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Abstract

Although the mechanisms and timing of the association between nephrolithiasis and hypertension
are still controversial, the hypothesis that nephrolithiasis is a predictive factor for the subsequent
development of hypertension is postulated. Nephrolithiasis, as a disease with a high incidence and
recurrence rate, is always troubling people all over the world.

Epidemiological studies have provided the evidence for association between nephrolithiasis and
a number of cardiovascular diseases including hypertension, diabetes, chronic kidney disease,
metabolic syndrome. Many of the co-morbidities may not only lead to stone disease but also be
triggered by it. Nephrolithiasis is a risk factor for development of hypertension and have higher
prevalence of diabetes mellitus and some hypertensive and diabetic patients are at greater risk for
stone formation. An analysis of the association between stone disease and other simultaneously
appearing disorders, as well as factors involved in their pathogenesis, may provide an insight into
stone formation and improved therapies for stone recurrence and prevention. The association
between stone formation and development of co-morbidities is a result of certain common
pathological features. Review of the recent literature indicates that production of Reactive Oxygen
Species (ROS) and development of Oxidative Stress (OS) may be such a common pathway. OS is a
common feature of all Cardiovascular Diseases (CVD) including hypertension, diabetes mellitus,
atherosclerosis and myocardial infarct. There is increasing evidence that ROS are also produced
during idiopathic Calcium Oxalate (CaOx) nephrolithiasis. Both tissue culture and animal model
studies demonstrate that ROS are produced during interaction between CaOx/Calcium Phosphate
(CaP) crystals and renal epithelial cells. Clinical studies have also provided evidence for the
development of oxidative stress in the kidneys of stone forming patients. Renal disorders which lead
to OS appear to be a continuum. Stress produced by one disorder may trigger the other under the
right circumstances.

Keywords: Chronic Kidney Disease; Hypertension; Nephrolithiasis; Oxidative Stress; NADPH
Oxidase

Introduction

Nephrolithiasis is prevalent and burdensome worldwide, with the prevalence varying by age
and sex. The disease usually presents in men aged 60 to 69, with a prevalence rate of approximately
1.7 to 8.8% worldwide [1, 2]. In the United States, ~10.6% of men and 7.1% of women suffer deeply
from nephrolithiasis, which is comparable to diabetes (9.7%) [2-4]. The worldwide prevalence of
urolithiasis in men by age 70 varies from approximately 4% in England to 20% in Saudi Arabia
Geographically, kidney stones are more common in places with high humidity and temperatures
[5]. It has been predicted that with the expected temperature rise worldwide, there will be an
increase of 1.6-2.2 million lifetime cases of kidney stone by 2050 [6]. In addition, urolithiasis is a
chronic disease with a 60% chance of recurrence within 10 years of the first episode. Stone disease
has also been linked with a number of other chronic diseases such as Obesity (OB) [7], Diabetes
Mellitus (DM) [8], Hypertension (HTN) [7], Metabolic Syndrome (MS) [9], and Chronic Kidney
Disease (CKD) [10].

The presence of nephrolithiasis can lead to more than short-term pain and infection. Progressive
hypertension [11] chronic kidney diseases, and even end-stage kidney failure [12, 13] will be the
ultimate outcomes of nephrolithiasis without effective intervention and treatment. Unfortunately,
despite surgery or medication, recurrence rates of 50% within 5 years and up to 75% within 20 years
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leave many patients suffering [14]. Meanwhile, the medical expenses
incurred by patients due to nephrolithiasis crush their economic lives
either.

There is growing evidence supporting that nephrolithiasis largely
contributes to the occurrence of hypertension. Since the association
between arterial hypertension and nephrolithiasis was described in
1965 for the first time by Tibblin [15], much effort has been devoted to
this field. Data from several observational studies suggested a risk of
hypertension in nephrolithiasis patients of 1.24-1.96 compared to the
general population [16-22]. A previous review performed by Cupisti
et al., [23] has shown the current understanding of the potential link
between nephrolithiasis and the occurrence of hypertension, but no
meta-analysis has been used to examine the relationship.

The relation between nephrolithiasis and hypertension is rather
unclear, but from literature data, there are several potential reasons
which may explain the observed associations. First, alterations in
calcium metabolism maybe have an important role in the pathogenesis
of both nephrolithiasis and hypertension [24, 25]. Second, the traits
of metabolic syndrome are factors highly prevalent in hypertensives
as well as in kidney stone formers, so insulin resistance may be a
common pathophysiological mechanism [26, 27]. Third, Chronic
Kidney Disease (CKD) is a condition which may occur more
frequently in nephrolithiasis patients and in hypertensive patients.
Therefore, CKD may be another factor involved in the linkage
between nephrolithiasis and hypertension. Finally, inflammation
and oxidative stress have been recently hypothesized as possible
links between stone disease and hypertension [28]. Obviously, all
of these potential reasons are comorbidities in nephrolithiasis and
hypertension. However, more medical research is needed to explore
and test the relevant presumption.

The Relationship Between Hypertension
and Nephrolithiasis from the Beginnings to
the Present

One of the earliest epidemiological studies to demonstrate an
association between hypertension and nephrolithiasis was performed
in Sweden. Tibblin performed a cross-sectional retrospective
study of 850, 50-year-old males [15] living in Goteberg. Based on
radiological or historical data 6.5% of the patients were stone formers.
When stratified by blood pressure into four groups, the prevalence
of urolithiasis increased from 1.1% in the lowest blood pressure
group (<145/90 mmHg untreated) to 13.3% in the subjects with the
highest blood pressure (>175/115 mmHg or treated hypertension).
Cirillo et al. confirmed these observations through a cross-sectional
retrospective study of 3,431 European patients. There was an increased
prevalence of stones in hypertensive patients (5.22%) compared to
the normotensive ones (3.36%) [29].

To test the hypothesis that kidney stones are more common in
hypertensive men, a cross-sectional study of 688 male workers aged
21-68 years, of The Olivetti factory in Naples, Italy, was performed
[30] 118 had untreated hypertension while 61 were under treatment
for hypertension. The overall prevalence of urolithiasis was 16.3%
of which 13.4% were normotensive subjects, 24.3% were untreated
hypertensive patients and 32.8% were treated hypertensives
(p<0.001). The relative risk of hypertensive patients having a history
of urolithiasis was twice that of the normotensive subjects [Odds
Ratio (OR) of 2.11; 95% Confidence Interval (CI) 1.17-3.81]. The
age-adjusted relative risk of kidney stones in hypertensive patients

remained twice that of normotensive subjects (OR 1.79; 95% CI
1.53-2.09). It was concluded that an independent clinical association
existed between urolithiasis and hypertension. The results of a
recent South Korean study showed hypertension as an independent
predictor of stone recurrence [31].

