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Abstract

:

This study examined the profile of patients and the impact of diet on the risk of brushite stone formation under controlled, standardized conditions. Sixty-five patients with brushite nephrolithiasis were enrolled in the study. Metabolic, dietary, and 24 h urinary parameters were collected under the habitual, self-selected diet of the patients and the balanced mixed, standardized diet. The [13C2]oxalate absorption, ammonium chloride, and calcium loading tests were conducted. All patients had at least one abnormality on the usual diet, with hypercalciuria (84.6%), increased urine pH (61.5%), and hyperphosphaturia (43.1%) being the most common. Absorptive hypercalciuria was present in 32.1% and hyperabsorption of oxalate in 41.2%, while distal renal tubular acidosis (dRTA) was noted in 50% of brushite stone formers. The relative supersaturation of brushite did not differ between patients with and without dRTA. Among all recent brushite-containing calculi, 61.5% were mixed with calcium oxalate and/or carbonate apatite. The relative supersaturation of brushite, apatite, and calcium oxalate decreased significantly under the balanced diet, mainly due to the significant decline in urinary calcium, phosphate, and oxalate excretion. Dietary intervention was shown to be effective and should be an integral part of the treatment of brushite stone disease. Further research on the role of dRTA in brushite stone formation is needed.
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1. Introduction


Brushite and carbonate apatite are the most common calcium phosphate stones [1,2]. Although brushite-containing calculi account for only 1.3% of all urinary stones [2], brushite nephrolithiasis is characterized by a recurrence rate of up to 75%, which is higher than most other types of stones [3]. The brushite content of stones has been demonstrated to correlate with their fragility [4]. The particular density and hardness of brushite calculi, resulting in poor response to shock wave lithotripsy, the large stone burden, and the high frequency of stone episodes require repeated surgical interventions to achieve a high stone-free rate [4,5,6,7,8]. The number of surgical procedures is associated with missed workdays and is known to negatively affect health-related quality of life in stone patients [9].



Brushite stone disease is an aggressive form of nephrolithiasis and requires not only a targeted medical and surgical treatment approach but also comprehensive measures for diagnosis and recurrence prevention. The factors and mechanisms driving the formation of brushite stones are not yet fully understood. Hypercalciuria has been reported to be the most common abnormality in 24 h urine of brushite stone formers [7,10]. Additionally, a urine pH in the range of 6.5 to 6.8 may favor brushite crystallization [1]. While the importance of urinary phosphate excretion is still unclear [11], low urine volume and hypocitraturia are urinary factors that may enhance the risk of brushite stone formation [7,11]. However, knowledge on the role of diet in brushite stone disease is limited, and there is a lack of evidence on the urinary risk profile of brushite stone patients under controlled, standardized conditions. The aim of this study was to further characterize anatomical, metabolic, and nutritional risk factors of brushite nephrolithiasis under free and controlled, standardized conditions and to determine the effects of dietary intervention on urinary risk factors for brushite stone formation.




2. Materials and Methods


2.1. Patients


A total of 65 patients, 19 women and 46 men, with a history of brushite stone formation were enrolled in this study. Patients were referred to the University Stone Center of the Department of Urology at the University Hospital Bonn for inpatient metabolic evaluation under controlled, standardized conditions. Patients with a documented calculus from a recent stone event that contained any amount of brushite at stone analysis were considered for the study. Urinary stone composition was analyzed using Fourier transform infrared spectroscopy (PerkinElmer, Waltham, MA, USA). The exclusion criterion was primary hyperparathyroidism, which is considered a possible cause of hypercalciuria and calcium phosphate stone formation [12,13]. For four weeks before and during the study, patients discontinued dietary supplements and medications that could affect acid–base status or calcium, oxalate, phosphate, and purine metabolism, such as alkali citrate, sodium bicarbonate, L-methionine, thiazides, or allopurinol. Patients did not receive any dietary recommendations and were asked to maintain their habitual dietary patterns before participating in the study. The study was approved by the Ethics Committee of the Medical Faculty of the University of Bonn (430/19). Written informed consent was obtained from each patient.




2.2. Study Design


Medical history, anthropometric, metabolic, and 24 h urinary parameters were collected from the stone formers at baseline under their habitual, free-choice diet. The patients kept a 7-day dietary record during their usual diet. Patients described in detail the type and weighed amount of all food consumed. The computer program PRODI 5.3 (Nutri-Science GmbH, Freiburg, Germany) was used to calculate the dietary composition. The oxalate content of all beverages and foods analyzed in our laboratory was included in the database [14,15,16]. Dietary sodium intake was determined by 24 h urinary sodium excretion [17].



In the subsequent phase, patients received a balanced, standardized diet for a period of 11 days [17,18]. The daily water intake through beverages amounted to 2.5 L. The standardized diet, i.e., the daily intake of the specified fluids and food, results in a metabolic steady state after a few days of adaptation, so that constant urine values are achieved [17,18]. Participants collected 24 h urine during their usual, free-choice diet and after 7 days on the balanced mixed, standardized diet. The calcium loading test was conducted on days 2 and 3, the ammonium chloride loading test on day 4, and the [13C2]oxalate absorption test on days 9 and 10 under controlled, standardized conditions [19].




2.3. [13C2]Oxalate Absorption Test


The gastrointestinal oxalate absorption of the brushite stone formers was determined with the [13C2]oxalate absorption test [20]. The test was conducted under a standardized diet on two consecutive days. On the morning of the second day, patients received a capsule containing 50 mg sodium [13C2]oxalate (33.8 mg [13C2]oxalic acid) in a fasting state. On both days, the patients collected 24 h urine in fractions. The determination of labeled and unlabeled oxalate was performed by gas chromatography–mass spectrometry. Absorption was expressed as a percentage of the labeled oxalate dose. Hyperabsorption of oxalate is defined as intestinal absorption greater than 10% [18,21].




2.4. Ammonium Chloride Loading Test


The ammonium chloride loading test was performed to diagnose distal renal tubular acidosis (dRTA) [13,18]. The amount of NH4Cl administered was 0.1 g per kg body weight. A cut-off urine pH of 5.4 in the day profile was used to detect incomplete dRTA.




