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Abstract: Purpose: To evaluate the correlation between the pH readings in 24-h urine and the random fasting specimen in patients with urolithiasis using 2 methods. Methods: A total of 114 patients with urinary lithiasis using potassium citrate were prospectively analyzed. All patients collected 24-h urine and an additional sample, after nocturnal
fasting, collected on the day they brought the 24-h sample at the lab. Two different methods (test strip and digital
meter) were used to determine pH values. Results: The pH analysis using strips in the 24-h urine presented a mean
value similar to the one obtained in the fasting sample (6.07 ± 0.74 vs. 6.02 ± 0.82, respectively; P > 0.05). The
same behavior was seen considering the readings with a digital pH meter (5.8 ± 0.78 vs. 5.75 ± 0.83; P > 0.05).
However, readings conducted in the same specimen with pH meter and test strip were dissonant (P < 0.05), suggesting that the colorimetric method is not reliable in the assessment of urinary pH in this population. Conclusion:
pH assessment in a random urinary specimen proved as efficient as the 24-h urine standard method to monitor
patients with kidney stones in the use of potassium citrate. Classical test strip analysis is not sensitive enough to
evaluate the urine pH in this population and digital pH meter reading is preferred.
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Introduction
Urinary Tract Lithiasis (UTL) is a frequent disorder in daily clinical practice, and the third most
frequent disorder of the genitourinary system,
with a global incidence of around 2 to 3% [1].
In most patients with recurrent lithiasis, the
stones have a composition similar to the previous ones, suggesting that this process is also
regulated by factors present in the urine [2].
Under normal conditions, urinary solutes are
kept at balance by forces that tend towards
solubilization or precipitation; stone formation
would result from the predominance of the latter [3]. In the opinion of many authors, the
unbalance between the promoter and inhibitor
factors of crystallization would be affected by
the physicochemical proprieties of the urine,
such as pH, for instance [4].

Alterations in urinary pH represent an important isolated risk factor for nephrolithiasis
since they can modify the solubility coefficient
of the many urine components. Usually, patients who form struvite and calcium phosphate
(PCa) stones have a more basic pH. On the
other hand, in urine with acid pH, there is a
greater predisposition to the precipitation of
uric acid crystals [5]. Potassium citrate supplementation is one of the most utilized strategies
to increase the urine solubility coefficient, preventing UTL in many conditions. Urinary pH
monitoring is routinely performed to guide its
dose adjustment [1, 3].
Classically, the analysis of the composition and
the physicochemical properties of twenty-fourhour urine (24-hU) has been considered one of
the most important auxiliary tools in the investigation and treatment of factors involved in the
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etiology of UTL. However, collecting this type
of exam presents great practical difficulties,
especially in pediatric patients. In addition to
predisposing to errors, it is also cumbersome
for the patient, demanding a high level of commitment. According to Hong et al., the commitment of patients to 24-hU collection decreases
from 94% to 79% when more than one collection was required [6].
Recent studies suggest that urinary pH
obtained from an isolated sample of fasting
urine (fU) could be as reliable as the 24-hU in
the assessment of patients with UTL [7-9].
According to Grases et al., the isolated fasting
urine specimen would present a more reliable
baseline pH than the 24-h sample, since it
would be minimally affected by dietary factors
[10]. However, such an opinion is not shared by
other authors, who suggest that, while the
24-hU pH correlates to the fasting specimen in
a large population, there is significant variability between those two parameters when evaluated individually [5].
To shed some light on such controversies, this
study evaluated the relationship between the
urinary pH obtained from 24-hU as compared
to the random fasting urine specimen (fU), aiming at standardizing the ideal methodology to
monitor urinary pH in patients with UTL who
use potassium citrate.
Methods
Participants of the study
A total of 114 patients with kidney stones followed at the Metabolism in Nephrolithiasis
Ambulatory were prospectively evaluated. All
patients were older than 18 years, with a previously treated UTL confirmed by imaging, and in
use of potassium citrate. Patients in use of
antibiotics, with recurrent urinary tract infection (defined as three or more episodes/year)
or with abnormal kidney function (Clearance <
60 ml/min) were excluded. Current medications and doses, metabolic diagnosis, associated diseases, personal history, and age, were
also evaluated. Body Mass Index (BMI) was
calculated based on weight and height. All
patients signed the Informed Consent (IC).
This study was previously approved by the
Committee for Medical and Ethical Questions
of São Paulo State University, under the protocol number: 4348/2012.
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Urine collection
All participants collected 24-h urine (24-hU) followed by one random fasting specimen (fU),
collected at the moment they delivered the
24-h sample. The 24-hU collection began in the
morning, disposing of the first micturition and
collecting until the same time of the following
day, keeping it in the refrigerator at 4°C until
the moment of delivery. For standardization,
the fU specimen was collected two hours after
the end of the 24-h collection. To obtain more
accuracy in the readings of the specimens, two
different methods were employed to determine
urinary pH: clinical analyses by test strip and
digital pH meter reading.
Statistical analysis
Paired t-test was used for contrasts between
the different collecting types and the methodologies applied. Variables concerning age and
urinary volume utilized the T-test, with the variables expressed in averages and standard
deviation, using the SAS software. Pearson’s
and Spearman’s correlation tests were used to
analyze the level of correlation between the
24-h urine and the random specimen, in parametric and non-parametric variables, with the
SPSS software version 2.0.
The tools were compared by the Spearman correlation, rho coefficient (r2) -1 to +1 and classified as [11]: - “very weak”: .00-.19; - “weak”:
.20-.39; - “moderate”: .40-.59; - “strong”: .60.79; - “very strong”: .80-1.0.
The level of significance was 5% (P < 0.05).
Results
Population characteristics
The main data collected on the profile of the
population studied are summarized in Table 1.
Of the 114 subjects evaluated, 44 (39%) were
men and 70 (61%) women, with mean age
51.11 ± 12.93 years; 52.91 ± 12.77 years for
men and 49.96 ± 13 years for women (P =
0.24). The mean body mass index (BMI) was
28.71 ± 4.56 Kg/m2. When subdivided according to gender, women were slightly more obese
with 29.87 ± 5.14 Kg/m2, as compared to 27 ±
2.82 Kg/m2 for men (P < 0.0003). The total volAm J Clin Exp Urol 2022;10(3):188-193
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Table 1. Characteristics of the studied population
Variable
Age (years)
BMI (kg/m2)
Volume of diuresis (ml)

