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CHAPTER 38 — Urolithiasis 4

❑Uric acid stones is more prevalent in 
patients with T2DM than in nondiabetic 
stone formers and more in obese than in 
nonobese stone formers.

❑Higher BMI and T2DM are shown to 
be independent risk factors for uric acid 
nephrolithiasis.
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❑Patients with type 2 diabetes are at 1.3–1.7 times the risk of nephrolithiasis compared with the 
general population . This association is highlighted for uric acid stones in that UA stones are 
prevalent as 35.7% of all stones in type 2 diabetes, whereas only 11.3% of those in nondiabetic 
patients. 

❑The link between UA stones and type 2 diabetes is thought to be driven by excess undissolved 
urinary UAs in relation to insulin resistance and  unduly acidic urine.

❑Insulin resistance is also associated with prolithogenic urinary profiles for calcium stones such 
as hypocitraturia, hyperoxaluria, and/or hypercalciuria.

6Diabetes mellitus and the risk of nephrolithiasis. Kidney international. 2005;

Diabetic Severity and Risk of Kidney Stone Disease



Diabetic Severity and Risk of Kidney Stone Disease

Diabetes mellitus and the risk of nephrolithiasis. Kidney international. 2005; 7



Diabetic Severity and Risk of Kidney Stone Disease

Eur Urol. 2014 January ; 8

❖ glycemic control is also associated 

with the pathogenesis of stone 

disease.

❖ HbA1c bore the strongest 

association with the odds of 

kidney stone disease. 



Nephrolithiasis With SGLT2 Inhibitors

Nephrolithiasis With SGLT2 and DPP4 Inhibitors Diabetes Care Volume 48, February 2025 9



Nephrolithiasis With SGLT2 Inhibitors

• results are in line with a recent meta-analysis pooled from 27 RCT on SGLT2is that  
showed :.

Nephrolithiasis With SGLT2 and DPP4 Inhibitors ,  Diabetes Care 2025;48:193–201 10

A 36% reduced  of nephrolithiasis compared with placebo and also 
with a 26% risk reduction compared with DPP4i

increased 
urinary flow

higher citrate 
excretion

reduced 
inflammation

mechanisms underlying 
stone prevention by SGLT2is



Kidney International (2019) 96, 517–524 11

❑ pioglitazone not only improved the metabolic syndrome, 
reduce the incidence of nephrolithiasis in patients with 
type 2 diabetes.



NEPHROLITHIASIS, CARDIOVASCULAR DISEASE, AND HYPERTENSION

❑ the prevalence of nephrolithiasis increasing from 1% in 
those with the lowest blood pressure compared with 
13% in those with the highest blood pressure.

❑ In a Canadian study of 25,000 subjects compared with people 
without kidney stones, kidney stone had a higher risk of 
subsequent myocardial infarction and stroke.
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kidney stone and heart disease

•

Shang et al. BMC Nephrology (2017) 13

kidney 
stone

carotid artery 
atheroscleros coronary heart disease.

cardiovascular anomalies such as an augmented pulse-wave velocity

Arterial stiffness vascular calcification MI  and cardiovascular events



NEPHROLITHIASIS, CARDIOVASCULAR DISEASE

Journal of Nephrology (2022) 35:851–857 14

❖ That stone-formers affected by heart 
disease have a multifactorial 24-h urine 
pattern characterized by lower urinary 
excretions of both citrate and magnesium, 
this might indicate a shared underlying 
pathogenesis.
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Nephrolithiasis and risk of hypertension

Shang et al. BMC Nephrology (2017) 16

❖ Since the association between arterial hypertension and nephrolithiasiswas

described in 1965 for the first time.

❖ Data from several observational studies suggested a risk of hypertension in 

nephrolithiasis patients of 1.24–1.96 compared to the general population.



Nephrolithiasis and risk of hypertension

Shang et al. BMC Nephrology (2017) 17

First: calcium metabolism Second: metabolic syndrome and insulin resistance

Third :CKD Finally, inflammation and oxidative stress [

❑ several potential reasons which mayexplain the observed associations:
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❑ The potassium 24-h urinary levels in SF-Hs were significantly lowe compared to nSF-Hs. 

❑ in conclusion, a higher potassium urinary excretion in 24-h is a protective factor against NL in 
patients affected by Htn and dietary interventions can be considered for kidney protection.



The role of the microbiome in kidney stone formation

❑Oxalobacter formigenes (Oxf), in 1985 has attracted considerable attention 

regarding its involvement in calcium oxalate stone disease . 