2.5. Calcium Loading Test


The oral calcium loading test was performed for diagnosis of the different forms of hypercalciuria [18]. Patients with urinary calcium excretion ≥5 mmol/24 h on the usual diet were included. Patients started fasting the night before shortly after dinner (6 pm), except for 300 mL of distilled water at 8 pm and at 11 pm. On the test day, patients consumed 600 mL of distilled water at 7 am. The first urine sample was collected between 7 and 9 am on the test day (2 h fasting). Subsequently, 1000 mg calcium in a total volume of 300 mL was administered together with a standardized breakfast at 9 am. At 11 am, 300 mL of water was consumed. The second urine sample was collected between 9 am and 1 pm. In the first and second urine samples, creatinine and calcium were determined. Urinary calcium was expressed as a ratio to urinary creatinine. Absorptive hypercalciuria is defined as urine calcium (mmol/L) to creatinine (mmol/L) ≤0.337 in the first and ≥0.564 in the second urine and renal hypercalciuria as urine calcium (mmol/L) to creatinine (mmol/L) ≥0.338 in the first and ≥0.564 in the second urine.




2.6. Urinary Parameters


Urinary volume, pH (potentiometry), density (hydrometer), sodium, potassium, and calcium (ion selective electrode), chloride (coulomb metric titration), magnesium (xylidyl-blue reaction), inorganic phosphate (phosphate molybdate reaction), inorganic sulfate (nephelometry), ammonium (ion selective electrode), creatinine (Jaffé reaction), uric acid (enzymatically, uricase), citrate (enzymatically, citrate lyase), and oxalate (enzymatically, oxalate oxidase) concentrations were measured. The ion-activity product of brushite, struvite, calcium oxalate, and uric acid was determined [18,22,23]. Relative supersaturation with respect to brushite, apatite, struvite, calcium oxalate, and uric acid was calculated using the iterative computer program EQUIL2 [24]. The glomerular filtration rate (eGFR) was estimated using the CKD-EPI study equation for adults [25]. Laboratory quality certification was available for each urine parameter.




2.7. Statistical Analysis


The non-parametric Mann–Whitney U test for unpaired data was used to compare continuous variables between two groups. Differences within groups before and after intervention were determined with the non-parametric Wilcoxon signed rank test. Categorical variables were compared using Fisher’s exact test and McNemar’s test. Pearson’s chi-squared test was used to assess the distribution of gender according to the different types of hypercalciuria. One-way analysis of variance (ANOVA) was performed for multi-group comparisons of means after checking the requirements with the Kolmogorov–Smirnov and Levene test. Correlations between variables were calculated using Spearman’s rank correlation. All statistical tests were two-sided for the exclusively explorative analysis with a significance level α = 0.05, without taking into account the effects of multiple testing. Statistical analyses were performed using IBM SPSS version 28.0 and 29.0 (SPSS Inc., Chicago, IL, USA).





3. Results


3.1. Patients


The characteristics of the 65 brushite stone formers, 19 (29%) women and 46 (71%) men, at baseline are depicted in Table 1. The mean age of patients was 41.9 ± 13.0 years (range: 20 to 76 years), and the mean body mass index (BMI) was 26.3 ± 4.3 kg/m2. The mean brushite content of the most recent stone was 82.4% ± 20.1% and ranged from 20% to 100%. Pure brushite stones were found in 25 (38.5%) patients, while 40 (61.5%) patients had mixtures of brushite with other constituents. Among all brushite-containing stones, 23 (35.4%) were mixed with calcium oxalate, ranging from 5% to 60%, and 9 (13.8%) were mixed with carbonate apatite, ranging from 10% to 80%. In the 8 (12.3%) brushite-containing stones mixed with calcium oxalate and carbonate apatite, brushite was present between 40% and 70%, calcium oxalate between 10% and 40%, and carbonate apatite between 10% and 30%.



The mean age of patients at the time of the first stone event was 29.9 ± 11.9 years and ranged from 4 to 66 years. In 67.7% of the patients, the stones formed bilaterally, in 32.3% unilaterally. All but one of the patients had undergone surgical intervention for nephrolithiasis. Ureteroscopy was performed at least once in 85.9% of patients, and 82.8% of patients had undergone at least one extracorporeal shock wave lithotripsy (ESWL). In 75.0% of the patients, urinary calculi had passed spontaneously. A positive family history of stone disease was recorded in 50% of patients, with a first-degree relative affected in 70%. Of 64 patients, 12 patients (18.8%) had anatomical abnormalities with kidney cysts (4 patients) and stenosis (4 patients; 2 ureteropelvic junction obstruction/subpelvic stenosis, 1 calyceal infundibular stenosis, and 1 distal urethral stenosis) being the most common, followed by medullary sponge kidney (3 patients). Distal renal tubular acidosis (dRTA) was noted in 50% of the patients. Two patients had the complete form, while the remaining patients had incomplete dRTA.




3.2. Urine Composition


The urine composition of the brushite stone formers under their habitual, self-selected diet and the balanced, standardized diet is presented in Table 2. Under the balanced mixed diet, the ion-activity product of brushite and calcium oxalate declined by 26% each. Moreover, the supersaturation of brushite, apatite, and calcium oxalate under the balanced, standardized diet was significantly lower than under the habitual, free-choice diet of the brushite stone formers. The relative supersaturation of apatite declined by 59% under the balanced mixed diet. Urinary excretion of sodium, potassium, calcium, chloride, phosphate, sulfate, uric acid, oxalate, and urine density declined significantly under the balanced, standardized diet. No significant change was observed in any other urine parameters.



Hypercalciuria was the most common abnormality in 24 h urine under the usual diet, affecting 85% of all brushite stone patients (Table 3). Under the habitual, free-choice diet, urinary calcium excretion between 5.0 and 7.9 mmol/24 h occurred in 37% of patients and ≥8.0 mmol/24 h in 48% of patients. Although the number of patients with urinary calcium excretion ≥8.0 mmol/24 h declined significantly under the balanced mixed diet, urinary calcium excretion remained ≥5 mmol/24 h in 80% of patients. Urinary phosphate excretion ≥35 mmol/24 h was diagnosed in 43% of brushite stone formers on their habitual, self-selected diet, but only in 11% of patients during the intake of the balanced mixed diet. While 17% of brushite stone patients had hyperoxaluria under the usual diet, only one patient presented hyperoxaluria under the balanced, standardized diet. The number of brushite stone patients with hypocitraturia, elevated urinary pH, and low urine volume was similar in both study phases.