Men (44)
Women (70)
P
52.91 ± 12.77
49.96 ± 13
P = 0.2391
27 ± 2.82
29.87 ± 5.14
P < 0.0003
1,920 ± 681.49 1,773 ± 680.25 P = 0.2659

Values in averages and standard deviation.

Figure 1. Main metabolic diagnosis found in the patients followed at the Metabolism in Nephrolithiasis Ambulatory.

Table 2. Average pH in 24-h urine and random fasting specimen,
according to different assessment methods
Variable
pH

24-h urine
Random fasting specimen
Test strip
pH meter
Test strip
pH meter
6.07 ± 0.74 Aa 5.8 ± 0.78 Bb 6.02 ± 0.82 Aa 5.75 ± 0.83 Bb

Values are expressed as averages and standard deviations. Upper cases indicate
a statistically significant difference between the different collections; lower cases
indicate the differences between the different methodologies in the same type of
collection (P < 0.02).

ume of diuresis obtained from the 24-hour collection was similar between men and women,
with a total of 1,920 ± 681.49 mL and 1,773 ±
680.25 mL, respectively (P = 0.27).
The most frequent metabolic abnormalities
diagnosed in this population were hypercalciuria, present in 45 patients (39.5%), followed
by hyperuricosuria, diagnosed in 43 subjects
(37.5%). Hypocitraturia was the third most
prevalent diagnosis, with a total of 34 cases
(30%), followed by hypomagnesuria in 32
(28%) patients. Hypernatruria was diagnosed
in 5 cases (4.5%) and hyperoxaluria in 4 subjects (3.5%). It is important to emphasize that
some patients might have had more than one
metabolic diagnosis (Figure 1).
Correlation between the pH of 24-h urine (24hU) and random fasting specimen (fU)
The comparative analysis of the pH between
the 24-hU and fU specimens did not present a
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statistically significant difference when the same pH assessment method was considered (Table 2).
The traditional pH analysis in
the 24-h urine using the test
strip presented an average
pH of 6.07 ± 0.74, a value
that is very similar to the
6.02 ± 0.82 obtained from
the isolated specimen (P >
0.05). Likewise, considering
the reading from the digital
pH meter, the mean pH was
5.8 ± 0.78 and 5.75 ± 0.83,
for 24-hU and fU, respectively (P > 0.05).
A positive correlation between the values of urinary pH
(obtained from either the test
strip or the digital pH meter)
was observed for both collection forms (r2 = 0.267, P <
0.000; r2 = 0.366, P < 0.000,
respectively) (Figure 2).
Discussion