The Olivetti Prospective Heart Study participants were then
followed up after 8 years. 503 male workers aged 21-68 years, who
previously did not report a history of urolithiasis were evaluated for
stone disease [32]. After 8 years, 10.3% of the participants reported
stone episode. The incidence of urolithiasis was higher in hypertensive
patients (16.7%) than normotensives (8.5%, p=0.011). The risk was
unaffected by treatment (relative risk 2.01; 95% CI 1.13-3.59), age (RR
1.89;95% CI 1.12-3.18), body weight (RR 1.78; CI 1.05-3.00) or height
(RR 2.00; CI 1.19-3.38). It was concluded that hypertension was
a significant predictor of kidney stone disease. In a separate study,
381 male normotensive participants of the Olivetti Study, 15.2% with
history of stone disease, were also evaluated after 8 years [33]. Patients
with history of stones were more prone to develop hypertension (age-
adjusted RR 1.96; 95% CI 1.25-3.07).

Health Professional Follow-up Study (HPFS), alongitudinal study
of cardiovascular diseases, cancer and other diseases among 51,529
male health professionals aged 40-75 years followed for 8 years [17]
indicated that nephrolithiasis can increase the risk of the development
of hypertension. At baseline, 8% reported a history of nephrolithiasis
and 22.6% reported hypertension. A positive association (age-adjusted
OR 1.31; 95% CI: 1.30-1.32) was present between nephrolithiasis
and hypertension. The OR for incident hypertension in men with a
history of nephrolithiasis was 1.29 (95% CI 1.12-1.41) compared with
those without nephrolithiasis. However, hypertensive patients did
not have higher incidence of stone formation (OR 0.99; 95% CI 0.82-
1.12) compared with the normotensive men. A similar association
between stone disease and hypertension was found in middle aged
women. A prospective study of the relationship in 89,376 women
aged 34-59 years, part of Nurses’ Health Study (NHS) over 12 years,
showed an increased risk of developing hypertension by women with
a history of nephrolithiasis [34]. The age-adjusted relative risk for
developing hypertension by women with history of nephrolithiasis
compared to those with no nephrolithiasis history was 1.36 (95% CI
1.20-1.43). Women with hypertension were not at greater risk for
stone formation compared with those without incident hypertension
(OR 1.01;95% CI 0.85-1.20).

The results of these two studies [17, 34] of large cohorts of US
men and women did not agree with the previous Olivetti Study with
respect to hypertension being a risk for incident nephrolithiasis.
However, results of another study from Parma, Italy [35], confirmed
earlier observations and showed that hypertensive males were at a
significant risk of forming kidney stones. A prospective 8-year follow-
up study of 132 hypertensive and 135 normotensive age-matched
males showed that patients with hypertension had significantly
higher stones episodes than the normotensive subjects (14.3 vs. 2.9%,
p=0.001, univariate OR 5.5; 95% CI 1.82-16.66).

Another population-based case-control study performed in US
also suggested a link between hypertension and nephrolithiasis. There
was a significantly higher prevalence of hypertension in people with
nephrolithiasis compared with the age- and sex-matched controls
(OR 1.19; 95% CI 1.04-1.35) in Olmsted County, MN [1]. Recent
histological studies of human kidneys have also provided support for
the association between hypertension and stone disease. The presence

WebLog Open Access Publications

Wjnp.2026.h2910


http://www.weblogoa.com

Marilena Stoian

WebLog Journal of Nephrology

of Randall’s plaques in cadaveric kidneys correlated only with
hypertension [36]. Animal model studies have also indicated a link
between stone formation and hypertension. Strains of spontaneously
hypertensive rats were found to be more susceptible to developing
nephrolithiasis than the normal normotensive ones [37, 38].

Results of the Portuguese National Health Survey (PNHS)
in a cross-sectional study also suggested an association between
nephrolithiasis and hypertension [39]. Responses of 23,349 subjects
to a questionnaire approved by WHO and EUROSTAT were analyzed
and showed that after adjusting for age and body mass index kidney
stone formers had a higher prevalence of hypertension (OR 1.841;
95% CI 1.651-2.053) than non-stone formers.

Hypertension was also associated with incident stone disease in
white and African-American participants of the Atherosclerosis Risk
in Communities (ARIC) study [40]. Information on incident kidney
stone diseases and co-morbidities was obtained between 1993 and
1995 from 9,541 white and 2,620 African-American middle-aged
men. Hypertension (multivariate adjusted hazard ratio 1.69; 95% CI
1.69) was significantly associated with hospitalization for incident
kidney stone.

Analysis of the data from the 3rd National Health and Nutrition
Examination Survey (NHANES) in United States also provided
support for a relationship between kidney stone disease and
hypertension. Data collected from 919 stone formers and 19,120
control subjects indicated that female stone formers had 69% increase
in the odds of developing hypertension (95% CI 1.33-2.17, p<0.001)
[19]. The difference in male stone formers was not significant.

In an Italian study of 132 patients with arterial hypertension and
135 normotensive controls, hypertensive males excreted significantly
more calcium, magnesium, uric acid and oxalate and had significantly
higher CaOx and CaP supersaturation [35]. Hypertensive females, on
the other hand, excreted significantly more calcium, phosphorus,
and oxalate and had significantly higher CaOx supersaturation. No
significant differences were found in urinary pH or excretion of
citrate. These patients and controls were followed up for an average
of 7 years. Nineteen out of 132 hypertensive patients and 4 of the 135
normotensive subjects became stone formers, 12 producing CaOx
stones and 4 UA stones. 16 out of 23 stone formers were overweight.
Urinary supersaturation with respect to CaOx and UA correlated with
the type of stone produced. Increased urinary excretion of oxalate was
seen in people with higher BMI [42], obese hypertensive patients [31]
as well people with diabetes [41]. Increased urinary oxalate, however,
did not change urinary supersaturation for CaOx [42].