3.3. [13C2]Oxalate Absorption Test


Intestinal hyperabsorption of oxalate, defined as [13C2]oxalate absorption ≥10%, was diagnosed in 41% of the patients (Table 1). Hyperabsorption of oxalate was similarly common in men (n = 10/25; 40.0%) and women (n = 4/9; 44.4%) (p = 1.000). Intestinal oxalate absorption correlated significantly positively with urinary oxalate excretion on the balanced mixed diet (R = 0.472; p = 0.005) but not on the habitual, free-choice diet (R = 0.075; p = 0.674).




3.4. Ammonium Chloride Loading Test


Of the 62 patients who underwent the ammonium chloride loading test, 50% were diagnosed with dRTA (Table 1), with women being affected significantly more frequently than men (women: n = 13/18, 72.2%; men: n = 18/44; 40.9%; p = 0.049). Out of 13 women, 2 had complete dRTA. Urinary pH was significantly higher in patients with dRTA than in patients without dRTA, both under the habitual diet and under the balanced diet (Table 4). Under both diets, urinary excretion of calcium, phosphate, and citrate was significantly lower in patients with dRTA than in patients without dRTA. No statistically significant difference was detected between stone formers with and without dRTA in the relative supersaturation of brushite and the ion-activity product of brushite, both under the habitual diet and under the balanced mixed diet. The relative supersaturation of struvite was significantly higher in patients with dRTA than in patients without dRTA on both diets. Urinary density, chloride and creatinine excretion, the ion-activity product of uric acid, and the relative supersaturation of uric acid were significantly lower in patients with dRTA, while the ion-activity product of struvite was significantly higher in patients with dRTA, but only under one of the two diets. No difference was found in the other urinary parameters.




3.5. Calcium Loading Test


Of the 55 brushite stone patients with a urinary calcium excretion ≥5 mmol/24 h under the usual diet, calcium loading test results were available in 53 patients (Table 5). Absorptive hypercalciuria was present in 32.1% and renal hypercalciuria in 28.3%, while idiopathic hypercalciuria was noted in 39.6% of brushite stone formers. Urinary calcium excretion was highest in patients with renal hypercalciuria, moderate in absorptive hypercalciuria, and lowest in idiopathic hypercalciuria under the balanced diet, while no significant difference was observed under the habitual diet. In addition, urinary calcium excretion was significantly lower under the balanced diet than under the habitual, free-choice diet for any type of hypercalciuria.




3.6. Diet Composition


The diet composition of the habitual, free-choice diet and the balanced, standardized diet is given in Table 6. The mean daily intakes of carbohydrates, fiber, potassium, calcium, phosphate, and oxalate were significantly higher, while the mean daily intakes of protein, sodium, cystine, methionine, and cholesterol were significantly lower with the balanced mixed, standardized diet. The consumption of alcohol was not permitted during the balanced, controlled and standardized diet.





4. Discussion


Brushite calculi are highly recurrent, particularly dense and hard, and resistant to ESWL [1,3,5,26,27]. The present study confirmed significant stone activity in brushite stone patients and associated numerous interventions. In the 12 months prior to admission, patients had passed an average of nine urinary stones. The mean duration of urinary stone disease at the time of enrollment was 12 years. All but one of the patients have had some form of surgical treatment during their lifetime. The majority of patients, i.e., 68%, had formed bilateral stones, which is twice the previously reported frequency of 34% [7].



All brushite stone patients presented with at least one urinary abnormality on the usual diet. The most common abnormality in the 24 h urine of brushite stone formers in the present cohort was hypercalciuria. Hypercalciuria, defined as urinary calcium excretion ≥5 mmol/24 h, was diagnosed in 85% of patients on their habitual, self-selected diet. Although urinary calcium excretion decreased significantly under the balanced diet, hypercalciuria was still present in 80% of patients. These results confirmed previous findings that hypercalciuria is the predominant abnormality in 24 h urine in brushite stone formers [7,10,11]. Various etiologic factors may be associated with hypercalciuria, including dietary factors, dRTA, primary hyperparathyroidism, enhanced intestinal absorption, and decreased renal tubular reabsorption of calcium (“renal leak”) [28,29]. In the present study, dRTA was identified in 50% of the patients, which is consistent with previous findings in 39 brushite stone formers [30]. Because urinary calcium excretion in patients with dRTA was significantly lower than in patients without dRTA on both the usual, free-choice diet and the balanced, standardized diet, it is assumed that dRTA was not responsible for the hypercalciuria in our cohort of brushite stone patients.



Absorptive hypercalciuria has been commonly encountered in brushite stone disease [30,31]. To our knowledge, this study is the largest series of brushite stone patients, distinguishing between different types of hypercalciuria. Idiopathic hypercalciuria was diagnosed in 39.6%, absorptive hypercalciuria in 32.1%, and renal hypercalciuria in 28.3% of patients. Urinary calcium excretion differed significantly between the different types of hypercalciuria under the balanced, standardized diet and was lowest in idiopathic hypercalciuria, moderate in absorptive hypercalciuria, and highest in renal hypercalciuria. Since urinary calcium excretion in all types of hypercalciuria was significantly lower under the balanced mixed diet than under the habitual, free-choice diet, it is assumed that diet exerts a substantial effect on urinary calcium excretion.



Several dietary factors have been reported to influence urinary calcium excretion, especially high intakes of protein, sodium chloride, and calcium [16,32,33]. Because the calcium content of the balanced mixed diet was significantly higher than that of the habitual diet, it is hypothesized that the significant decrease in urinary calcium excretion was due to the significantly lower intake of protein and sodium chloride with the balanced mixed, standardized diet. It is noteworthy that the mean calcium intake of brushite stone patients with the usual diet was only 837 mg/day, which was markedly lower than the dietary recommendation of 1000–1200 mg calcium per day. In contrast, sodium intake with the usual, free-choice diet was almost 75% higher than with the balanced mixed, standardized diet. The present results suggest that intestinal hyperabsorption and reduced renal tubular reabsorption (“renal leak”) of calcium have a considerable impact on urinary calcium excretion, but that dietary factors, especially protein, sodium chloride, and calcium, can also significantly modify urinary calcium excretion.



