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Abstract

Renal stone disease is, also known as Urolithiasis the most frequent recurrent urological
problem-having worldwide distribution. Globally, urolithiasis is the third most common
urological disease affecting both males and females. In developed countries, up to 12% of men
and 7% of women will suffer from kidney stones in their life time, and the prevalence appears
to be increasing.

This retrospective descriptive study was conducted to determine the effects of urine pH and
specific gravity in the formation of urinary stones among ultrasound confirmed Urolithiasis
patients who reported to the Departments of Radiology and Biochemistry —Microbiology of
Nangarhar Medical University Teaching hospital. Jalalabad, Afghanistan. Data on patient’s
age, gender, seasonality, anatomical sites of the stone, biochemical parameters such as urine
color, deposit, pH, specific gravity, Albumen, Glucose, Pus cells, Red Blood Cells (RBCs) and
crystals were obtained from case records. Nonparametric Kruskal-Wallis Test was used to find
mean of specific gravity and pH changed to anatomical location of stone and different seasons.
Nonparametric Kruskal-Wallis Test showed that there was no statistically significant difference in
urine pH and specific gravity in patients with stones in different anatomical sites.

On testing the correlation between pH and specific gravity using spearman’s correlation test
showed that there was no statistically significant correlation between pH and specific gravity in
urine. The analysis of the effect of seasonality on specific gravity, showed that specific gravity
during the summer season was comparatively high compared to that in winter. The difference
observed was not statistically significant. With regard to pH, during winter the mean pH was high
when compared to that in summer. The difference observed was not statistically significant.
Comparing specific gravity and pH, the highest mean specific gravity was observed in summer and
the highest mean pH in winter.

On comparing the mean specific gravity in crystalluric and non crystalluric patients, an increasing
trend was observed from urine with crystalluria. On comparing the mean pH with crystalluria a
negative trend was observed, an increased pH for urine without crystals and a decreased pH for
urine with crystals urine.
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INTRODUCTION

Renal stone disease is, also known as Urolithiasis the most frequent recurrent urological
problem-having worldwide distribution [1]In developed countries, up to 12% of men and 7%
of women will suffer from kidney stones in their life time, and the prevalence appears to be
increasing [2].The prevalence of renal stone disorder is increasing in the United States as well
as in other countries [3-5], paralleling the rising rate of obesity in many nations
[6-8].This finding has led some authors to demonstrate whether obesity has a role in the
development of Renal stone [9-11]. The prevalence and incidence of stone disease have been
informed to be associated with body weight and body mass index (BMI) [11]. Though, these
epidemiologic studies did not differentiate between the different types of kidney stones, assess
the biochemical data, or reflect underlying biochemical mechanisms. Recent studies have
shown that patients with recurrent uric acid renal stone display metabolic and clinical features
representative of the metabolic syndrome [13, 14]. Furthermore, a recent study showed that
patients with renal stones who suffer from type 2 diabetes mellitus have a higher prevalence of
uric acid renal stone than in a general population of patients with renal stones [16].