The results of the Olivetti Prospective Heart Study, which showed
subjects with stone disease had significantly higher risk for developing
hypertension, also demonstrated stone formers with significantly
higher blood pressure and excretion of calcium [33]. A retrospective
study of 462 stone patients to determine the relationship between
hypertension and urinary composition found that in stone formers
hypertension was significantly associated with urinary calcium which
was 12% higher than in the normotensive stone formers [43]. There
was a significant relationship between relative risk of hypertension
with quintile of calcium excretion and not with citrate excretion.
However, an analysis of HPFS and NHS I and II database did not show
significantly increased urinary excretion of calcium by hypertensive
patients. There was, however, an inverse relationship between
hypertension and citraturia [44]. Crystallization is also dependent

upon the macromolecular modulators present in the milieu; however,
no large-scale study has been performed to determine the potential of
urine from hypertensive or diabetic patients to crystallize.

Inflamation and Oxidative Stress as
Possible Links Between Stone Disease and
Hypertension

There are two major pathways to the formation of kidney stones,
both involving inner medulla. Stone formation in the idiopathic
pathway begins with Calcium Phosphate (CaP) deposition in the
renal interstitium while in the other, it begins with crystallization
of a variety of stone salts in the collecting ducts. There are overt
signs of injury and inflammation in the second pathway where
renal epithelial cells are directly exposed to crystals indicating that
they are proinflammatory. Both in vitro cell culture experiments
as well as animal model studies indicate that exposure to crystals,
particularly Calcium Oxalate (CaOx) and Calcium Phosphate (CaP),
leads to the development of oxidative stress, upregulation of MAPK
and production of inflammatory molecules including TGF-f, NF«B,
prostaglandins, MCP-1, OPN, inter-a-inhibitor. NADPH oxidase
appears to play a central role since inhibitors of the enzyme reduce the
production of ROS as well as renal injury and crystal deposition. RAS
pathway also appears to be critical because inhibition of angiotensin
or blockage of angiotensin receptors reduced renal epithelial injury
and crystal deposition in rat models of CaOx nephrolithiasis. That
oxidative stress, renal epithelial injury and inflammation are also
engaged in idiopathic stone formation is indicated by the urinary
excretion of reactive oxygen species, products of lipid peroxidation,
enzymes indicative of renal epithelial injury as well as many markers
of chronic kidney disease. Interestingly, patients who consumed
DASH (Dietary Approaches to Stop Hypertension) diet were up to
45% less likely to develop kidney stones.

Hypertension is generally identified by the elevation in blood
pressure [45], but its association with arteriosclerosis and microscopic
renal glomerular and tubular changes has long been known [46, 47].
Recent clinical as well as animal model studies have provided more
evidence of renal involvement and participation of inflammatory
processes in the pathogenesis of hypertension with Rennin-
Angiotensin System (RAS) and Reactive Oxygen Species (ROS)
playing significant roles. It is currently hypothesized that factors such
as hyperactive Sympathetic Nervous System (SNS), nephron loss,
hyperuricemia can induce renal vasoconstriction, ischemia, oxidative
stress and injury prompting an immune response and infiltration of
inflammatory cells. A number of excellent reviews are available on
this subject [48-54].

Cross-sectional as well as prospective studies have shown that
levels of circulating C-reactive protein, the most commonly used
marker of inflammation, are increased in hypertensive patients and
can even predict the onset of hypertension [49, 55-58]. Circulating
levels of osteopontin are also increased in essential hypertension [59].
An increase in the level of monocyte chemo-attractant protein-1
MCP-1, an important modulator of inflammatory cells, has been
shown in younger patients with arterial hypertension [60].

An increase in the production of ROS/RNS (reactive nitrogen
species),and/or decreasein theextraandintra-cellularantioxidantshas
been demonstrated in both clinical and experimental hypertensions
[61] and leads to oxidative stress. It may not only initiate hypertension
but also be developed by the hypertensive state. Major cellular ROS
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include superoxide anion (O--2), nitric oxide radical (NO-), hydroxyl
radical (OH.), and hydrogen peroxide (H,0,), which are generated
by several pathways. O-—2 anions are produced by NADPH oxidases,
xanthine oxidase, lipoxygenase, cyclooxygenase, hemeoxygenase
and as a byproduct of mitochondrial respiratory chain. ROS/ RNS
play significant roles in activating pro-inflammatory transcription
factors and signaling pathways. In addition, NO and superoxide are
important modulators of pressure-natriuresis [62]. Low NO levels
are important in vasodilation while at higher levels NO interacts with
superoxide and produces peroxynitrite which leads downstream to
vasoconstriction. Hypertension is associated with reduced levels of
nitrite/nitrate (Nox), in part due to enhanced Nitric Oxide (NO)
inactivation [63]. Serum and urinary levels of Nox are significantly
higher in normotensive subjects than in patients with essential
hypertension, while, serum levels of Malondialdehyde (MDA), an
end product of lipid peroxidation, being higher in the hypertensive
subjects [64]. Administration of antioxidants, or blocking of
angiotensin receptors, results in improving or preventing the
hypertension in a number of animal models [52, 54, 65].

NADPH oxidase is a major source of ROS in the kidneys,
particularly in the presence of Angiotensin II, which stimulates
membrane-bound NAD(P)H oxidase leading to increased generation
of superoxide [66-69]. NADPH oxidases are also the major source of
ROS in the cardiovascular system [54] and animal models studies have
provided experimental evidence of NADPH oxidase involvement
in the development of hypertension. The kidneys of Spontaneously
Hypertensive Rats (SHR) showed increased production of O--2 and
upregulation of p47P*** subunit [70]. Administration of SOD mimetic
tempol produced a reduction of blood pressure and renal vascular
resistance [71]. Significantly higher p22°h* mRNA levels and NADPH
oxidase driven O--2 production was found in the aorta of SHR which
were ameliorated by treatment with irbesartan, an angiotensin II
receptor antagonist [72]. The importance of p47°h* is also shown by
moderate hypertensive response to angiotensin II in mice lacking
the p47°hx [73, 74]. Inhibition by membrane permeable gp91ds-
tat of p47°hx assembly with gp917h** in Dahl Salt sensitive (DS) rats
fed a 4% salt diet, normalized ROS production and endothelium-
dependent relaxation as well as expression of LOX-1 and MCP-1 [75].
Administration of apocynin, an antioxidant and an inhibitor of the
p47°hox assembly with gp91Phx, to DS rats on high salt diet produced
significant reductions in the mRNA expression of gp91phox, p47ehex
p22#hex and p67°hox subunits. Apocynin also reduced NADPH oxidase
activity, renal cortical O-—2, monocyte/macrophage infiltration and
glomerular and interstitial damage [76]. Direct administration of
apocynin to the renal medulla of DS rats on 4% salt diet significantly
reduced interstitial superoxide and mean arterial pressure [77, 78].
Experimental studies involving other animal models of hypertension
have similarly shown the involvement of NADPH oxidase in the
development of hypertension [52, 54, 69].