Interestingly, urinary phosphate excretion decreased significantly under the balanced mixed diet, although the phosphate content was significantly higher than that of the usual diet. Furthermore, the frequency of hyperphosphaturia declined significantly from 43% under the habitual diet to 11% under the balanced mixed diet, although phosphate intake was higher with the balanced, standardized diet than with the habitual, free-choice diet. The present results suggest that hyperphosphaturia was mainly determined by dietary factors, particularly increased bioavailability of dietary phosphate due to lower calcium intake [34]. Since urinary phosphate excretion was significantly lower in patients with dRTA than in patients without dRTA under both diets, it is assumed that dRTA did not contribute to hyperphosphaturia in our patient cohort.



A major risk factor for brushite stone formation is urine pH. Brushite crystallizes at a urine pH in the range of 6.5–6.8 and can convert to carbonate apatite at pH 6.9 and above [1,35]. In this study, mean urine pH did not change under the balanced mixed diet and remained above 6.5. From these results, it can be concluded that the urine pH of patients with brushite nephrolithiasis is not changed by diet. Urine pH was significantly higher in brushite stone formers with dRTA than in patients without dRTA, both under the habitual, self-selected diet and the balanced, standardized diet. Despite a significantly higher urine pH in patients with dRTA than in patients without dRTA, the relative supersaturation of brushite and the ion-activity product of brushite were similar in patients with dRTA and without dRTA under both diets, which can be attributed to the significantly lower urinary calcium and phosphate excretion. The findings suggest that the presence of dRTA does not necessarily indicate a higher risk of brushite stone formation. Further research on the impact of dRTA on urinary risk factors for brushite stone formation is needed.



Diminished urinary citrate excretion is another common metabolic abnormality observed in patients with brushite stones. In the present study, urinary citrate excretion differed between the habitual, self-selected diet and the balanced, standardized diet. Hypocitraturia, defined as urinary citrate excretion below 1.7 mmol/24 h, was present in 32% of patients under the habitual diet and in 39% of patients under the balanced mixed diet. The present results confirm previous findings in 45 brushite stone formers, 46.8% of whom had urinary citrate excretion of less than 320 mg/24 h [7]. Remarkably, urinary citrate excretion was significantly lower in patients with dRTA under both diets than in patients without dRTA. In the absence of dietary factors, it is hypothesized that the reduced urinary citrate excretion observed in this study is due to acid retention causing intracellular acidosis in proximal tubule cells, which promotes renal tubule citrate reabsorption [36,37].



In this study, urinary oxalate excretion declined significantly under the balanced mixed diet, despite significantly higher dietary oxalate intake. It is suggested that the higher calcium content of the balanced diet resulted in the formation of insoluble complexes with oxalate in the intestine, reducing absorption and urinary excretion of oxalate [38]. While 17% of brushite stone patients had hyperoxaluria under the habitual, free-choice diet, only one patient presented hyperoxaluria under the balanced mixed diet. Furthermore, intestinal oxalate absorption correlated significantly positively with urinary oxalate excretion under the balanced mixed diet. Although increased urinary oxalate excretion is not considered a risk factor for brushite stone formation, it could promote the formation of mixed calculi with calcium oxalate [11].



Remarkably, the majority of patients in our cohort, i.e., 62%, had mixtures of brushite with other constituents in the stone analysis, with calcium oxalate being the most common secondary stone constituent among patients in the current series. Of all brushite-containing calculi, 35% were mixed with calcium oxalate, 14% with carbonate apatite, and 12% with calcium oxalate and carbonate apatite. These results are consistent with previous findings that brushite is often mixed with another stone component [4,7]. Although brushite stone disease differs greatly from idiopathic calcium oxalate stone disease, many brushite stone patients have been found to have initially formed calcium oxalate calculi [39,40,41]. It has been hypothesized that brushite and calcium oxalate stone patients share a common pathogenesis [39,40]. Studies suggested that with recurrent stone episodes, the conversion of calcium oxalate to brushite or carbonate apatite stone disease may occur over time [39,40]. It is presumed to be the result of external injury to the nephron, either by natural obstruction or by iatrogenic effects such as ESWL or alkalization therapy [40,42]. Further research on the relationship between brushite stones and ESWL is necessary.



Metabolic evaluation of brushite stone patients revealed a high risk of brushite and calcium oxalate stone formation on the habitual, self-selected diet. The ion-activity product of brushite declined significantly by 26% on the balanced mixed diet, mainly due to the significant decline in urinary calcium and phosphate excretion. In addition, the ion-activity product of calcium oxalate decreased significantly and to the same extent, which can be attributed to a significant decline in urinary calcium and oxalate excretion. The decline in the relative supersaturation of brushite and calcium oxalate confirmed these findings. Moreover, the relative supersaturation of apatite decreased significantly by 59%. Because a urinary volume of less than 2.0 L per 24 h was observed in 26% of patients under the habitual, free-choice diet and in 23% of patients under the balanced mixed diet, major attention should be paid to adequate urinary dilution. Nutritional counselling should ascertain that patients achieve a urine volume of at least 2.0 to 2.5 L per 24 h and compensate for exceptional fluid losses. In the context of nutritional counselling, self-monitoring of urine volume is an essential general recommendation for the efficient treatment of brushite nephrolithiasis. In this study, dietary intervention was shown to be effective and should be an integral part of the management of brushite stone disease.




5. Conclusions


Brushite stone disease is a malignant form of urolithiasis that not only warrants an aggressive treatment approach but also requires comprehensive metabolic evaluation for effective recurrence prevention. All brushite stone patients in this cohort had at least one metabolic abnormality on the usual diet, with hypercalciuria and urine pH above 6.5 being the most common. Urinary calcium excretion was lowest in idiopathic hypercalciuria, moderate in absorptive hypercalciuria, and highest in renal hypercalciuria, differing significantly between the different types of hypercalciuria under the balanced, standardized diet. Moreover, urinary calcium excretion in all types of hypercalciuria was significantly lower under the balanced mixed diet than under the habitual diet. The current study is, to our knowledge, the first study to investigate the impact of a dietary intervention under controlled, standardized conditions on the metabolic risk profile of brushite stone formers. The findings of this study suggest that brushite stone patients benefit from a balanced mixed diet. The relative supersaturation of brushite, calcium oxalate, and apatite declined significantly under the balanced mixed diet compared to the usual diet, mainly due to the significant reduction in urinary calcium, phosphate, and oxalate excretion. Further research on the role of primary hyperparathyroidism and dRTA in brushite stone formation is necessary.