Urinary tract lithiasis (UTL) is
a highly prevalent disease all
over the world, affecting mainly young people.
A great amount of the socio-economic burden
caused by urolithiasis is consequent to the fact
that it affects people in their most productive
phase, between the third and fifth decades,
with ages ranging from 39.0 to 52.9 years [1].
We noted a predominance of UTL in females,
with 1.59 women for each man, the mean age
being 51.1 years. In line with our findings,
recent evidence has shown the rise in kidney
stone disease prevalence among females, and
continued research is warranted to determine
causation [12]. This trend also occurs in the
scenario of kidney stone needing intervention
(surgical or shockwave), which has recently
showed a female predominance [13, 14].
It is well known that urinary volume is an important factor in the etiopathogenesis of kidney
stones. For this reason, patients with UTL are
advised to increase fluid intake to obtain daily
urinary volumes of around two liters, in an
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Figure 2. Scatter plot of the pH values obtained from (A) test strip readings in 24 hours urine (24-h pH strip) and (B)
digital pH meter reading in the 24-hU pH meter, compared to the random specimen (fU pH) on strip and pH meter,
respectively.

attempt to decrease the risk of new stone formation [8, 9]. In our study we noted that only
7.01% of patients had less than 1,000 mL
diuresis in 24-h; the average volume for each
patient being around 1,675 mL per day. Although it may seem satisfactory, this volume is
still below the recommended, especially if we
consider these patients have known stone
formers under treatment.
Hypercalciuria is one of the main metabolic
diagnoses, having multifactorial etiology and
being responsible for more than 50% of the
adult cases of lithiasis and around 53 to 75%
in children [10]. In our study, increased urinary
calcium was the most frequently seen metabolic abnormality, present in 39.5% of patients, followed by hyperuricosuria, diagnosed
in 37.5% cases. This proportion was similar to
the results obtained by Del Valle and Miján
Ortiz, where hypercalciuria was also the predominant metabolic abnormality, followed by
hyperuricosuria [15, 16].
Hypocitraturia was the third most frequent
metabolic diagnosis (30%) found in our study,
different from the findings by other authors,
where it was the most often found diagnosis
[17]. In a study previously conducted by our
group with 182 stone-former patients, hypocitraturia was the second most prevalent metabolic abnormality, diagnosed in 37.3% of cases
[18].
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Primary hyperoxaluria is a relatively rare abnormality, found in approximately 1% of people
submitted to metabolic investigation [15]. In
our study, hyperoxaluria was diagnosed in only
4.5% of the cases, consequent to problems
with routine measurements of this metabolite
in our center. Hypomagnesuria was diagnosed
in 28% of the patients included in our study.
This prevalence was very similar to the one
seen in a previous study conducted by our
group, where this metabolic abnormality was
found in 21% of the cases [18].
Due to its important role in regulating the physicochemical properties of urine, the urinary pH
has been considered a key parameter in the
assessment of patients with nephrolithiasis [4,
19]. Abnormal urinary pH in itself is an important risk factor for the formation of UTL [5]. In
our study, double reading the urinary pH (using
the colorimetric method and digital pH meter)
had the intention of checking the accuracy of
the test strip reading; a well-known method in
our setting due to availability and low cost.
Our results confirmed the findings by Kwong et
al., who demonstrated that the analysis of urinary pH with pH meter and test strip were significantly different from one another, some of
the differences observed being clinically relevant [20]. This fact suggests that, although the
classical strip analysis may be used with relative safety in the routine determination of uriAm J Clin Exp Urol 2022;10(3):188-193
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nary pH, it is not sensitive enough for the
assessment of urinary pH in lithiasis patients
[19].
