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ABSTRACT

Aim: Urine pH is a critical parameter in assessing an individual’s meta-
bolic and physiological status. The aim of this study was to compare dip-
stick measurement of urinary pH with gold standard pH meter readings.

Material and Methods: Each sample was tested by Jenway 3310
pH meter with a combined glass electrode and again using Meditape
UC-9A urine dipsticks with Sysmex UC-3500 dipstick analyzer.

Results: A total of 3043 urine specimens were collected immediately
after voiding from in-patients and out-patients at the Zonguldak Bulent
Ecevit University Hospital. A strong correlation was found between
urine dipstick and pH meter, with a rho value of 0.909 (95% CI 0,902 to
0.915), p<0.001. The bias values were between techniques was -0.18
(95% CI -0.1893 to -0.1695) with the two standard deviations estab-
lisheing the lower limit at —0.72 (95% CI -0.74 to -0.70) and the upper
limit at 0.36 (95% CI 0.34 to 0.38), respectively.

Conclusion: Urine dipsticks offer expediency and practicality, making
them suitable for routine checks and initial screenings. Conversely, pH
meters deliver precision and reliability that is pivotal for comprehensive
clinical assessments and research applications. Therefore, a pH me-
ter with a glass electrode is mandatory when accurate measurement
is necessary.
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Amag: idrar pH'i, bir bireyin metabolik ve fizyolojik durumunu degerlen-
dirmede kritik bir parametredir. Bu ¢alismanin amaci, idrar pH'inin dips-
tik 8lcimunu altin standart yéntem olan pH metre ile karsilastirmaktir.

Gerec ve Yontemler: Her numune, kombine cam elektrotlu Jenway
3310 pH metre ile ve ardindan Sysmex UC-3500 idrar analizéru ile Me-
ditape UC-9A idrar dipstikleri kullanilarak hemen test edildi.

Bulgular: Zonguldak Biilent Ecevit Universitesi Hastanesi'nde yatan ve
ayaktan hastalardan toplam 3043 idrar érnegi topland. idrar dipstikleri
ile pH metre arasinda gucli bir korelasyon bulundu, rho degeri 0,909
(95% C1 0,902 ila 0,915), p<0,001. Yontemler arasindaki sapma deger-
leri -0,18 (95% CI -0,1893 ila -0,1695) idi, iki standart sapma alt siniri
-0,72 (95% CI -0,74 ila -0,70) ve Ust sinirt 0,36 (95% CI 0,34 ila 0,38)
olarak belirledi.

Sonug: idrar dipstikleri, rutin kontroller ve ilk taramalar icin kolaylik ve
pratiklik sunar. Buna karsilik, pH élcerler kapsamli klinik degerlendirme-
ler ve arastirma uygulamalari i¢in gok énemli olan hassasiyet ve glveni-
lirlik sunar. Bu nedenle, dogru 6l¢iim gerektiginde cam elektrotlu bir pH
Olcer zorunludur.

Anahtar Kelimeler: idrar pH, idrar dipstik, pH metre

Highlights

+ This study compared urinary pH in 3,043 samples using a dipstick analyzer versus a glass-electrode pH meter.

+ Although a strong correlation was observed (p = 0.909), this did not translate into acceptable clinical agreement.

+ Bland—-Altman analysis showed a negative bias and wide limits of agreement, indicating frequent measurement

discrepancies.

+ Clinically relevant errors occurred in approximately 7.5% of dipstick readings, often differing by +1 pH unit.

+ Accurate urine pH assessment—especially in pH-dependent therapies—requires a calibrated pH meter rather

than dipstick testing.
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INTRODUCTION

Urine pH is a critical parameter in assessing an individual’s
metabolic and physiological status. It serves as a reflection
of the body’s acid-base balance and can provide valuable
insights into various health conditions (1). The normal range
for urine pH typically falls between 4.6 and 8.0, influenced
by factors such as diet, hydration, and underlying health
issues (2). For example, a diet rich in protein may lead to
lower urine pH, reflecting increased acidity and converse-
ly, a vegetarian diet often results in a more alkaline urine
pH (2). Furthermore, hydration status significantly impacts
urine concentration and consequently its pH (2).

Clinically, urine pH testing can be instrumental in diagnos-
ing various disorders. For instance, a consistently high
urine pH may suggest urinary tract infections (UTIs) caused
by urease-producing bacteria, while a low pH can indicate
conditions such as diabetic ketoacidosis or chronic respi-
ratory acidosis (3-5). Moreover, urine pH can influence the
solubility of certain substances, playing a critical role in the
formation of kidney stones. Calcium oxalate stones, for
example, tend to form in acidic urine, while struvite stones
form more readily in alkaline urine (6).