Conclusions

Patients with nephrolithiasis need to be exhaustively investigated,
not only regarding the stone disease, urinary tract complications,
and prevention of recurrences, but also regarding the systemic
conditions for which the stone patients are at risk: renal failure, bone
metabolic disease, and CV disease. This concept has been adopted
by the recent guidelines for urolithiasis of the European Association
of Urology [78]. The evaluation of cardiometabolic risk factors and
MS components (blood pressure, cholesterol, glucose, BMI, smoking)

should be routine in the assessment of renal stone formers.

Oxidative stress plays a key role in the pathogenesis of endothelial
dysfunction and endothelial dysfunction has been demonstrated
in stone formers .This may contribute to the explanation of why
idiopathic calcium stone formers have increased arterial stiffness
,a known independent predictor of CV morbidity .Interestingly,
in secondary forms of calcium nephrolithiasis, arterial stiffness
is not impaired ,suggesting that this alteration is specific to the
most common idiopathic calcium nephrolithiasis and that the
epidemiological association with CV disease might be driven by these
common features.

A definite epidemiological association exists between kidney
stone disease and arterial hypertension, but the pathophysiological
mechanisms are still not fully understood. Hypercalciuria or
inflammation and oxidative stress have been proposed as possible
links. However, there is more convincing evidence that the association
between nephrolithiasis and hypertension may be considered as
a part of the association between kidney stone disease, metabolic
syndrome and atherosclerosis. From a clinical point of view, this
association represents a crucial aspect of the clinical management of
patients affected by kidney stone disease. In order to implement early
prevention and treatment of cardiovascular and/or renal damage
physicians should be encouraged to assess individual cardiovascular
risk factors in any adult with kidney stones. Consequently, patients
with kidney stones need a comprehensive approach rather than
an intervention limited to the urinary tract and focused on stone
resolution and recurrence prevention. It is time to view kidney
stone disease as a systemic disorder, associated to or predictive
of hypertension, chronic kidney disease, bone and cardiovascular
damage.

References

1. Lieske JC, Pena de la Vega LS, Slezak JM, Bergstralh EJ, Leibson CL, Ho
KL, et al. Renal stone epidemiology in Rochester, Minnesota: an update.
Kidney Int. 2006; 69(4): 760-764.

2. Scales CD Jr, Smith AC, Hanley JM, Saigal CS, Urologic Diseases in
America Project. Prevalence of kidney stones in the United States. Eur
Urol. 2012; 62: 160-165.

3. Sorokin I, Mamoulakis C, Miyazawa K, Rodgers A, Talati J, Lotan Y.
Epidemiology of stone disease across the world. World J Urol. 2017; 35:
1301-1320.

4. Xu G, Liu B, Sun Y, Du Y, Snetselaar LG, Hu FB, et al. Prevalence of
diagnosed type 1 and type 2 diabetes among US adults in 2016 and 2017:
population-based study. BMJ. 2018; 362: k1497.

5. Soucie JM, Coates R], McClellan W, Austin H, Thun M. Relation between
geographic variability in kidney stones prevalence and risk factors for
stones. Am ] Epidemiol. 1996; 143: 487.

6. Brikowski TH, Lotan Y, Pearle MS. Climate-related increase in the
prevalence of urolithiasis in the United States. Proc Natl Acad Sci USA.
2008; 105: 9841.

7. Obligado SH, Goldfarb DS. The association of nephrolithiasis with
hypertension and obesity: a review. Am ] Hypertens. 2008; 21: 257-264.

8. LieskeJC, dela Vega LS, Gettman MT, Slezak JF, Bergstralh EJ, Melton 3rd
LJ, et al. Diabetes mellitus and the risk of urinary tract stones: a population-
based case—control study. Am J Kidney Dis. 2006; 48:897-904.

9. Jeong IG, Kang T, Bang JK, Park J, Kim W, Hwang SS, et al. Association
between metabolic syndrome and the presence of kidney stones in a
screened population. Am J Kidney Dis. 2011; 58: 383-388.

WebLog Open Access Publications

Wjnp.2026.h2910


http://www.weblogoa.com
https://pubmed.ncbi.nlm.nih.gov/16518332/
https://pubmed.ncbi.nlm.nih.gov/16518332/
https://pubmed.ncbi.nlm.nih.gov/16518332/
https://pubmed.ncbi.nlm.nih.gov/22498635/
https://pubmed.ncbi.nlm.nih.gov/22498635/
https://pubmed.ncbi.nlm.nih.gov/22498635/
https://pubmed.ncbi.nlm.nih.gov/28213860/
https://pubmed.ncbi.nlm.nih.gov/28213860/
https://pubmed.ncbi.nlm.nih.gov/28213860/
https://pubmed.ncbi.nlm.nih.gov/30181166/
https://pubmed.ncbi.nlm.nih.gov/30181166/
https://pubmed.ncbi.nlm.nih.gov/30181166/
https://academic.oup.com/aje/article-abstract/143/5/487/85732
https://academic.oup.com/aje/article-abstract/143/5/487/85732
https://academic.oup.com/aje/article-abstract/143/5/487/85732
https://pubmed.ncbi.nlm.nih.gov/18626008/
https://pubmed.ncbi.nlm.nih.gov/18626008/
https://pubmed.ncbi.nlm.nih.gov/18626008/
https://pubmed.ncbi.nlm.nih.gov/18219300/
https://pubmed.ncbi.nlm.nih.gov/18219300/
https://pubmed.ncbi.nlm.nih.gov/17162144/
https://pubmed.ncbi.nlm.nih.gov/17162144/
https://pubmed.ncbi.nlm.nih.gov/17162144/
https://pubmed.ncbi.nlm.nih.gov/21620546/
https://pubmed.ncbi.nlm.nih.gov/21620546/
https://pubmed.ncbi.nlm.nih.gov/21620546/

Marilena Stoian WebLog Journal of Nephrology

10. Saucier NA, Sinha MK, Liang KV, Krambeck AE, Weaver AL, Bergstralh
EJ, et al. Risk factors for CKD in persons with kidney stones: a case-control
study in Olmsted County, Minnesota. Am J Kidney Dis. 2009; 55: 61-68.

30. Cappuccio FP, Strazzullo P, Mancini M. Kidney stones and hypertension:
population-based study of an independent clinical association. BMJ. 1990;
300: 1234-1236.