A low urinary pH (<5.5, the pKa for uric acid) is a characteristic feature of idiopathic uric acid
renal stone formerly named as “gouty diathesis” [15, 16]. In such an excessively acidic urinary
environment, the concentration of sparingly soluble undissociated uric acid increases, resulting
in the formation of uric acid stones by direct precipitation [17]. Calcium oxalate nephrolithiasis
may also develop by heterogeneous nucleation of calcium oxalate by uric acid [18-20]. Based
on the above observations, it has been proposed that resistance to insulin action in the kidney
(“renal insulin Resistance) may lead to excessive urinary acidification and formation of uric
acid stones [12, 13, 21]. The purpose of the current study was to determine the effect of urinary
pH and specific gravity on renal stone in different season’s .Renal stone is the third most
common urological Problem affecting both males and females [22]. It has been reported that
the prevalence of renal stone disease was 1 to 5% in Asia, 5 to 9% in Europe, 13% in North
America, and 20% in Saudi Arabia [23, 24]. It has been estimated that in the Arabian peninsular
countries such as Kuwait, United Arab Emirates (UAE) and Saudi Arabia, 20% of the males
would have had at least one episode of urinary stone disease by the time they reached 60 years
of age [25]. In Buenos Aires city, a nephrolithiasis prevalence of 4.3% in men and 3.6% in
women [26] Urinary calculi analysis is important to determine the possible etiology of stone
formation and the pathophysiology of Urolithiasis, as previously reported [27]. Stone analysis
plays a valuable role in the diagnosis of kidney stone disease, specifically in uncommon kidney
stones such as uric acid, cystine, infection-induced, drug-induced, and NH4-urate stones [28].
Urolithiasis is the consequence of multiple causative agents and risk factors [23]. Geographic,
climatic and seasonal factors play a major role as causative agents on urinary tract calculi [29].
Many studies shown that urolithiaisis is a complex procedure closely related to personal habits,
quality and quantity of drinking water, diet diversity and familial inheritance [30]. The higher
incidence of uric acid lithiasis was due to excessive consumption of beef and alcohol or higher
intake of protein as a part of their dietary life style in stone formers [31]. Specific dietary
measures could be considered as non-pharmacological preventive measures for avoiding each
type of renal calculus formation. These include an intake of a minimum two liters of water per
day, a strict vegetarian diet, and avoiding excessive consumption of animal proteins, salt,
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Vitamin C and Vitamin D. Consuming phytate-rich products (natural dietary bran, legumes
and beans, whole cereals) and preferably avoiding exposure to cytotoxic substances (i.e.,
analgesics abuse, residual pesticides, organic solvents and cytotoxic drugs) have been
recommended to prevent the formation of stones [32]. The possibility of an individual of rising
urinary stone disease may be analyzed from the biochemical risk factors such as urinary
volume, pH and relative saturation of uric acid, which are exaggerated mainly by seasonal
variation. The factors such as increased excretion of calcium, lower urine output, dehydration,
diet, low urinary citrate, genetic factors, and environmental derangements (ambient
temperatures) can contribute to increased urinary super saturation of salts, low urine pH and
reduced urine volumes, leading to crystallization [33].Crystilluria caused by excessive loss of
water leads to stone formation[34]. Crystilluria in early morning urine samples [35] is a risk
factor of high predictive value for stone recurrence in calcium stone formers. Crystal
precipitation is the outcome of all factors acting in urine, both advocates and inhibitors, and
measured and unmeasured, activating crystal formation, which is the first step in stone
formation. Increase in water intake can cause reduction of crystilluria and urinary density
leading to decrease in risk of lithogenesis [36]. The pH of urine is normally close to neutral
(29) but can vary between 4.4 and 8 over a period of 24 hours based on a variety of
physiological factors. Uric acid and cystine calculi are formed in acidic urine while calcium
oxalate calculi are formed with acidic, neutral and alkaline pH. Alkaline urine results in the
formation of calcium phosphate and magnesium ammonium phosphate calculi [37]. The
normal specific gravity of urine varies from 1.020 to 1.028 in a well hydrated person over a
period of 24 hours. Bladder calculi usually cause dysuria, and to avoid pain during micturition
the patients tend to reduce their daily fluid intake, raising the urine specific gravity [38]. High
concentration of salts such as calcium oxalate, calcium phosphate, or uric acid leads to crystal
formation or growth of preformed crystals [39]. The present study was conducted to explore
the role of urine pH and specific gravity in the formation of urinary stones in Jalalabad.

Method and Material

This descriptive study was conducted among confirmed urolithiaisis patients reporting to the
Department of Radiology and Urology of Nangarhar university Teaching. Records of
Urolithiasis cases confirmed by ultrasonography during the period 2018 to 2019 .Data on
patient’s Age, seX, seasonality, anatomical sites of the stone, Biochemical Parameters such as
urine color, deposit, pH, specific gravity, Albumen, Glucose, Pus cells, Red Blood Cells
(RBCs) and crystals were obtained from case records after obtaining approval from
Biochemistry and Microbiology Department & research Committee of Nangarhar Medical
faculty. Light microscopy and qualitative chemical tests using Combi Multistix strips were
employed for urine analysis. The data were analyzed using SPSS version 26.0. Non parametric
ANOVA test was used to find whether the mean specific gravity and pH varied with anatomical
site of stone and with different seasons.

RESULTS
The ages of participants ranged from 7 to 78 years with a mean age of (Mean+SD) (34+7.8)
years. More than 60% of the patients were below 40 years of age. The majority of the subjects
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(57.7%) were males, with only 42.3% being females. The age and gender distribution of
patients with renal stone is given in Table 1.
Table 1. Age-and gender-wise Distribution of patients with urolithiaisis.

Sex
Age group Male Female Total
No. Percentage (%) No. Percentage (%) No. | Percentage (%)
<=40Years 26 63.4 22 73.3 48 | 67.6
>40 Years 15 36.6 8 26.7 23 | 324
Total 41 100.0 30 100.0 71 | 100.0

The urine parameters of 71 subjects who presented with Renal stone showed 1.4% as having
normal pale yellow coloured urine while others had yellow (62.0%), dark yellow (36.6%).
Urine analysis showed that only 46.5% of the urine samples contained deposits. Among the
study subjects, 60.6% had acidic pH, 19.7% neutral and 19.7% alkaline pH values. The specific
gravity of the samples was normal or below normal in 2.8% subjects, while it was above normal
in 97.2% patients. 60.6% of urine samples showed the presence of albumin, and 5.6% of the
samples the presence of glucose. Microscopic examination of urine revealed the presence of
pus cells in 90.1% of the subjects. RBCs were found in 59.2% of urine samples; and crystals
were found in 54.9% of the samples. The details are given in Table 2.