Author Contributions


Conceptualization, R.S. and A.H.; validation, R.S. and M.S.P.; methodology, R.S. and A.H.; investigation, R.S. and M.S.P.; data curation, R.S. and M.S.P.; formal analysis, M.S.P. and J.S.; supervision, R.S.; writing—original draft preparation, R.S.; writing—review and editing, R.S., M.S.P., J.S. and A.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the Medical Faculty of the University of Bonn (430/19).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available upon reasonable personal request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hesse, A.; Heimbach, D. Causes of Phosphate Stone Formation and the Importance of Metaphylaxis by Urinary Acidification: A Review. World J. Urol. 1999, 17, 308–315. [Google Scholar] [CrossRef]

	



Siener, R.; Herwig, H.; Rüdy, J.; Schaefer, R.M.; Lossin, P.; Hesse, A. Urinary Stone Composition in Germany: Results from 45,783 Stone Analyses. World J. Urol. 2022, 40, 1813–1820. [Google Scholar] [CrossRef] [PubMed]

	



Daudon, M.; Jungers, P.; Bazin, D.; Williams, J.C. Recurrence Rates of Urinary Calculi According to Stone Composition and Morphology. Urolithiasis 2018, 46, 459–470. [Google Scholar] [CrossRef] [PubMed]

	



Williams, J.C.; Hameed, T.; Jackson, M.E.; Aftab, S.; Gambaro, A.; Pishchalnikov, Y.A.; Lingeman, J.E.; McAteer, J.A. Fragility of Brushite Stones in Shock Wave Lithotripsy: Absence of Correlation with Computerized Tomography Visible Structure. J. Urol. 2012, 188, 996–1001. [Google Scholar] [CrossRef]

	



Klee, L.W.; Brito, C.G.; Lingeman, J.E. The Clinical Implications of Brushite Calculi. J. Urol. 1991, 145, 715–718. [Google Scholar] [CrossRef]

	



Parks, J.H.; Worcester, E.M.; Coe, F.L.; Evan, A.P.; Lingeman, J.E. Clinical Implications of Abundant Calcium Phosphate in Routinely Analyzed Kidney Stones. Kidney Int. 2004, 66, 777–785. [Google Scholar] [CrossRef]

	



Krambeck, A.E.; Handa, S.E.; Evan, A.P.; Lingeman, J.E. Profile of the Brushite Stone Former. J. Urol. 2010, 184, 1367–1371. [Google Scholar] [CrossRef]

	



Li, S.; Iremashvili, V.; Vernez, S.L.; Penniston, K.L.; Jhagroo, R.A.; Best, S.L.; Hedican, S.P.; Nakada, S.Y. Effect of Stone Composition on Surgical Stone Recurrence: Single Center Longitudinal Analysis. Can. J. Urol. 2021, 28, 10744–10749. [Google Scholar]

	



Bensalah, K.; Tuncel, A.; Gupta, A.; Raman, J.D.; Pearle, M.S.; Lotan, Y. Determinants of Quality of Life for Patients with Kidney Stones. J. Urol. 2008, 179, 2238–2243. [Google Scholar] [CrossRef] [PubMed]

	



Daudon, M.; Bouzidi, H.; Bazin, D. Composition and Morphology of Phosphate Stones and Their Relation with Etiology. Urol. Res. 2010, 38, 459–467. [Google Scholar] [CrossRef]

	



Siener, R.; Netzer, L.; Hesse, A. Determinants of Brushite Stone Formation: A Case-Control Study. PLoS ONE 2013, 8, e78996. [Google Scholar] [CrossRef] [PubMed]

	



Parks, J.; Coe, F.; Favus, M. Hyperparathyroidism in Nephrolithiasis. Arch. Intern. Med. 1980, 140, 1479–1481. [Google Scholar] [CrossRef] [PubMed]

	



Skolarikos, A.; Jung, H.; Neisius, A.; Petřík, A.; Somani, B.; Tailly, T.; Gambaro, G.; Davis, N.F.; Geraghty, R.; Lombardo, R.; et al. EAU Guidelines on Urolithiasis; EAU Guidelines Office: Arnhem, The Netherlands, 2023; Available online: http://uroweb.org/guidelines/compilations-of-all-guidelines (accessed on 8 May 2023).

	



Hönow, R.; Hesse, A. Comparison of Extraction Methods for the Determination of Soluble and Total Oxalate in Foods by HPLC-Enzyme-Reactor. Food Chem. 2002, 78, 511–521. [Google Scholar] [CrossRef]

	



Siener, R.; Hönow, R.; Seidler, A.; Voss, S.; Hesse, A. Oxalate Contents of Species of the Polygonaceae, Amaranthaceae and Chenopodiaceae Families. Food Chem. 2006, 98, 220–224. [Google Scholar] [CrossRef]

	



Siener, R. Nutrition and Kidney Stone Disease. Nutrients 2021, 13, 1917. [Google Scholar] [CrossRef]

	



Siener, R.; Löhr, P.; Hesse, A. Urinary Risk Profile, Impact of Diet, and Risk of Calcium Oxalate Urolithiasis in Idiopathic Uric Acid Stone Disease. Nutrients 2023, 15, 572. [Google Scholar] [CrossRef] [PubMed]

	



Hesse, A.; Tiselius, H.G.; Siener, R.; Hoppe, B. Urinary Stones: Diagnosis, Treatment and Prevention of Recurrence, 3rd ed.; Karger: Basel, Switzerland, 2009; ISBN 978-3-8055-9149-2. [Google Scholar]

	



Siener, R.; Hoppe, B.; Löhr, P.; Müller, S.C.; Latz, S. Metabolic Profile and Impact of Diet in Patients with Primary Hyperoxaluria. Int. Urol. Nephrol. 2018, 50, 1583–1589. [Google Scholar] [CrossRef]

	



von Unruh, G.E.; Voss, S.; Sauerbruch, T.; Hesse, A. Reference Range for Gastrointestinal Oxalate Absorption Measured with a Standardized [13C2]Oxalate Absorption Test. J. Urol. 2003, 169, 687–690. [Google Scholar] [CrossRef]

	



Voss, S.; Hesse, A.; Zimmermann, D.J.; Sauerbruch, T.; von Unruh, G.E. Intestinal Oxalate Absorption Is Higher in Idiopathic Calcium Oxalate Stone Formers than in Healthy Controls: Measurements with the [13C2]Oxalate Absorption Test. J. Urol. 2006, 175, 1711–1715. [Google Scholar] [CrossRef]