1

—

. Strazzullo P, Barba G, Vuotto P, Farinaro E, Siani A, Nunziata V, et al. 31. Kim Y], Park MS, Kim WT, Yun §J, Kim W], Lee SC. Hypertension
Past history of nephrolithiasis and incidence of hypertension in men: a influences recurrent stone formation in nonobese stone formers. Urology.
reappraisal based on the results of the Olivetti Prospective Heart Study. 2010; 77: 1059-1063.

Nephrol Dial Transplant. 2001; 16: 2232-2235. 32. Cappuccio FP, Siani A, Barba G, Mellone MC, Russo L, Farinaro E, et al.

A prospective study of hypertension and the incidence of kidney stones in
men. ] Hypertens. 1999; 17: 1017-1022.

12. Shoag J, Halpern J, Goldfarb DS, Eisner BH. Risk of chronic and end stage
kidney disease in patients with nephrolithiasis. ] Urol 2014; 192: 1440-

1445.
> 3

w

. Strazzullo P, Barba G, Vuotto P, et al. Past history of nephrolithiasis and
incidence of hypertension in men: a reappraisal based on the results of
the Olivetti Prospective Heart Study. Nephrol Dial Transplant. 2001; 16:
2232-2235.

13. Keddis MT, Rule AD. Nephrolithiasis and loss of kidney function. Curr
Opin Nephrol Hypertens. 2013; 22: 390-396.

14. Eisner BH, Goldfarb DS. A nomogram for the prediction of kidney stone
recurrence. ] Am Soc Nephrol 2014; 25: 2685-2687. 34. Madore F, Stampfer M]J, Willett WC, Speizer FE, Curhan GC.
Nephrolithiasis and risk of hypertension in women. Am J Kidney Dis.

1 1998; 32: 802-807.

w

. Tibblin G. A population study of 50-year-old men. An analysis of the non-
participation group. Acta Med Scand. 1965; 178(4): 453-459.
35. Borghi L, Meschi T, Guerra A, et al. Essential arterial hypertension and

16. Madore F, Stampfer MJ, Willett WC, Speizer FE, Curhan GC. stone disease. Kidney Int. 1999; 55: 2397-2406.

Nephrolithiasis and risk of hypertension in women. Am ] Kidney Dis.
1998; 32(5): 802-807. 3

>

Stoller ML, Low RK, Shami GS, McCormick VD, Kerschmann RL. High-
resolution radiography of cadaveric kidneys: unraveling the mystery of

17. Madore F, Stampfer MJ, Rimm EB, Curhan GC. Nephrolithiasis and risk Randall’s plaque formation. J Urol. 1996; 156: 1263-1266.
of hypertension. Am ] Hypertens. 1998; 11: 46-53.
37. Wexler BC, McMurtry JP. Kidney and bladder calculi in spontaneously

1 hypertensive rats. Br ] Exp Pathol. 1981; 62: 369-374.

o

. Strazzullo P, Barba G, Vuotto P, Farinaro E, Siani A, Nunziata V, et al.
Past history of nephrolithiasis and incidence of hypertension in men: a
reappraisal based on the results of the Olivetti prospective heart study. 3
Nephrol Dial Transplant. 2001; 16(11): 2232-2235.

o)

. Koletsky S. Pathologic findings and laboratory data in a new strain of obese
hypertensive rats. Am J Pathol. 1975; 80: 129-142.

19. Gillen DL, Coe FL, Worcester EM. Nephrolithiasis and increased blood ~ 39- Domingos F, Serra A. Nephrolithiasis is associated with an increased
pressure among females with high body mass index. Am J Kidney Dis. prevalence of cardiovascular disease. Nephrol Dial Transplant. 2011; 26:
2005; 46(2): 263-269. 864-868.

40. Akoudad S, Szklo M, McAdams MA, Fulop T, Anderson CAM, Coresh
J, et al. Correlates of kidney stone disease differ by race in a multi-ethnic
middle-aged population: the ARIC study. Prev Med. 2010; 51: 416-420.

20. Domingos F, Serra A. Nephrolithiasis is associated with an increased
prevalence of cardiovascular disease. Nephrol Dial Transplant. 2011; 26:
864-868.

—_

. Gillen DL, Coe FL, Worcester EM. Nephrolithiasis and increased blood
pressure among females with high body mass index. Am | Kidney Dis.
2005; 46: 263-269.

2

—_

. Ando R, Nagaya T, Suzuki S, Okada A, Yasui T, Tozawa K, et al. Positive 4
associations of current and past history of kidney stones with overweight,
hypertension, hyperuricemia and chronic kidney disease in a screened
population. Urology. 2012;1: S51. 4

[SS]

. Taylor EN, Curhan GC. Body size and 24-hour urine composition. Am J

22. Kittanamongkolchai W, Mara KC, Mehta RA, Vaughan LE, Denic A, Kidney Dis. 2006; 48: 905-915.

Knoedler JJ, et al. Risk of hypertension among first-time symptomatic 4
kidney stone formers. Clin ] Am Soc Nephrol. 2017; 12(3): 476-482.

w

. Eisner BH, Porten SP, Bechis SK, Stoller ML. Hypertension is associated
with increased urinary calcium excretion in patients with nephrolithiasis.

2 J Urol. 2010; 183: 576-579.

(55

. Cupisti A, D'Alessandro C, Samoni S, Meola M, Egidi MF. Nephrolithiasis
and hypertension: possible links and clinical implications. ] Nephrol. 2014; 44, Taylor EN, Mount DB, Forman JP, Curhan GC. Association of prevalent

27(5): 477-482. hypertension with 24-hour urinary excretion of calcium, citrate, and other

24. Strazzullo P, Nunziata V, Cirillo M, Giannattasio R, Ferrara LA, Mattioli factors. Am J Kidney Dis. 2006; 47: 780-789.

PL, et al. Abnormalities of calcium metabolism in essential hypertension. 4
Clin Sci.1983; 65(2): 137-141.

w

. Whitworth JA. 2003 World Health Organization (WHO)/ International
Society of Hypertension (ISH) statement on management of hypertension.