Table 2. Distribution of urine parameters in patients with renal stones

Urine parameters Groups Numbers Percentages (%)
Yellow 44 62.0
Color Dark yellow 26 36.6
Pale yellow 1 14
Deposit Present 33 46.5
Absent 38 53.5
Acidic 43 60.6
pH Alkaline 14 19.7
Neutral 14 19.7
Specific gravity Normal (1.020-1.028) 2 2.8
Above normal(>1.028) 69 97.2
Albumen Present 43 60.6
Absent 28 39.4
Glucose Present 4 5.6
Absent 67 94.4
Pus cells Present 64 90.1
Absent 7 9.9
RBCs Present 42 59.2
Absent 29 40.8
Crystals Present 39 54.9
Absent 32 45.1

It was observed that 54.9% of the samples had crystalluria. The Urine parameters such as urine
deposit, albumin, glucose, pus cells, RBCs and crystals were evaluated under acidic, neutral
and alkaline pH. Urine deposits were detected to be comparatively high (85.7%) in neutral pH
and low (21.4%) in alkaline pH. Albumin was absent in 57.1% of urine samples with alkaline
pH and was spotted to be high (100%) in urine samples with neutral pH. Glucose was present
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in 7.1% of patients with neutral pH whereas the glucose level was normal in all patients with
alkaline urine. In urine with neutral pH pus cells were not present in 7.1% of the samples and
RBCs were absent in 35.7%. The presence of pus cells was comparatively higher (92.9%) in
urine samples with alkaline pH than those with acidic pH (88.4%). RBCs were detected
comparatively more (71.4%) in urine samples with alkaline pH when compared to urine
samples with acidic pH (53.5%). The presence of crystals was also found to be higher under
neutral pH. The details are given in Table 3.

Table 3. Distribution of urine parameters according to pH of urine

Urine Acidic pH Neutral Alkaline pH
parameters No. Percentage No. Percentage % No. Percentage %
%
Deposit Present 18 41.9 12 85.7 3 21.4
Absent 25 58.1 2 14.3 11 78.6
Albumen Present 23 53.5 14 100.0 6 42.9
Absent 20 46.5 0 0.0 8 57.1
Glucose Present 3 7.0 1 7.1 0 0.0
Absent 40 93.0 13 92.9 14 100.0
Pus cells Present 38 88.4 13 92.9 13 92,9
Absent 5 11.6 1 7.1 1 7.1
RBCs Present 23 53.5 9 64.3 10 71.4
Absent 20 46.5 5 35.7 4 28.6
Crystals Present 22 51.2 13 92.9 4 28.6
Absent 21 48.8 1 7.1 10 714

The specific gravity of urine was also compared with urine parameters such as urine deposit,
albumin, glucose, pus cells, RBCs and crystals. The deposits were found to be higher in urine
samples with above normal specific gravity than in those with normal/below normal specific
gravity. Albumin was present in 100% of urine samples with normal or below normal specific
gravity, but in patients with above normal specific gravity, the presence of albumin was
detected in 60.9%. Among stone formers with urine specific gravity values above normal
(>1.028), pus cells were found in 89.9%, RBCs in 59.4% and crystals in 56.5% which are
comparatively higher than in patients with urine of normal/below normal specific gravity. The
details are given in Table 4.

Table 4. Distribution of urine parameters according to urine specific gravity.

Urine Normal /below normal Above normal
parameters No. Percentage % | No. Percentage %
Deposit Present 0 0.0 33 47.8
Absent 2 100.0 36 52.2
Albumen Present 1 50.0 42 60.9
Absent 1 50.0 27 39.1
Glucose Present 0 0.0 4 5.8
Absent 2 100.0 65 94.2
Pus cells Present 2 100.0 64 89,9
Absent 0 0.0 7 10.1
RBCs Present 1 50.0 41 59.4
Absent 1 50.0 28 40.6
Crystals Present 0 0.0 39 56.5
Absent 2 100.0 30 43,5
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The mean pH of urine samples from patients with stones located at different anatomical sites
revealed that the lowest pH was observed in patients with stones in renal pelvis in the case of
males and stones in the ureters in the case of females. The highest pH was observed in patients
with stones in renal calyces, both in the case of males and females. The mean specific gravity
of urine was observed to be high in patients with stones in the renal pelvis and renal calyces
and lowest with stones in ureter among male, but the highest was observed in patients with
stones in ureter and urinary bllader and lowest with stones in renal calyces and renal pelvis
among females (Table 5).