Monitoring urine pH can also aid in managing certain med-
ical treatments. Patients undergoing treatments for meta-
bolic disorders or those on specific diets may need regular
assessments of urine pH to evaluate the effectiveness of
their management strategies (7,8).

Urine pH is a vital indicator of overall health, providing es-
sential information regarding metabolic processes, dietary
influences, and potential health complications. Its evalua-
tion is an indispensable component of clinical diagnostics
and management, thereby underscoring the necessity of
further research into the diverse implications of urine pH
variations in health and disease. The aim of this study was
to compare dipstick measurement of urinary pH with gold
standard pH meter readings.

MATERIAL and METHODS

Atotal of 3043 urine specimens were collected immediately
after voiding from in-patients and out-patients at the Zongul-
dak Bulent Ecevit University Hospital. Samples were taken
from both male and female patients. The protocol was ap-
proved by the Ethics Committee of Zonguldak Bulent Ecevit
University (Date: January 13, 2025, Decision No: 2025/01).

Each sample was immediately tested by a fully trained op-
erator via the two urinary pH testing methods. Once with the
reference laboratory Jenway 3310 pH meter with a com-
bined glass electrode (Jenway, Stafforshire, UK) and again
using Meditape UC-9A urine dipsticks (Sysmex Corpora-
tion, Kobe, Japan). The pH meter was calibrated prior to
use with pH solutions of pH 4, 7, and 10. The pH probe was

placed in the urine sample and a pH reading was recorded
for all samples tested with the previous methods. The Sys-
mex UC-3500 (Sysmex Corporation, Kobe, Japan) dipstick
analyzer and an two levels of external daily quality control
were performed.

Statistical analyses were conducted using SPSS Statis-
tics Version 19.0 (IBM Corporation, Armonk, NY, USA) and
MedCalc Statistical Software version 23.1.3 (MedCalc Soft-
ware Ltd, Ostend, Belgium). Normality assumptions were
controlled by the Shapiro-Wilk test. Descriptive analyzes
were presented using mean+SD, median (min-max) or n
(%), where appropriate. For pairwise comparisons between
related samples, the paired samples t-test was used for
normally distributed data. A two-tailed p-value of less than
0.05 was considered to be significant. To explore the linear
relationships among the parameters, Spearman correlation
coefficients and linear regression equations were calculat-
ed. The Bland-Altman test was applied to assess the agree-
ment between pH results, with 95% confidence interval
limits of agreement. We calculated the exact match concor-
dance rate (%) and concordance rate (%) with +1 grading
difference rates (%) between Sysmex UC-3500 and Jen-
way 3310 pH meter. The sample size was calculated using
G Power 3.1.9.4 software. The sample size calculation was
based on a effect size 0.1, with a p-value of 0.05, a power
of 95%, and a total sample size of at least 1073 subjects.

RESULTS

1450 of the specimens were from males, while 1593 were
from females. The ages of the patients ranged from 1 to
95, with a mean age 52.0+18.9 median age of 55. A strong
correlation between pH dipstick and pH meter was found,
with a rho value of 0.909 (95% CI 0,902 to 0,915), p<0.001
(Figure 1). The linear function of pH dipstick for estimating
pH meter was Y=-0.380 (95% CI -0,4650 to -0,2700) + 1.10
X (95% CI 1,0800 to 1,1150).

pH meter
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Figure 1: A comparative analysis of pH levels
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Table 1. pH values of the patients with dipstick and pH meter

pHmeter
Dipstick pH Value - - - p-value
Mean+SD Difference+xSD Median Min-Max
0 (n=1036) 5.21+0.25 0.21+0.25 5.22 4.20-6.84 <0.001
5 (n= 991) 5.69+0.24 0.19+0.24 5.61 5.05-7.61 <0.001
0 (n=424) 6.24+0.27 0.24+0.27 6.23 5.30-8.01 <0.001
5 (n=215) 6.63+0.28 0.13+0.28 6.62 5.54-8.57 <0.001
0 (n=172) 7.05+0.27 0.05+0.27 6.99 6.60-8.36 0.160
5 (n=107) 7.48+0.29 0.02+0.29 7.41 6.94-8.62 0.092
0 (n=47) 7.82+0.24 0.18+0.24 7.80 7.44-8.63 <0.001
5 (n=28) 8.14+0.39 0.36+0.39 8.02 7.59-8.88 <0.001
0 (n=22) 8.29+0.34 0.71+0.34 8.24 7.72-9.15 <0.001