5 J Hypertens. 2003; 21: 1983-1992.

v

.Strazzullo P, Mancini M. Hypertension, calcium metabolism, and
nephrolithiasis. Am ] Med Sci. 1994; 307: $102-5106. 46. Moritz AR, Oldt MR. Arteriolar sclerosis in hypertensive and non-

26. Obligado SH, Goldfarb DS. The association of nephrolithiasis with hypertensive individuals. Am J Pathol. 1937 13: 679-728.

hypertension and obesity: a review. Am ] Hypertens. 2008; 21(3): 257-264. 4

N

Kimmelstiel P, Wilson C. Benign and malignant hypertension and
nephrosclerosis: a clinical and pathological study. Am ] Pathol. 1936; 12:

27. Kohjimoto Y, Sasaki Y, Iguchi M, Matsumura N, Inagaki T, Hara I 45.82

Association of metabolic syndrome traits and severity of kidney stones:
results from a nationwide survey on urolithiasis in Japan. Am J Kidney 4
Dis. 2013; 61(6): 923-929.

o]

. Johnson RJ, Feig DI, Nakagawa T, Sanchez-Lozada LG, Rodriguez-Iturbe
B. Pathogenesis of essential hypertension: historical paradigms and

insights. ] H .2008; 26: 381-391.
28. Khan SR. Is oxidative stress, a link between nephrolithiasis and obesity, modern insights. J Hypertens. 2008; 26: 381-39

hypertension, diabetes, chronic kidney disease, metabolic syndrome? Urol ~ 49. Montecucco F, Pende A, Quercioli A, Mach F. Inflammation in the

Res. 2012; 40(2): 95-112.

. Cirillo M, Laurenzi M. Elevated blood pressure and positive history of
kidney stones: results from a population-based study. ] Hypertens Suppl.
1988; 6: S485-5486.

S

pathophysiology of essential hypertension. ] Nephrol. 2010; 24: 23-34.

Rodriguez-Iturbe B, Franco M, Tapia E, Quiroz Y, Johnson R]. Renal
inflammation, autoimmunity and salt-sensitive hypertension. Clin Exp
Pharmacol Physiol. 2012; 39(1): 96-103.

WebLog Open Access Publications

Wjnp.2026.h2910


http://www.weblogoa.com
https://pubmed.ncbi.nlm.nih.gov/19853335/
https://pubmed.ncbi.nlm.nih.gov/19853335/
https://pubmed.ncbi.nlm.nih.gov/19853335/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/24929140/
https://pubmed.ncbi.nlm.nih.gov/24929140/
https://pubmed.ncbi.nlm.nih.gov/24929140/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4074537/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4074537/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4243365/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4243365/
https://pubmed.ncbi.nlm.nih.gov/5838318/
https://pubmed.ncbi.nlm.nih.gov/5838318/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://pubmed.ncbi.nlm.nih.gov/9504449/
https://pubmed.ncbi.nlm.nih.gov/9504449/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://www.webofscience.com/wos/woscc/full-record/WOS:000209846800118
https://www.webofscience.com/wos/woscc/full-record/WOS:000209846800118
https://www.webofscience.com/wos/woscc/full-record/WOS:000209846800118
https://www.webofscience.com/wos/woscc/full-record/WOS:000209846800118
https://pubmed.ncbi.nlm.nih.gov/28148559/
https://pubmed.ncbi.nlm.nih.gov/28148559/
https://pubmed.ncbi.nlm.nih.gov/28148559/
https://pubmed.ncbi.nlm.nih.gov/24577680/
https://pubmed.ncbi.nlm.nih.gov/24577680/
https://pubmed.ncbi.nlm.nih.gov/24577680/
https://pubmed.ncbi.nlm.nih.gov/6305548/
https://pubmed.ncbi.nlm.nih.gov/6305548/
https://pubmed.ncbi.nlm.nih.gov/6305548/
https://pubmed.ncbi.nlm.nih.gov/8141146/
https://pubmed.ncbi.nlm.nih.gov/8141146/
https://pubmed.ncbi.nlm.nih.gov/18219300/
https://pubmed.ncbi.nlm.nih.gov/18219300/
https://pubmed.ncbi.nlm.nih.gov/23433467/
https://pubmed.ncbi.nlm.nih.gov/23433467/
https://pubmed.ncbi.nlm.nih.gov/23433467/
https://pubmed.ncbi.nlm.nih.gov/23433467/
https://pubmed.ncbi.nlm.nih.gov/22213019/
https://pubmed.ncbi.nlm.nih.gov/22213019/
https://pubmed.ncbi.nlm.nih.gov/22213019/
https://pubmed.ncbi.nlm.nih.gov/3241240/
https://pubmed.ncbi.nlm.nih.gov/3241240/
https://pubmed.ncbi.nlm.nih.gov/3241240/
https://pubmed.ncbi.nlm.nih.gov/2354291/
https://pubmed.ncbi.nlm.nih.gov/2354291/
https://pubmed.ncbi.nlm.nih.gov/2354291/
https://pubmed.ncbi.nlm.nih.gov/20970836/
https://pubmed.ncbi.nlm.nih.gov/20970836/
https://pubmed.ncbi.nlm.nih.gov/20970836/
https://pubmed.ncbi.nlm.nih.gov/10419076/
https://pubmed.ncbi.nlm.nih.gov/10419076/
https://pubmed.ncbi.nlm.nih.gov/10419076/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/11682673/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://pubmed.ncbi.nlm.nih.gov/9820450/
https://www.kidney-international.org/article/S0085-2538(15)46202-7/fulltext
https://www.kidney-international.org/article/S0085-2538(15)46202-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/8808850/
https://pubmed.ncbi.nlm.nih.gov/8808850/
https://pubmed.ncbi.nlm.nih.gov/8808850/
https://pubmed.ncbi.nlm.nih.gov/7295530/
https://pubmed.ncbi.nlm.nih.gov/7295530/
https://pubmed.ncbi.nlm.nih.gov/1171627/
https://pubmed.ncbi.nlm.nih.gov/1171627/
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://academic.oup.com/ndt/article-abstract/26/3/864/1837503?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/20801154/
https://pubmed.ncbi.nlm.nih.gov/20801154/
https://pubmed.ncbi.nlm.nih.gov/20801154/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://pubmed.ncbi.nlm.nih.gov/16112044/
https://pubmed.ncbi.nlm.nih.gov/17162145/
https://pubmed.ncbi.nlm.nih.gov/17162145/
https://pubmed.ncbi.nlm.nih.gov/20018328/
https://pubmed.ncbi.nlm.nih.gov/20018328/
https://pubmed.ncbi.nlm.nih.gov/20018328/
https://pubmed.ncbi.nlm.nih.gov/16632016/
https://pubmed.ncbi.nlm.nih.gov/16632016/
https://pubmed.ncbi.nlm.nih.gov/16632016/
https://pubmed.ncbi.nlm.nih.gov/14597836/
https://pubmed.ncbi.nlm.nih.gov/14597836/
https://pubmed.ncbi.nlm.nih.gov/14597836/
https://pubmed.ncbi.nlm.nih.gov/19970344/
https://pubmed.ncbi.nlm.nih.gov/19970344/
https://pubmed.ncbi.nlm.nih.gov/19970253/
https://pubmed.ncbi.nlm.nih.gov/19970253/
https://pubmed.ncbi.nlm.nih.gov/19970253/
https://pubmed.ncbi.nlm.nih.gov/18300843/
https://pubmed.ncbi.nlm.nih.gov/18300843/
https://pubmed.ncbi.nlm.nih.gov/18300843/
https://pubmed.ncbi.nlm.nih.gov/20437401/
https://pubmed.ncbi.nlm.nih.gov/20437401/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3137657/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3137657/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3137657/