Table 5: Distribution of urine specific gravity and pH according to anatomical location of stone

Location, pH Specific gravity
Male Female Male Female
Mean | SD Mean SD Mean SD Mean SD
Ureter 6.27 0.592 5.70 0.395 1.0233 0.00562 1.0378 0.03218
Renal calyces 6.42 | 0.417 6.13 0.816 1.0248 0.00571 1.0233 | 0.00699
Renal pelvis 6.20 | 0.274 6.10 0.566 1.0258 0.00870 1.0257 | 0.00345
Urinary bladder 5.75 1. 061 1.0225 | 0.01061

Nonparametric Kruskal-Wallis Test showed that there was no statistically significant difference in
urine pH and specific gravity in patients with stones in different anatomical sites. On testing the
correlation between pH and specific gravity using spearman’s correlation test showed that there
was no statistically significant correlation between pH and specific gravity in urine.

The analysis of the effect of seasonality on specific gravity, with the year divided into summer and
winter, showed that specific gravity during the summer season was comparatively high compared
to that in winter. The difference observed was not statistically significant. With regard to pH, during
winter the mean pH was high when compared to that in summer. The difference observed was not
statistically significant. Comparing specific gravity and pH, the highest mean specific gravity was
observed in summer and the highest mean pH in winter. On comparing the mean specific gravity
in crystalluric and non crystalluric patients, an increasing trend was observed from urine with
crystalluria.

Table 6. Distribution of urine specific gravity and pH according to season and crystilluria

Variables pH Specific gravity
Mean SD Mean SD
Season Summer 6.06 0.666 1.0253 0.01284
Winter 6.48 0.274 1.0252 0.00594
Crystalluria Present 6.06 0.642 1.0260 0.01360
Absent 6.36 0.509 1.0244 0.00684

On comparing the mean pH with crystalluria a negative trend was observed, an increased pH for
urine without crystals and a decreased pH for urine with crystals urine. The details are given in
Table 6.
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DISCUSSION

The purpose of our study was to examine the association between urinary pH and specific
gravity a number of patients with nephrolithiasis evaluated at university Teaching hospital &
Nangarhar public hospital. Renal stone formation is the condition of stone formation in the urinary
system, including ureter, kidney, and bladder [34].

Crystal formation depends mainly on the composition of urine, as urine is a metastable liquid
containing several coexisting substances that can crystallise to generate renal calculi [40].

The anatomy of the upper and lower urinary tract may also influence the likelihood of stone
formation [41].

In our present study the majority of renal stone formers (67.6%) were below 40 years of age, with
a male to female ratio of 2:1 and over 40 years age of male patients 36.6% and 32.4% were female
formers of renal stones ,with male to female ration 2:1 .Studies conducted by Alsheyab et al. in
Jordan and Kumar et al. in Nepal discovered that male predominance was seen with a ratio of 3:1
and that urinary stone disease was most common within the age group 20-50 years. The male to
female ratio observed in the present study is high compared to other studies. The studies from other
parts of the world show that stone disease not only affects the patients, but also the countrywide
economy, as the disease is prevalent in the productive age group20. In the present study it was
observed 54.9% of the patients had crystals and 45.1% doesn’t have crystals. Sperling et al. and
Tiselius et al. showed high frequency of acidic urine in patients living in Israel, the Arabian
countries, and Australia compared to Northern Europe. Episodes of excessive fluid loss or reduced
intake might be associated with an obvious risk of uric acid crystallization. Lowering of pH and
urine volume can lead to the precipitation of uric acid at a normal excretion of urate [35,39] In our
study the in lower urinary pH the renal stone formation is (60.6%), in alkali and neutral pH (19.7%)
is equal. In the 2.8% of renal stone disease has the normal specific gravity and 97.2% of the patients
has abnormal specific gravity. Which is in accordance with the study conducted by Kumar et al.10.
It also shows that uric acid solubility decreases dramatically at a urinary pH lower than 5.5, leading
to uric acid crystal formation. The solubility of calcium oxalate is affected by the changes in the
urinary pH leading to its super saturation and crystallization [34]. The urine samples showed an
increase in specific gravity during the summer season with a decrease during the winter. This is in
accordance with the studies of Rabie et al., proving the effect of seasonal variations in temperature
on urinary volume, pH and saturation [1].

CONCLUSSION

In finding of the present study determine the relation between pH and specific gravity in
urinary stone formers, emphasizing the role of an increase in specific gravity and decrease in
pH in the formation of urinary stone diseases. The study also showed an increase in specific
gravity and decrease in pH of urine during summer season, which may be a contributing factor
for renal stone formation. The main reason for the increased specific gravity during summer
appears to be dehydration as indicated by the presence of high colored urine (yellow).
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