❑ It is unique in that it requires oxalate both as a carbon source and for ATP generation 
and could degrade ingested oxalate and reduce intestinal absorption, and stimulate 
oxalate secretion from the colon, offering protection from hyperoxaluria..

❑Clinical findings have suggested that there is a direct correlation between the 

organism's absence and hyperoxaluria and oxalate stone formation.

M. Mehta et al. / International Journal of Surgery 36 (2016) 19



The role of the microbiome in kidney stone formation

M. Mehta et al. / International Journal of Surgery 36 (2016) 20

❖ A case control study found a strong 
invers association between colonization 
with Oxf and recurrent calcium oxalate 
stones with a 70% risk reduction.



❖ Antibiotic effect on O. formigenes in humans

Antibiotic use could be responsible for the decrease in the prevalence of Oxf in adults .
Oxf strains are susceptible to multiple antibiotics including quinolones, macrolides, tetracyclines 
and metronidazole.

. Mehta et al. / International Journal of Surgery 36 (2016) 21



The role of the microbiome in kidney stone formation

❑These oral probiotic preparations include Oxf alone, or different combinations of Lactobacillus, 
Bifidobacterium, and other oxalate degraders.

❑Attempts to introduce oxalate-degrading microbes though oral probiotic formulations into the 
human gut have resulted in a decrease in urinary oxalate excretion

Kidney International (2019) 96, 25–27 22



Kidney International (2019) 96, 25–27 23

❑ In fact, Oxalobacter may be flanked by a large number of other bacteria, with an overall higher representation in the 
microbiome and exhibiting a certain degree of oxalate-degrading capacity.

❑ Moreover, the average relative abundance of some specific taxa including Sutterella, Veillonella, and Peptococcus, was 
significantly correlated with urinary oxalate excretion.

❑ Gut dysbiosis, with selective 
depletion of these microbial 
populations, may thus promote 
oxalate absorption, hyperoxaluria, 
and kidney stone formation



The role of the microbiome in kidney stone formation

Yuan et al. BMC Microbiology (2023) 23:143 24

.

❖ There is a characteristic 
gut microbiota dysbiosis in 
kidney stone patients.

❖ Individualized therapies 
like:

➢ Microbial supplementation
➢ probiotic
➢ adjusted diet patterns



KIDNEY STONE DISEASE AND CHRONIC KIDNEY DISEASE

❑Kidney stone disease and CKD can potentially be causally related because of recurrent obstruction and 
infection, repeated shock wave therapy.

❑A study has shown that symptomatic kidney stone with followed over 9 years were at increased risk of 
developing ESKD.

❑The association between kidney stones and risk of ESKD was found to be increased in those with urologic 
abnormalities, hydronephrosis, recurrent uti, single kidney, neurologic bladder.

CHAPTER 38 — Urolithiasis 25



Nephrolithiasis and loss of kidney function

Curr Opin Nephrol Hypertens. 2013 July 26

❑ Across several studies, patients with nephrolithiasis had about a two-fold higher risk for decreased renal function 

or need for renal replacement therapy. 



MECHANISMS OF NEPHROLITHIASIS-ASSOCIATED KIDNEY DAMAGE

❑pyelonephritis complicates the stone episode, acute kidney injury may occur.are potential pathways for subsequent CKD.

❑chronic pyelonephritis due to an infected stone predisposes to tubulointerstitial inflammation and renal scarring 
.

Curr Opin Nephrol Hypertens. 2013 July
27

❖ complicated by infection or 

obstruction may indeed lead to more 

permanent renal damage and CKD.



MECHANISMS OF NEPHROLITHIASIS-ASSOCIATED KIDNEY DAMAGE

Curr Opin Nephrol Hypertens. 2013 July 28

UUO prolonged                 TGF-β and TNF-α increased interstitial volume, 

matrix deposition, monocyte infiltration, and fibroblast differentiation     tubulointerstitial 

inflammation and fibrosis and glomerulosclerosis 

unilateral ureteral obstruction (UUO)                increased intratubular pressure             

renal vasoconstriction

decline in GFR and renal bloodflow partially



Nephrolithiasis and loss of kidney function

❑In a retrospective analysis of stone composition and urine chemistries:

Curr Opin Nephrol Hypertens. 2013 July 29

calcium 

phosphate stones
GFR at least 60 

ml/min/1.73 m2.

GFR be low 60 

ml/min/1.73 m2

lower urine pH 

and uric acid 

struvite stones.