Even though the 24-hour urine is still considered the gold standard in the evaluation of UTL
patients, according to Sëric et al., the fasting
specimen might be used as a reliable parameter to evaluate the risk and recommend preventive measurements against the formation
of urinary stones [21]. In our study, we did not
find significant difference between the urinary
pH obtained from the 24-h urine (24-hU) from
the random fasting specimen (fU), regardless
of the analysis method used (digital pH meter:
5.8 ± 0.78 × 5.75 ± 0.83; P = 0.497; test strip:
6.07 ± 0.74 × 6.02 ± 0.82; P = 0.521, respectively). Additionally, a positive correlation was
found between the pH readings conducted in
the different modalities of urine collection as
depicted in Figure 2 (P < 0.0001). Once the
correlation was considered weak, the classic
strip test analysis cannot be recommended
over the pH meter before bigger sample studies can further explore the correlation power
observed between the different modalities of
urine collection. Therefore, while pH assessment in random fasting urine sample is an efficient method for monitoring urinary pH, the
classic strip test analysis is not as sensitive as
the pH meter.
Our results diverge from those found by Capolongo et al. who suggest that it is not adequate to base urinary pH on random specimen
instead of 24-h specimen due to significant
variation observed by the authors between the
two samples analyzed by them [5]. According
to the authors, diurnal variation of urinary pH
would be partially related to the excretion of
post-prandial bicarbonate by the gastric parietal cells to prevent cell alkalinization concurrent with acid secretion.
This hypothesis also suggests that urine would
be more alkaline in the morning than overnight,
this being related to the variation of respiratory
patterns during sleep, called “morning alkaline
tide” [22]. This was not observed in our patients, where fasting urine pH was consonant to
the 24-h urine pH, regardless of the method
used for pH reading. On the other hand, fomenting additional studies on the issue, the
significant correlations between both collection forms were rather weak (r2 = 0.267, P <
0.000; r2 = 0.366, P < 0.000, respectively).
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Fat is also a known calculi risk factor [23]. The
observed difference in BMI between men and
women might represent variations in our population and might not be clinically significant
once both men and women are clinically classified as overweight (BMI range 25-29.9), Table
1.
To warrant applicability of current study results
we chose to evaluate patients with kidney
stones under potassium citrate treatment,
which are used to routinely perform 24-hour
urine collection to guide dose adjustment.
Supporting improvements in clinical practice,
pH assessment in a random urinary specimen
proved as efficient as the 24-h urine standard
method.
Though prospective, the current study is limited to patients under potassium citrate treatment. Future studies should confirm our results in patients with no medication use. Also,
urolithiasis control should be confirmed in a
randomized study using urine pH in random
fasting versus standard 24-h urine specimen.
Conclusion
The pH assessment in random fasting urine
specimens proved to be as efficient as the
standard method in monitoring renal lithiasis
patients in the use of potassium citrate.
Nevertheless, though used with relative safety
in routine urinary pH monitoring, the classical
test strip analysis is not sensitive enough to
evaluate the urine pH in this population and
digital pH meter reading is preferred.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Leonardo O Reis,
UroScience, University of Campinas, Pontifical Catholic University of Campinas, Campinas, SP, Brazil.
Tel: 19-3343-8600; E-mail: reisleo.l@gmail.com

References
[1]
[2]

Tostes and Cardoso LR. Recentes avanços em
litíase urinária. J Bras Nefrol 2001; 23: 16673.
Murayama T, Sakai N, Yamada T and Takano T.
Role of the diurnal variation of urinary pH and
urinary calcium in urolithiasis: a study in outpatients. Int J Urol 2001; 8: 525-32.

Am J Clin Exp Urol 2022;10(3):188-193

Fasting and 24-h urinary pH in patients with urolithiasis
[3]
[4]
[5]

[6]

[7]
[8]

[9]

[10]
[11]

[12]

[13]