	



Tiselius, H.G. A Simplified Estimate of the Ion-Activity Product of Calcium Phosphate in Urine. Eur. Urol. 1984, 10, 191–195. [Google Scholar] [CrossRef]

	



Tiselius, H.G. Medical Evaluation of Nephrolithiasis. Endocrinol. Metab. Clin. N. Am. 2002, 31, 1031–1050. [Google Scholar] [CrossRef]

	



Werness, P.G.; Brown, C.M.; Smith, L.H.; Finlayson, B. EQUIL2: A BASIC Computer Program for the Calculation of Urinary Saturation. J. Urol. 1985, 134, 1242–1244. [Google Scholar] [CrossRef]

	



Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F.; Feldman, H.I.; Kusek, J.W.; Eggers, P.; Van Lente, F.; Greene, T.; et al. A New Equation to Estimate Glomerular Filtration Rate. Ann. Intern. Med. 2009, 150, 604–612. [Google Scholar] [CrossRef] [PubMed]

	



Dretler, S.P. Stone Fragility—A New Therapeutic Distinction. J. Urol. 1988, 139, 1124–1127. [Google Scholar] [CrossRef]

	



Zhong, P.; Preminger, G.M. Mechanisms of Differing Stone Fragility in Extracorporeal Shockwave Lithotripsy. J. Endourol. 1994, 8, 263–268. [Google Scholar] [CrossRef] [PubMed]

	



Zerwekh, J.E.; Reed-Gitomer, B.Y.; Pak, C.Y.C. Pathogenesis of Hypercalciuric Nephrolithiasis. Endocrinol. Metab. Clin. N. Am. 2002, 31, 869–884. [Google Scholar] [CrossRef] [PubMed]

	



Worcester, E.M.; Coe, F.L. New Insights into the Pathogenesis of Idiopathic Hypercalciuria. Semin. Nephrol. 2008, 28, 120–132. [Google Scholar] [CrossRef]

	



Pak, C.Y.C.; Poindexter, J.R.; Adams-Huet, B.; Pearle, M.S. Predictive Value of Kidney Stone Composition in the Detection of Metabolic Abnormalities. Am. J. Med. 2003, 115, 26–32. [Google Scholar] [CrossRef]

	



Pak, C.Y.C.; Poindexter, J.R.; Peterson, R.D.; Heller, H.J. Biochemical and Physicochemical Presentations of Patients with Brushite Stones. J. Urol. 2004, 171, 1046–1049. [Google Scholar] [CrossRef]

	



Muldowney, F.P.; Freaney, R.; Moloney, M.F. Importance of Dietary Sodium in the Hypercalciuria Syndrome. Kidney Int. 1982, 22, 292–296. [Google Scholar] [CrossRef]

	



Giannini, S.; Nobile, M.; Sartori, L.; Dalle Carbonare, L.; Ciuffreda, M.; Corrò, P.; D’Angelo, A.; Calò, L.; Crepaldi, G. Acute Effects of Moderate Dietary Protein Restriction in Patients with Idiopathic Hypercalciuria and Calcium Nephrolithiasis. Am. J. Clin. Nutr. 1999, 69, 267–271. [Google Scholar] [CrossRef] [PubMed]

	



Peacock, M. Phosphate Metabolism in Health and Disease. Calcif. Tissue Int. 2021, 108, 3–15. [Google Scholar] [CrossRef]

	



Pak, C.Y.C. Physicochemical Basis for Formation of Renal Stones of Calcium Phosphate Origin: Calculation of the Degree of Saturation of Urine with Respect to Brushite. J. Clin. Invest. 1969, 48, 1914–1922. [Google Scholar] [CrossRef] [PubMed]

	



Simpson, D.P. Citrate Excretion: A Window on Renal Metabolism. Am. J. Physiol. 1983, 244, F223–F234. [Google Scholar] [CrossRef]

	



Brennan, S.; Hering-Smith, K.; Hamm, L.L. Effect of pH on Citrate Reabsorption in the Proximal Convoluted Tubule. Am. J. Physiol. 1988, 255, F301–F306. [Google Scholar] [CrossRef] [PubMed]

	



Von Unruh, G.E.; Voss, S.; Sauerbruch, T.; Hesse, A. Dependence of Oxalate Absorption on the Daily Calcium Intake. J. Am. Soc. Nephrol. 2004, 15, 1567–1573. [Google Scholar] [CrossRef]

	



Evan, A.P.; Lingeman, J.E.; Coe, F.L.; Shao, Y.; Parks, J.H.; Bledsoe, S.B.; Phillips, C.L.; Bonsib, S.; Worcester, E.M.; Sommer, A.J.; et al. Crystal-Associated Nephropathy in Patients with Brushite Nephrolithiasis. Kidney Int. 2005, 67, 576–591. [Google Scholar] [CrossRef] [PubMed]

	



Krambeck, A.E.; Handa, S.E.; Evan, A.P.; Lingeman, J.E. Brushite Stone Disease as a Consequence of Lithotripsy? Urol. Res. 2010, 38, 293–299. [Google Scholar] [CrossRef]

	



Evan, A.P.; Lingeman, J.E.; Worcester, E.M.; Sommer, A.J.; Phillips, C.L.; Williams, J.C.; Coe, F.L. Contrasting Histopathology and Crystal Deposits in Kidneys of Idiopathic Stone Formers Who Produce Hydroxy Apatite, Brushite, or Calcium Oxalate Stones. Anat. Rec. 2014, 297, 731–748. [Google Scholar] [CrossRef]

	



Gambaro, G.; Croppi, E.; Coe, F.; Lingeman, J.; Moe, O.; Worcester, E.; Buchholz, N.; Bushinsky, D.; Curhan, G.C.; Ferraro, P.M.; et al. Metabolic Diagnosis and Medical Prevention of Calcium Nephrolithiasis and Its Systemic Manifestations: A Consensus Statement. J. Nephrol. 2016, 29, 715–734. [Google Scholar] [CrossRef]








 





Table 1. Characteristics of brushite stone patients.






Table 1. Characteristics of brushite stone patients.