Nephrolithiasis and loss of kidney function

❖struvite and calcium were the most common stone compositions of those that developed ESRD,

30



OSTEOPOROSIS AND KIDNEY STONES

CHAPTER 38 — Urolithiasis 31

❑ recent systematic review and comparative meta-analysis in 
24 case-control studies has shown that a lower BMD 
involves all skeletal sites and that the risk of osteoporosis 
in patients with nephrolithiasis is four times more than in 
healthy controls

❑ Several epidemiologic studies have established an
association between a history of kidney stones and a higher
prevalence of fractures



PATHOPHYSIOLOGIC MECHANISMS LINKING OSTEOPOROSIS AND KIDNEY STONES

JBMR® Plus (WOA), Vol. 7, No. 9, September 2023 32
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❖ Bone loss is associated with an increased risk of kidneystones. Targeting the mTOR signaling pathway 

may offera potential therapeutic approach for treating both osteoporosis and kidney stones



Effect of bisphosphonates on the crystallization of
stone-forming salts in synthetic urine

Investig Clin Urol 2020;61:310-315. 35

❖ At the lowest dose of 0.001 mg/mL, risedronate 
induced the highest IA of 37% on CaP, whereas 
ibandronate had the strongest IA on COM (24%).

❖ To initiate the inhibition of MAP crystallization, 

risedronate required a two-fold higher 
concentration (0.002 mg/mL) to reach 30% IA,

whereas etidronate required a four-fold higher 
concentration (0.004 mg/mL) to reach 42% IA.



Effect of bisphosphonates on the crystallization of
stone-forming salts in synthetic urine

Investig Clin Urol 2020;61:310-315. 36

❑ BPs are good inhibitors of crystallization 

in synthetic urine, with risedronate and 
ibandronate being the most potent.

❑ At a low clinically acceptable dose, their 
highest inhibitory action was on CaP and 
COM crystals. Higher doses were needed to 
prevent MAP crystallization. 



Effect of bisphosphonates on the crystallization of
stone-forming salts in synthetic urine

Investig Clin Urol 2020;61:310-315. 37

❖ BPs are good inhibitors of crystallization in synthetic urine . Overall, BPs showed the best inhibitory effect 
on CaP and COM crystallization at clinically acceptable low doses. 

❖ Higher doses of BPs were needed to prevent MAP crystallization. The difference in the IA of BPs on these three 

types of crystals is likely due to their high affinity for calcium

MAPCOMcap



Obesity and kidney stone disease

Minerva Urologica e Nefrologica August 2018 
38

❑ the percentage of stones raised with BMI in the male population, from 7.1% in normal BMI to 11.3% in 

overweight and 28.7% in obese patients.

❑ Hypercalciuria, gouty diathesis, hypocitraturia and a low urinary volume were found in more than 50% of obese 

patients included in a nephrolithiasis database. Other reported metabolic defects included hyperoxaluria and high 

urinary excretion of sulfate



Bariatric Surgery and Risk of Urolithiasis

Bariatric Surgery and Riskof Urolithiasis: A Review .EMJ Urol. 2022 39

❑DASH-style diet has been shown to decrease kidney ston incidence due to the high vegetable and 

fruit, moderate low-fat dairy, and low animal protein intake.37 These favourable effects seen with the DASH diet 

are a result of increases in urine volume, pH, and urinary excretion of citrate, potassium, magnesium

❑ bariatric surgery may also adversely affect stone risk. Restrictive procedures appear to have the lowest risk, 

whereas malabsorptive procedures are associated with the highest risks of stone formation.



BARIATRIC PROCEDURES AND RISK OF NEPHROLITHIASIS

❑Each type of surgery is accompanied by varying levels of stone risk.

Bariatric Surgery and Riskof Urolithiasis: A Review .EMJ Urol. 2022; 40



• There are various complex underlying pathophysiologic mechanisms associated with nephrolithiasis following bariatric surgery,
including:

❖low urine volume

❖Aciduria

❖Hyperoxaluria

❖Hypocitraturia

Bariatric Surgery and Riskof Urolithiasis: A Review .EMJ Urol. 2022 41

A decreased urine volume due to restricted gastric volumes

Acidic urine (pH: <4.6) has been demonstrated in several series of patients following 

RYGB, leading to uric acid stones

❖ fat malabsorption and altered gut microflora
❖ RYGB are at higher risk for nephrolithiasis. An even greater concern was 

the occurrence of oxalate nephropathy and renal failure

patients who have had RYGB have higher lower urinary citrate levels when 
compared to gastric banding patients.



MANAGEMENT OF STONE RISK IN
PATIENTS OF POST-BARIATRIC
SURGERY

Bariatric Surgery and Riskof Urolithiasis, EMJ Urol. 2022 42

❑a purely restrictive procedure such as gastric 
banding is associated with a much lower stone 
forming rate than malabsorptive procedures.

