comparable with those who present a moderate risk of major adverse
cardiovascular events.

Once the lithiasis condition has been established as a risk cardiovascular factor, identi-
fication and evaluation of the classical comorbidities is critical for disease prevention and to
implement treatment strategies. In fact, the influence of common risk factors such as obesity,
diabetes [15], hyperlipidemia [32], or hypertension [33] could underlie this connection.
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In this study, it has been shown how females show a higher risk of CHD. This feature
has already been described by other metanalyses in which it has been showed that the
association between urolithiasis and coronary artery disease was higher in women (pooled
HR = 1.43) compared to men (pooled HR = 1.19) [4], as well as a higher risk of suffering
MI (RR = 1.37) [2]. Conversely, the differences between sexes were not significant when
considering cerebrovascular disease, contrasting with a previous analysis that reported a
slightly higher prevalence of stroke in women (RR = 1.12) [2] (HR = 1.2) [4].

According to our data, diabetes, hypertension, hyperlipidemia, and being overweight
have been shown to be risk factors for CHD and stroke in stone patients, as demonstrated
using both univariate and multivariate analyses. It is remarkable that, concerning metabolic
diseases, although the prevalence in the different groups was higher for the CHD and
stroke groups (Table 4), these differences were enhanced when calculating hazard ratios.
As mentioned above, metabolic disorders have extensively been reported to be common
risk factors for kidney stone formation and CVD. Recent studies have demonstrated that
endothelial dysfunction is a common feature developed by these malignancies, and it has
also been pointed out also as a mechanism that causes urolithiasis [34,35]. Oxidative stress
underlies endothelial dysfunction and has been involve in both CVD [7,8] and kidney
stone formation [36,37]. Therefore, metabolic diseases might doubly contribute to the
pathogenesis of CVD in KSFs, on the one hand as a promoter of urolithiasis-induced
oxidative stress and, on the other, as a classical CVD risk factor. Thus, special attention
must be paid to patients with kidney stones and these disorders because CHD, stroke, and
mortality are clearly enhanced, and preventive strategies must be implemented in order to
revert endothelial dysfunction [37].

This study has several strengths, including the large nationwide sample size, the
longitudinal design, and the fact that MDBS collects 99% of the hospitalizations in Spain.
However, it should be noted that the present data cannot be utilized to calculate the
prevalence of kidney stones in Spain, as many cases may be asymptomatic and thus
underestimated.

On the other hand, the information collected is all validated, since it comes from the
physician’s diagnosis, unlike several studies based on self-reported interviews. However,
no relationship can be inferred with the different types of kidney stones, since that informa-
tion is not collected either by ICD-9-MC or by ICD-10-MC. In Spain, it has been reported
that the most common types are made from calcium, followed by uric acid, struvite, or
cystine [38].

Regarding CHD and stroke, in our environment, the vast majority of symptomatic
MACEs are controlled by the emergency departments and are coded and included in the
MDBS dataset. Nevertheless, this amount could be underestimated, since some of them
could be asymptomatic and not detected as a personal antecedent in the hospitalization
clinical records.

In conclusion, our study confirms previous studies in which kidney stones are consid-
ered as a risk factor for CHD and stroke. This confirmation is achieved through a novel
approach based on a longitudinal design over a large nation-wide dataset. These associa-
tions are particularly significant in younger individuals and take place within an average
timeframe of 6 to 7 years following the diagnosis of urolithiasis. Patient with lithiasis
and/or metabolic disorders must be specially considered, since they develop a greater
risk of MACEs and death. Preventive strategies should be tailored to address modifiable
conditions associated with endothelial dysfunction and kidney stones in these patients.
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