	
	Mean ± SD

n (%)





	Number of patients
	65



	Gender (men/women)
	46/19



	Age (years)
	41.9 ± 13.0



	BMI (kg/m2) a
	26.3 ± 4.3



	  BMI < 18.5 kg/m2 a
	2/64 (3.1)



	  BMI 18.5–24.9 kg/m2 a
	27/64 (42.2)



	  BMI 25.0–29.9 kg/m2 a
	24/64 (37.5)



	  BMI > 30.0 kg/m2 a
	11/64 (17.2)



	Type 2 diabetes a
	2/64 (3.1)



	Hypertension a
	14/64 (21.9%)



	[13C2]Oxalate absorption (%) b
	9.8 ± 6.5



	  [13C2]Oxalate absorption < 10% b
	20/34 (58.8)



	  [13C2]Oxalate absorption ≥ 10% b
	14/34 (41.2)



	Hypercalciuria
	55/65 (84.6)



	  Idiopathic hypercalciuria c
	21/53 (39.6)



	  Absorptive hypercalciuria c
	17/53 (32.1)



	  Renal hypercalciuria c
	15/53 (28.3)



	Distal renal tubular acidosis (dRTA) d
	31/62 (50.0)



	  Complete dRTA d
	2/62 (3.2)



	  Incomplete dRTA d
	29/62 (46.8)



	Glomerular filtration rate (mL/min/1.73 m2) a
	91.5 ± 19.5



	Family history of urolithiasis e
	29/58 (50.0)



	Age at first stone (years) a
	29.9 ± 11.9



	Duration of stone disease (years) a
	11.8 ± 9.6



	Stone passages in the last 12 months f
	9 ± 15



	Stone passages total g
	38 ± 81



	Type of stone removal a
	



	  Spontaneous passage (patients) a
	48/64 (75.0)



	  Ureteroscopy (patients) a
	55/64 (85.9)



	  Extracorporeal shock wave lithotripsy (patients) a
	53/64 (82.8)



	  Percutaneous nephrolithotomy (patients) a
	28/64 (45.3)



	  Open surgery (patients) a
	15/64 (23.4)



	Laterality h
	



	  Bilateral
	42/62 (67.7)



	  Right
	9/62 (14.5)



	  Left
	11/62 (17.7)



	Anatomical abnormalities a
	12/64 (18.8)



	  Kidney cysts a
	4/64 (6.3)



	  Stenosis a
	4/64 (6.3)



	  Ureteral duplication a
	1/64 (1.6)



	  Medullary sponge kidney a
	3/64 (4.7)







Abbreviations: BMI, body mass index; dRTA, distal renal tubular acidosis; SD, standard deviation; a n = 64 (19 women, 45 men); b n = 34 (9 women, 25 men); c n = 53/55 (14 women, 39 men); d n = 62 (18 women, 44 men); e n = 58 (19 women, 39 men); f n = 61 (18 women, 43 men); g n = 55 (16 women, 39 men); h n = 62 (19 women, 43 men).













 





Table 2. Urinary parameters under the habitual diet and the balanced diet.
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	Habitual Diet

n = 65

Mean ± SD
	Balanced Diet

n = 65

Mean ± SD
	p Value





	Volume (L/24 h)
	2.494 ± 0.795
	2.400 ± 0.526
	0.388



	Density (g/cm3)
	1.009 ± 0.004
	1.006 ± 0.003
	<0.001



	Urinary pH
	6.57 ± 0.30
	6.54 ± 0.31
	0.410



	Sodium (mmol/24 h)
	179 ± 65
	102 ± 33
	<0.001



	Potassium (mmol/24 h)
	65 ± 21
	55 ± 16
	<0.001



	Calcium (mmol/24 h)
	8.20 ± 3.09
	7.12 ± 2.73
	<0.001



	Magnesium (mmol/24 h)
	5.17 ± 1.87
	4.90 ± 1.42
	0.188



	Ammonium (mmol/24 h) a
	27.8 ± 10.6
	28.4 ± 9.8
	0.753



	Chloride (mmol/24 h)
	183 ± 73
	109 ± 32
	<0.001



	Phosphate (mmol/24 h)
	32.7 ± 9.0
	27.2 ± 6.5
	<0.001



	Sulfate (mmol/24 h)
	21.8 ± 6.6
	17.7 ± 3.7
	<0.001



	Creatinine (mmol/24 h)
	15.05 ± 4.14
	14.55 ± 3.84
	0.060



	Uric acid (mmol/24 h)
	3.88 ± 1.10
	3.32 ± 0.76
	<0.001



	Oxalate (mmol/24 h)
	0.383 ± 0.120
	0.303 ± 0.077
	<0.001



	Citrate (mmol/24 h)
	2.257 ± 1.430
	2.092 ± 1.212
	0.612



	AP Uric acid (×109)
	0.33 ± 0.39
	0.30 ± 0.35
	0.933



	AP Calcium oxalate index
	1.29 ± 0.58
	0.96 ± 0.52
	<0.001



	AP Struvite index a
	11.73 ± 13.88
	8.53 ± 7.29
	0.083



	AP Brushite index
	8.51 ± 4.94
	6.33 ± 3.39
	0.001



	RS Uric acid
	0.50 ± 0.58
	0.47 ± 0.52
	0.965



	RS Calcium oxalate
	5.81 ± 2.58
	5.01 ± 2.61
	0.006



	RS Struvite a
	0.17 ± 0.18
	0.14 ± 0.13
	0.516



	RS Apatite (×10−28)
	1.51 ± 3.37
	0.62 ± 1.57
	0.005



	RS Brushite
	2.01 ± 0.82
	1.68 ± 0.70
	0.002







Abbreviations: AP, ion-activity product; RS, relative supersaturation; SD, standard deviation; a n = 63 (17 women, 46 men).













 





Table 3. Urinary abnormalities under the habitual diet and the balanced diet.






Table 3. Urinary abnormalities under the habitual diet and the balanced diet.