Table 2. The distribution of the pH values

+ 1 rank match

pHmeter (n)

PH concordance rate (%) <5.0 5-5.5 5.5-6.0 6.0-6.5 6.5-7.0 7.0-7.5 7.5-8.0 8.0-8.5 8.5-9.0 >9.0
5.0 (n=1036) 90.3 201 735 93 6 1 0 0 0 0 0
5 (n=991) 91.7 0 207 702 70 11 0 1 0 0 0
0 (n=424) 83.9 0 3 55 301 63 1 0 1 0 0
E 5 (n=215) 93.0 0 0 4 47 153 9 2 0 0 0
-% 0 (n=172) 94.7 0 0 0 0 91 72 7 2 0 0
.“51 5 (n=107) 95.3 0 0 0 0 1 63 39 3 1 0
8.0 (n=47) 87.3 0 0 0 0 0 21 20 4 0
8.5 (n=28) 71.4 0 0 0 0 0 8 9 1 0
9.0 (n=22) 40.1 0 0 0 0 0 8 9 4
wl B lower limit at —0.72 (95% CI -0.74 to -0.70) and the upper
A limit at 0.36 (95% CI 0.34 to 0.38), respectively.
WL ° The results of the comparison between the three methods
° © %J when compared with the reference method are summarized
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Figure 2: The means, mean differences, and agreement limits
(bias +2 SD) of pH results according to Bland-Altman analyses

The Bland-Altman plots depict the differences between the
means of pH dipstick versus pH meter (Figure 2). The bias
values between techniques was -0.18 (95% CI -0.1893 to
-0.1695) with the two standard deviations established the

in Tables 1 and 2.

DISCUSSION

The measurement of urine pH is a vital component of clini-
cal diagnostics, offering critical insights into both metabolic
and renal function. Fluctuations in urine pH can signal a
variety of health issues, ranging from urinary tract infections
to systemic metabolic disorders. Traditionally, urine pH has
been evaluated using dipstick tests, which are popular due
to their convenience and speed. However, the advent of pH
meters presents a more accurate and dependable alterna-
tive. This essay will explore the advantages and limitations
of both methods, highlighting their respective roles in clini-
cal practice and research settings.

Dipstick tests for urine pH utilize a straightforward colori-
metric method, wherein a reactive dipstick changes color
in response to the acidity or alkalinity of a urine sample. In
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a study conducted by Desai and Assimos, the pH levels of
100 fresh urine specimens from patients with urologic dis-
eases were measured. The findings indicated that urinary
dipsticks serve as reliable indicators of urinary pH, making
them valuable tools for both physicians and patients to mon-
itor pH manipulation therapy within the targeted range of 6
to 7 (9). Similarly, Johnson et al. analyzed 201 free-catch
urine samples from 114 hospitalized dogs and concluded
that urine reagent dipstick can provide estimates of pH for
routine urinalysis (10). However, they cautioned against
relying on these dipsticks when precise and consistent pH
measurements are essential for the diagnosis, prevention,
and management of diseases. This testing technique offers
numerous advantages, particularly its ease of use and rapid
results, making it an ideal choice for point-of-care testing
in outpatient settings and laboratories with limited resourc-
es. Dipsticks are widely accessible, cost-effective, and re-
quire minimal training to operate, thereby facilitating rou-
tine screening. Nevertheless, while dipstick tests provide a
quick overview of urine pH, they are inherently limited by
their qualitative nature and the potential for subjective inter-
pretation. Factors such as the freshness of the urine sam-
ple, laboratory conditions, and user variability can introduce
inconsistencies in results, ultimately affecting diagnostic
accuracy. Therefore, while dipstick tests are a valuable tool
in clinical practice, they should be complemented with more
precise methods when accuracy is paramount.