Marilena Stoian

WebLog Journal of Nephrology

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rodriguez-Iturbe B, Vaziri ND, Johnson R]J. Inflammation, angiotensin II,
and hypertension. Hypertension. 2008; 52: e135- e136.

Rodriguez-Iturbe B, Vaziri ND, Herrera-Acosta ], Johnson RJ. Oxidative
stress, renal infiltration of immune cells, and salt-sensitive hypertension: all
for one and one for all. Am J Physiol Renal Physiol. 2004; 286: F606-F616.

Stefanadi E, Tousoulis D, Androulakis ES, Papageorgiou N, Charakida M,
Siasos G, et al. Inflammatory markers in essential hypertension: potential
clinical implications. Curr Vasc Pharmacol. 2010; 8: 509-516.

Briones AM, Touyz RM. Oxidative stress and hypertension: current
concepts. Curr Hypertens Rep. 2010; 12: 135-142.

Nistala R, Whaley-Connell A, Sowers JR. Redox control of renal function
and hypertension. Antioxid Redox Signal. 2008; 10: 2047-2089.

Bautista LE, Lopez-Jaramillo P, Vera LM, Casas JP, Otero AP, Guaracao Al.
Is C-reactive protein an independent risk factor for essential hypertension?
] Hypertens. 2001; 19: 857-861.

Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C.
Adherence to the Mediterranean diet attenuates inflammation and
coagulation process in healthy adults: The ATTICA Study. ] Am Coll
Cardiol. 2004; 44: 152-158.

Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker PM. C-reactive
protein and the risk of developing hypertension. JAMA. 2003; 290: 2945-
2951.

Kurata M, Okura T, Watanabe S, Fukuoka T, Higaki J. Osteopontin and
carotid atherosclerosis in patients with essential hypertension. Clin Sci.
2006; 111: 319-324.

Stumpf C, John S, Jukic J, Yilmaz A, Raaz D, Schmieder RE, et al. Enhanced
levels of platelet P-selectin and circulating cytokines in young patients with
mild arterial hypertension. ] Hypertens. 2005; 23: 995-1000.

Wilcox CS. Reactive oxygen species: roles in blood pressure and kidney
function. Curr Hypertens Rep. 2002; 4: 160-166.

O’Connor PM, Cowley Jr AW. Modulation of pressure-natriuresis by
renal medullary reactive oxygen species and nitric oxide. Curr Hypertens
Rep. 20105 12: 86-92.

Ignarro LJ, Napoli C, Loscalzo J. Nitric oxide donors and cardiovascular
agents modulating the bioactivity of nitric oxide: an overview. Circ Res.
2002; 90: 21-28.

Armas-Padilla MC, Armas-Hernandez M]J, Sosa-Canache B, Cammarata
R, Pacheco B, Guerrero J, et al. Nitric oxide and malondialdehyde in
human hypertension. Am J Ther. 2007; 14: 172-176.

Rodriguez-Iturbe B, Romero F, Johnson RJ. Pathophysiological
mechanisms of salt-dependent hypertension. Am J Kidney Dis. 2007; 50:
655-672.

LiN, Yi FX, Spurrier JL, Bobrowitz CA, Zou AP. Production of superoxide
through NADH oxidase in thick ascending limb of Henle’s loop in rat
kidney. Am J Physiol Renal Physiol. 2002; 282: F1111-F1119.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Geiszt M, Kopp JB, Varnai P, Leto TL. Identification of renox, an NAD(P)
H oxidase in kidney. Proc Natl Acad Sci USA. 2000; 97: 8010-8014.

Hanna IR, Taniyama Y, Szocs K, Rocic P, Griendling KK. NAD(P)H
oxidase-derived reactive oxygen species as mediators of angiotensin II
signaling. Antioxid Redox Signal. 2002; 4: 899-914.

Wilcox CS, Welch WJ. Oxidative stress: cause or consequence of
hypertension. Exp Biol Med. 2001; 226: 619-620.

Chabrashvili T, Tojo A, Onozato ML, Kitiyakara C, Quinn MT, Fujita T, et
al. Expression and cellular localization of classic NADPH oxidase subunits
in the spontaneously hypertensive rat kidney. Hypertension. 2002; 39: 269-
274.

Schnackenberg CG, Welch WJ, Wilcox CS. Normalization of blood
pressure and renal vascular resistance in SHR with a membrane-permeable
superoxide dismutase mimetic: role of nitric oxide. Hypertension. 1998;
32:59-64.

Zalba G, Beaumont FJ, San Jose G, Fortuiio A, Fortufio MA, Etayo JC, et
al. Vascular NADH/ NADPH oxidase is involved in enhanced superoxide
production in spontaneously hypertensive rats. Hypertension. 2000; 35:
1055-1061.

Grote K, Ortmann M, Salguero G, Doerries C, Landmesser U, Luchtefeld
M, et al. Critical role for p47phox in renin-angiotensin system activation
and blood pressure regulation. Cardiovasc Res. 2006; 71: 596-605.

Landmesser U, Cai H, Dikalov S, McCann L, Hwang J, Jo H, et al. Role
of p47(phox) in vascular oxidative stress and hypertension caused by
angiotensin II. Hypertension. 2002; 40: 511-515.

Zhou MS, Schulman IH, Pagano PJ, Jaimes EA, Raij L, et al. Reduced
NAD(P)H oxidase in low renin hypertension: link among angiotensin II,
atherogenesis, and blood pressure. Hypertension. 2006; 47: 81-86.

Tian N, Moore RS, Phillips WE, Lin L, Braddy S, Pryor JS, et al. NADPH
oxidase contributes to renal damage and dysfunction in Dahl salt-sensitive
hypertension. Am ] Physiol Regul Integr Comp Physiol. 2008; 295:
R1858-R1865.