	

	
Reference Range

	
Habitual Diet

n = 65

n (%)

	
Balanced Diet

n = 65

n (%)

	
p Value






	
Volume (L/24 h)

	
<2.000

	
17 (26.2)

	
15 (23.1)

	
0.832




	
≥2.000

	
48 (73.8)

	
50 (76.9)

	
0.832




	
Urinary pH

	
<6.50

	
25 (38.5)

	
23 (35.4)

	
0.824




	
6.50–6.79

	
27 (41.5)

	
31 (47.7)

	
0.523




	
≥6.80

	
13 (20.0)

	
11 (16.9)

	
0.774




	
Phosphate (mmol/24 h)

	
<35.0

	
37 (56.9)

	
58 (89.2)

	
<0.001




	
≥35.0

	
28 (43.1)

	
7 (10.8)

	
<0.001




	
Calcium (mmol/24 h)

	
<5.0

	
10 (15.4)

	
13 (20.0)

	
0.508




	
5.0–7.9

	
24 (36.9)

	
32 (49.2)

	
0.185




	
≥8.0

	
31 (47.7)

	
20 (30.8)

	
0.019




	
Oxalate (mmol/24 h)

	
<0.500

	
54 (83.1)

	
64 (98.5)

	
0.002




	
≥0.500

	
11 (16.9)

	
1 (1.5)

	
0.002




	
Citrate (mmol/24 h)

	
<1.700

	
21 (32.3)

	
25 (38.5)

	
0.344




	
≥1.700

	
44 (67.7)

	
40 (61.5)

	
0.344











 





Table 4. Urinary parameters in brushite stone patients with or without dRTA under the habitual diet and the balanced diet.






Table 4. Urinary parameters in brushite stone patients with or without dRTA under the habitual diet and the balanced diet.





	

	

	
Habitual Diet

	

	

	
Balanced Diet

	




	

	
dRTA

n = 31

Mean ± SD

	
Non-dRTA

n = 31

Mean ± SD

	
p Value

	
dRTA

n = 31

Mean ± SD

	
Non-dRTA

n = 31

Mean ± SD

	
p Value






	
Volume (L/24 h)

	
2.522 ± 0.716

	
2.545 ± 0.834

	
0.930

	
2.418 ± 0.519

	
2.407 ± 0.553

	
0.637




	
Density (g/cm3)

	
1.008 ± 0.003

	
1.010 ± 0.004

	
0.052

	
1.005 ± 0.003

	
1.006 ± 0.003

	
0.042




	
Urinary pH

	
6.70 ± 0.23

	
6.49 ± 0.31

	
0.011

	
6.65 ± 0.24

	
6.44 ± 0.34

	
0.024




	
Calcium (mmol/24 h)

	
7.06 ± 2.73

	
9.36 ± 3.00

	
0.002

	
6.15 ± 2.00

	
8.03 ± 2.48

	
0.001




	
Chloride (mmol/24 h)

	
175 ± 70

	
197 ± 73

	
0.173

	
104 ± 29

	
120 ± 30

	
0.034




	
Phosphate (mmol/24 h)

	
30.3 ± 8.5

	
35.1 ± 8.9

	
0.038

	
25.5 ± 4.6

	
29.1 ± 7.8

	
0.012




	
Creatinine (mmol/24 h)

	
13.96 ± 4.03

	
16.40 ± 3.71

	
0.011

	
13.74 ± 3.38

	
15.65 ± 3.83

	
0.059




	
Citrate (mmol/24 h)

	
1.796 ± 1.177

	
2.798 ± 1.478

	
0.006

	
1.488 ± 1.069

	
2.653 ± 0.968

	
<0.001




	
AP Uric acid (×109)

	
0.19 ± 0.10

	
0.41 ± 0.48

	
0.042

	
0.21 ± 0.18

	
0.38 ± 0.46

	
0.069




	
AP Struvite index a

	
16.35 ± 18.31

	
8.24 ± 6.68

	
0.042

	
10.70 ± 8.59

	
6.95 ± 5.60

	
0.073




	
AP Brushite index

	
8.55 ± 4.60

	
7.85 ± 4.32

	
0.529

	
7.19 ± 4.11

	
5.42 ± 2.10

	
0.100




	
RS Uric acid

	
0.30 ± 0.16

	
0.62 ± 0.71

	
0.042

	
0.34 ± 0.28

	
0.60 ± 0.67

	
0.078




	
RS Struvite a

	
0.23 ± 0.23

	
0.12 ± 0.10

	
0.024

	
0.19 ± 0.15

	
0.11 ± 0.09

	
0.016




	
RS Brushite

	
1.85 ± 0.81

	
2.15 ± 0.85

	
0.157

	
1.68 ± 0.72

	
1.68 ± 0.59

	
0.695








Abbreviations: AP, ion-activity product; RS, relative supersaturation; SD, standard deviation; a n = 60 (29 dRTA patients, 31 non-dRTA patients).













 





Table 5. Urinary calcium excretion according to the different types of hypercalciuria under the habitual diet and the balanced diet.
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	Idiopathic Hypercalciuria

n (%)
	Absorptive Hypercalciuria

n (%)
	Renal Hypercalciuria

n (%)
	p Value





	Number of patients
	21/53 (39.6)
	17/53 (32.1)
	15/53 (28.3)
	



	Gender (men/women)
	17/4 (81.0/19.0)
	13/4 (76.5/23.5)
	9/6 (60.0/40.0)
	0.353



	
	Calcium (mmol/24 h)

Mean ± SD
	Calcium (mmol/24 h)

Mean ± SD
	Calcium (mmol/24 h)

Mean ± SD
	p Value



	Habitual diet
	8.30 ± 2.24
	8.74 ± 2.58
	10.0 ± 2.40
	0.113



	Balanced diet
	6.79 ± 1.86
	7.11 ± 1.48
	8.85 ± 2.68
	0.011



	p Value
	0.001
	0.003
	0.048
	










 





Table 6. Nutrient intake under the habitual diet and the balanced diet.






Table 6. Nutrient intake under the habitual diet and the balanced diet.











	
	Habitual Diet

n = 43

Mean ± SD
	Balanced Diet

n = 43

Mean
	p Value





	Energy (kcal/day)
	2256 ± 485
	2355
	0.347



	Carbohydrates (g/day)
	264 ± 71
	327
	<0.001



	Fat (g/day)
	84 ± 19
	81
	0.237



	Protein (g/day)
	84 ± 19
	71
	<0.001



	Methionine (mg/day)
	1644 ± 426
	1415
	0.002



	Cystine (mg/day)
	1052 ± 267
	835
	<0.001



	Purines (mg/day)
	420 ± 143
	449
	0.176



	Cholesterol (mg/day)
	330 ± 81
	195
	<0.001



	Fiber (g/day)
	20.6 ± 7.2
	31.0
	<0.001



	Sodium (mg/day) a
	4