Mina et al. conducted a study involving 210 urine sam-
ples, utilizing the Mettler Toledo Seven Compact pH meter
method, which demonstrated an 85.7% agreement with the
dipstick method (11). In a separate evaluation, Coninck et
al. assessed 77 urine aliquots from 20 healthy volunteers
using reagent dipsticks, a portable pH meter, and a labora-
tory pH meter as the gold standard. Their findings indicated
that the portable electronic pH meter provided more accu-
rate readings compared to the reagent dipsticks according
to the laboratory pH meter as the gold standard (12). llyas
et al. collected urine samples from 200 patients attending
stone clinics and emphasized the importance of using a pH
meter for urinary pH readings in patients at risk for pH-de-
pendent stone formation (13). In contrast to dipstick meth-
ods, pH meters offer a quantitative assessment of urine
pH, delivering a higher level of precision and reproducibil-
ity. These meters operate on the principles of potentiome-
try, employing a glass electrode to accurately measure the
hydrogen ion concentration in urine samples. This meth-
odological rigor makes pH meters particularly well-suited
for research environments and clinical investigations that
demand high-quality data granularity. Moreover, pH meters
provide definitive numerical values and facilitate the evalu-
ation of urine samples under controlled conditions, thereby
minimizing environmental influences and inter-user variabil-
ity. However, the use of pH meters requires a certain level
of technical proficiency and proper calibration, which can

present challenges in settings where resources and trained
personnel are limited. This study highlights that while the
correlation between the two different modalities of urine pH
measurement is statistically good, clinically significant dis-
crepancies occur with an unacceptable frequency. Approxi-
mately 7.5% of dipstick measurements resulted in clinically
relevant errors, with the majority deviating by one pH unit
from the true urine pH value. Although a strong correlation
coefficient (r=0.909) was observed between the two mea-
surement methods, this does not necessarily imply clinical
reliability. A correlation value only reflects the strength of a
linear relationship, not the degree of agreement or inter-
changeability between methods. In clinical contexts such
as urinary alkalinization therapy or stone prophylaxis, even
a =1 pH unit deviation can lead to inappropriate treatment
decisions or missed therapeutic targets. Therefore, despite
the statistically robust correlation, the observed discrepan-
cies highlight that the dipstick method cannot substitute for
pH meter measurements when accurate urine pH assess-
ment is essential.

Wockenfus et al. conducted a study involving 116 urine
samples from pediatric patients undergoing high-dose
methotrexate therapy (14). They measured the pH of these
samples using both the Clinitek Status dipstick and a pH
meter. Their findings revealed a significant bias in pH read-
ings among patients receiving high-dose methotrexate ther-
apy, with an average discrepancy of 0.7 + 0.4. Notably, this
bias was most pronounced in urine samples with pH val-
ues exceeding 8. In our study, we observed a similar trend:
at dipstick pH readings above 8.5, there was a tendency
for the dipstick to undervalue the pH compared to the pH
meter. A critical distinction between these two methods is
their diagnostic utility. Urine pH levels can be influenced by
various factors, including dietary habits, medications, and
underlying health conditions. While dipstick tests may serve
as a preliminary screening tool, they often lack the precision
necessary for accurate clinical decision-making. In a cohort
of 98 patients where pharmacological manipulation of uri-
nary pH was indicated based on true pH measurements, it
was found that 14 patients would not have received appro-
priate treatment, and 5 patients would have been unnec-
essarily medicated if only the dipstick pH values had been
considered (15). In contrast, pH meters provide healthcare
professionals with more reliable data, facilitating better pa-
tient management and therapeutic interventions. Our data
indicate that while dipstick pH readings of 7 and 7.5 closely
aligned with the mean pH meter readings, higher pH values
were associated with a greater likelihood of overestima-
tion by the dipstick method. Furthermore, when urine pH
measurements are integrated with other diagnostic tests,
the enhanced precision offered by pH meters significantly
improves the interpretability of results, ultimately leading to
more informed clinical judgments.
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A limitation of our study is that dipstick pH results were treat-
ed as continuous variables for statistical analyses. Although
this approach facilitates correlation and regression testing, it
may not fully reflect the ordinal nature and potential rounding
bias inherent in dipstick readings. Future studies employing
categorical or interval-based analysis could provide addition-
al insights into the agreement between the two methods.

Conclusion

Both dipstick tests and pH meters offer distinct advantages
and limitations when it comes to measuring urine pH. Dip-
sticks are valued for their speed and convenience, making
them ideal for routine checks and initial screenings. In con-
trast, pH meters provide the precision and reliability essen-
tial for thorough clinical assessments and research applica-
tions. The selection between these two methods should be
tailored to the specific context, ideally combining the rapid
results of dipsticks with the accuracy of pH meters to create
a comprehensive diagnostic strategy. Enhancing our under-
standing and methodologies for measuring urine pH can
significantly elevate its role in clinical practice, ultimately
leading to improved patient outcomes and stimulating fur-
ther research in metabolic health. Therefore, when precise
measurements are critical, the use of a pH meter equipped
with a glass electrode is indispensable.
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