❑The oral administration of O. formigenes or its 
oxalate degrading enzymes



KIDNEY360 1: 1456–1461, December, 2020 Kidney Stones 43

❑ RYGB is also associated 
with higher risk of kidney 
stones and bone disease 
after surgery. Three years 
after surgery, new kidney 
stone incidence is 8% , and 
this continues to rise to 
14% 10 years after surgery. 
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❖ Kidney stones and the risk of renal cell carcinoma and 

upper tract urothelial carcinoma

45

❑ kidney stones were associated with an increased risk of papillary RCC but not clear-cell RCC.

❑ UTUC risk was increased for participants with kidney stones No heterogeneity of associations was 

found for UTUC in the ureter and renal pelvis.

❑ this is the first prospective study to examine the relationship between kidney stones and RCC and 
UTUC risk and the first study to show heterogeneity of associations between pRCC and ccRCC..



Shared mechanisms between kidney stones and 
urologic malignancies 

AmkJ Clin Exp Urol 2022;10(5):277-298 46

❑ Contributors to stone formation and cancer 

development and progression: shared cellular 

pathways :

❑ The inflammatory reaction caused by irritation of calculi 

and any superimposed infection drives hyperplasia in the 

renal epithelia. These cellular changes can progress into 

frank carcinoma or become dysplastic.



Shared contributors to renal stone formation and 
risk of urinary tract cancer

47



❑ The presence of kidney stones in renal malignancy is rare. Kidney stones can be a risk factor for renal cell 
malignancy, and renal cell malignancies can cause urinary stasis, making it a risk factor for kidney stones. 

International Journal of Surgery Case Reports 110 (2023) 108678 48

❑ Renal pelvis, and caliceal wall biopsy should be considered in chronic and large renal stone, 
especially staghorn stone in patient that did not have any signs of malignancy on CT scan. 



de novo nephrolithiasis after kidney transplantation 

49

❑ De novo nephrolithiasis after kidney transplantation can potentially threaten kidney graft function 
and survival. .

❑risk factors for nephrolithiasis in the transplanted:
➢ Female gender
➢ history of kidney stone disease before transplantation
➢ gout
➢ hypertension
➢ a longer pretransplant dialysis 
➢ urinary tract infections

Clinical Kidney Journal , 2024
,



de novo nephrolithiasis after kidney transplantation

Clinical Kidney Journal , 2024 50

✓ prevalence of kidney stone disease of 1.7% within 3 years after transplantation

✓ prevalence of nephrolithiasis among kidney transplant recipients is approximately 1%–2%

✓ The mean age at diagnosis was 44years.

✓ the mean time interval from trans- plant to nephrolithiasis was 28 months.



de novo nephrolithiasis after kidney transplantation Clinical presentation

Clinical Kidney Journal , 2024, vol. 17, no. 2, sfae023 51

❖ renal transplant recipients require 
frequent monitoring, including 
imaging of the renal graft                         

➢ asymptomatic kidney stones may be 
more frequently detected than in the 
general population.

❖ pain may be less prevalent because of 
denervation of the transplanted kidney 

➢ later diagnosis and more frequent 
complications, such as hydronephrosis 
and AKI



hypocitraturia and hyperoxaluria are even more prominent in renal transplant recipients.

Clinical Kidney Journal , 2024, vol. 17, no. 2, sfae023 52

❖ infectious diseases,

❖ side effects of 
mycophenolate mofetil

❖ frequent antibiotic exposure

DIARRHOEA 

➢decline in intestinal citrate absorption 
➢ absorption of magnesium
➢ enhance the absorption of oxalate

❖ metabolic acidosis due to allograft 
function and medications along 

with renal tubular acidification 
defects related to calcineurin 
inhibitor therapy..

hypocitraturia



Management de novo nephrolithiasis after kidney transplantation

Clinical Kidney Journal , 2024, vol. 17, no. 2, sfae023 53



Computational and Structural Biotechnology Journal 21 (2023) 54

❑ CNB dramatically inhibited COM crystal formation, 
growth and aggregation. At an equal amount, 
degrees of its inhibition against crystallization and 
crystal growth were slightly inferior to that of 
TUPs from healthy subjects that are known to 

strongly inhibit COM stone formation. 



Computational and Structural Biotechnology Journal 21 (2023) 3854–3864 55

. 



56

❑ Nephrolithiasis is now recognized as a 

marker for systemic disease and a 

predictor of metabolic and 
cardiovascular complications

❑ kidney stone disease is best addressed by a 
team led by nephrologists and 
urologists with input from multiple other 

health professionals including dietitians, 
endocrinologists,interventional
radiologists, and endocrine surgeons.
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