193

Coe FL, Parks JH and Asplin JR. The pathogenesis and treatment of kidney stones. N Engl J
Med 1992; 327: 1141-52.
Murayama T and Taguchi H. The role of the diurnal variation of urinary pH in determining
stone compositions. J Urol 1993; 150: 1437-9.
Capolongo G, Sakhaee K, Pak CY and Maalouf
NM. Fasting versus 24-h urine in the evaluation of nephrolithiasis. Urol Res 2011; 39:
367-72.
Hong YH, Dublin N, Razack AH, Mohd MA and
Husain R. Twenty-four-hour and spot urine
metabolic evaluations: correlations versus
agreements. Urology 2010; 75: 1294-8.
Grases F, Costa-Bauzá A, Gomila I, Ramis M,
García-Raja A and Prieto RM. Urinary pH and
renal lithiasis. Urol Res 2012; 40: 41-6.
Pak CY, Sakhaee K, Crowther C and Brinkley L.
Evidence justifying a high fluid intake in the
treatment of nephrolithiasis. Ann Intern Med
1980; 93: 36-9.
Borghi L, Meschi T, Amato F, Briganti A, Novarini A and Giannini A. Urinary volume, water
and recurrences in idiopathic calcium nephrolithiasis: a 5-year randomized prospective
study. J Urol 1996; 155: 839-43.
Levy FL, Adams-Huet B and Pak CY. Ambulatory evaluation of nephrolithiasis: an update of a
1980 protocol. Am J Med 1995; 98: 50-8.
Laranja WW, Pereira TA, Guimarães PVB, Tobias-Machado M, Leandro-Merhi VA, de Aquino
JLB and Reis LO. Do rapid emotional thermometers correlate with multidimensional validated structured questionnaires in low-risk prostate cancer? Int Urol Nephrol 2020; 52:
1073-1078.
Gillams K, Juliebø-Jones P, Juliebø SØ and Somani BK. Gender differences in kidney stone
disease (KSD): findings from a systematic review. Curr Urol Rep 2021; 22: 50.
de Oliveira JMI, Selegatto IB, Simoes GCS,
Ottaiano AD, Neto WA and Reis LO. Analysis
of surgical complications of percutaneous
nephrolythotomy, in the first three years, in a
teaching hospital. Am J Clin Exp Urol 2021; 9:
497-503.

[14] Azal Neto W, Morales E, Joseane Pachecco M,
Pedro RN and Reis LO. Is extracorporeal shockwave lithotripsy (SWL) still suitable for > 1.5
cm intrarenal stones? Data analysis of 1902
SWLs. Scand J Urol 2021; 55: 388-393.
[15] del Valle E, Spivacow R and Zanchetta JR. Metabolic changes in 2612 patients with nephrolithiasis. Medicina (B Aires) 1999; 59: 417-22.
[16] Miján Ortiz JL, Muñoz Torres M, Puebla Ceverino M, Garcia Victor F, Céspedes Mas S, Zaluaga Gomez A and Escobar Jiménez F. Metabolic
changes in the patient with recurring lithiasis.
Our cases. Arch Esp Urol 1991; 44: 55-7.
[17] Spivacow FR, del Valle EE and Zancheta JR.
Renal lithiasis. Biochemical changes in the
follow-up. Medicina (B Aires) 2006; 66: 201-5.
[18] Amaro CR, Goldberg J, Amaro JL and Padovani
CR. Metabolic assessment in patients with urinary lithiasis. Int Braz J Urol 2005; 31:29-33.
[19] Grases F, Rodriguez A, Berga F, Costa-Bauza A,
Prieto RM, Burdallo I, Cadarso A, JimenezJorquera C, Baldi A and Garganta R. A new device for simple and accurate urinary pH testing
by the Stone-former patient. Springerplus
2014; 3: 209.
[20] Kwong T, Robinson C, Spencer D, Wiseman OJ
and Karet-Frankl FE. Accuracy of urine pH testing in a regional metabolic renal clinic: is the
dipstick accurate enough? Urolithiasis 2013;
41: 129-132.
[21] Sëric V, Dutour-Sikirić M, Mihaljević I, TucakZorić S, Bilić-Curcić I and Babić-Ivancić V. Metabolic and physico-chemical urolithiasis parameters in the first-morning urine. Coll Antropol
2009; 33 Suppl 2: 85-92.
[22] Leathes JB. Renal efficiency tests in nephritis
and the reaction of the urine. Br Med J 1919;
2: 165-167.
[23] Lee MR, Ke HL, Huang JC, Huang SP and Geng
JH. Obesity-related indices and its association
with kidney stone disease: a cross-sectional
and longitudinal cohort study. Urolithiasis
2022; 50: 55-63.

Am J Clin Exp Urol 2022;10(3):188-193