Taylor NE, Glocka P, Liang M, Cowley Jr AW. NADPH oxidase in the
renal medulla causes oxidative stress and contributes to salt-sensitive
hypertension in Dahl S rats. Hypertension. 2006; 47: 692-698.

Tzelves L, Geraghty R, Lombardo R, Davis NF, Pettik A, Neisius A, et al.
Duration of Follow-up and Timing of Discharge from Imaging Follow-up,
in Adult Psatients with Urolithiasis After Surgical or Medical Intervention:
A Systematic Review and Meta-Analysis from the European Association
of Urology Guideline Panel on Urolithiasis. Eur Urol Focus. 2023; 9(1):
188-198.

WebLog Open Access Publications

Wjnp.2026.h2910


http://www.weblogoa.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC2717623/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2717623/
https://pubmed.ncbi.nlm.nih.gov/15001451/
https://pubmed.ncbi.nlm.nih.gov/15001451/
https://pubmed.ncbi.nlm.nih.gov/15001451/
https://pubmed.ncbi.nlm.nih.gov/19538178/
https://pubmed.ncbi.nlm.nih.gov/19538178/
https://pubmed.ncbi.nlm.nih.gov/19538178/
https://link.springer.com/article/10.1007/s11906-010-0100-z
https://link.springer.com/article/10.1007/s11906-010-0100-z
https://pubmed.ncbi.nlm.nih.gov/18821850/
https://pubmed.ncbi.nlm.nih.gov/18821850/
https://pubmed.ncbi.nlm.nih.gov/11393667/
https://pubmed.ncbi.nlm.nih.gov/11393667/
https://pubmed.ncbi.nlm.nih.gov/11393667/
https://pubmed.ncbi.nlm.nih.gov/15234425/
https://pubmed.ncbi.nlm.nih.gov/15234425/
https://pubmed.ncbi.nlm.nih.gov/15234425/
https://pubmed.ncbi.nlm.nih.gov/15234425/
https://pubmed.ncbi.nlm.nih.gov/14665655/
https://pubmed.ncbi.nlm.nih.gov/14665655/
https://pubmed.ncbi.nlm.nih.gov/14665655/
https://pubmed.ncbi.nlm.nih.gov/16776647/
https://pubmed.ncbi.nlm.nih.gov/16776647/
https://pubmed.ncbi.nlm.nih.gov/16776647/
https://pubmed.ncbi.nlm.nih.gov/15834285/
https://pubmed.ncbi.nlm.nih.gov/15834285/
https://pubmed.ncbi.nlm.nih.gov/15834285/
https://pubmed.ncbi.nlm.nih.gov/11884272/
https://pubmed.ncbi.nlm.nih.gov/11884272/
https://pubmed.ncbi.nlm.nih.gov/20424940/
https://pubmed.ncbi.nlm.nih.gov/20424940/
https://pubmed.ncbi.nlm.nih.gov/20424940/
https://pubmed.ncbi.nlm.nih.gov/11786514/
https://pubmed.ncbi.nlm.nih.gov/11786514/
https://pubmed.ncbi.nlm.nih.gov/11786514/
https://pubmed.ncbi.nlm.nih.gov/17414586/
https://pubmed.ncbi.nlm.nih.gov/17414586/
https://pubmed.ncbi.nlm.nih.gov/17414586/
https://pubmed.ncbi.nlm.nih.gov/17900467/
https://pubmed.ncbi.nlm.nih.gov/17900467/
https://pubmed.ncbi.nlm.nih.gov/17900467/
https://pubmed.ncbi.nlm.nih.gov/11997328/
https://pubmed.ncbi.nlm.nih.gov/11997328/
https://pubmed.ncbi.nlm.nih.gov/11997328/
https://pubmed.ncbi.nlm.nih.gov/10869423/
https://pubmed.ncbi.nlm.nih.gov/10869423/
https://pubmed.ncbi.nlm.nih.gov/12573139/
https://pubmed.ncbi.nlm.nih.gov/12573139/
https://pubmed.ncbi.nlm.nih.gov/12573139/
https://pubmed.ncbi.nlm.nih.gov/11444093/
https://pubmed.ncbi.nlm.nih.gov/11444093/
https://pubmed.ncbi.nlm.nih.gov/11847196/
https://pubmed.ncbi.nlm.nih.gov/11847196/
https://pubmed.ncbi.nlm.nih.gov/11847196/
https://pubmed.ncbi.nlm.nih.gov/11847196/
https://pubmed.ncbi.nlm.nih.gov/9674638/
https://pubmed.ncbi.nlm.nih.gov/9674638/
https://pubmed.ncbi.nlm.nih.gov/9674638/
https://pubmed.ncbi.nlm.nih.gov/9674638/
https://pubmed.ncbi.nlm.nih.gov/10818064/
https://pubmed.ncbi.nlm.nih.gov/10818064/
https://pubmed.ncbi.nlm.nih.gov/10818064/
https://pubmed.ncbi.nlm.nih.gov/10818064/
https://pubmed.ncbi.nlm.nih.gov/16843452/
https://pubmed.ncbi.nlm.nih.gov/16843452/
https://pubmed.ncbi.nlm.nih.gov/16843452/
https://pubmed.ncbi.nlm.nih.gov/12364355/
https://pubmed.ncbi.nlm.nih.gov/12364355/
https://pubmed.ncbi.nlm.nih.gov/12364355/
https://www.ahajournals.org/doi/pdf/10.1161/01.HYP.0000197182.65554.c7
https://www.ahajournals.org/doi/pdf/10.1161/01.HYP.0000197182.65554.c7
https://www.ahajournals.org/doi/pdf/10.1161/01.HYP.0000197182.65554.c7
https://pubmed.ncbi.nlm.nih.gov/18922960/
https://pubmed.ncbi.nlm.nih.gov/18922960/
https://pubmed.ncbi.nlm.nih.gov/18922960/
https://pubmed.ncbi.nlm.nih.gov/18922960/
https://pubmed.ncbi.nlm.nih.gov/16505210/
https://pubmed.ncbi.nlm.nih.gov/16505210/
https://pubmed.ncbi.nlm.nih.gov/16505210/
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468
https://www.sciencedirect.com/science/article/abs/pii/S2405456922001468

	Title
	Abstract
	Introduction
	The Relationship Between Hypertension and Nephrolithiasis from the Beginnings to the Present
	Inflamation and Oxidative Stress as Possible Links Between Stone Disease and Hypertension
	Conclusions
	References

