Hypokaliuria — a Neglected Variable in the Equation of
Lithogenesis in Young Patients?
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Nephrolithiasis in young patients is today a public health problem with an increasing prevalence in
industrialized nations. Between 01 January 2016 and 1 September 2018, we have evaluated patients aged
between 18 and 40 years old referred to our clinic and diagnosed with urinary stones. After 30 days at least,
it was confirmed using imaging stone-free status of the patient and then the 24h urine composition was
performed. We have enrolled 110 patients, 58 males and 52 females, with a mean age of 29.55 years.
Surprisingly, in 71 cases (64.54%), patients had hypokaliuria, 37 normokaliuria cases (33.63%) and two
cases of hyperkaliuria (1.81%). We divided the patients into two main groups. those with hypokaliuria and
those without. In those with hypokaliuria, the mean concentration was 22.53 mmol/L, while in the other
group 52.77 mmol/L. Patients with low urinary potassium level had a slightly acid urinary pH (5.6 vs. 5.86)
and lower urinary density (1012.96 vs. 1016.15 kg/m?®) than in others, however higher than the recommended
levels in lithiasic patients. Urinary magnesium level was lower (3.68 mmol/24h vs 3.87 mmol/24h) in the
hypokaliuria group. Therefore, hypokaliuria was positively correlated with two protective factors. Patients
with hypokaliuria revealed low urinary levels of lithogenic factors. Natriuria was significantly lower in patients
with hypokaliuria (67.81 vs. 120.77 mmol/L, p < 0.05). In addition, we noticed the same thing on urinary
calcium level (4.02 mmol/24h vs 4.98 mmol/24h) but with no statistical significance (p = 0.16).
Hypophosphaturia was more common in those with hypokaliuria (18.89 vs. 26.72 mmol/24h, p < 0.05). The
24-hour urine analysis remains an important component of the metabolic workup for recurrent renal lithiasis.
It seems that many of the young lithiasic patients in our geographic area have a low urinary potassium.
Paradoxically, patients with hypokaliuria seems to have also hyponatriuria and hypophosphaturia. Through
this study, we hope to make correlations between the risk of recurrent lithiasis -being a recognized high risk
among young patients - and changes in 24-hour urine parameters found in the initial assessment.
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Nephrolithiasis in young patients is today a public health
problem with an increasing prevalence in industrialized
nations. According to Sorokin 1. et al. worldwide prevalence
ranges between 7-13% in North America, 5-9% in Europe,
and 1-5% in Asia [1,2]. Fink H.A. et al. estimated 5-year
recurrence rate of approximately 50% [3]. Other metabolic
imbalances will occur at this patients’ age, especially in
women [4-6]. Based on the complex thermogravimetric
findings and porosity studies of renal stones, Tanasescu
R.N. etal. showed a connection between postmenopausal
osteoporosis and the risk of worsening calcium balance in
urolithiasis [7]. The 24-hour urine collection plays an
important role in kidney stone prevention by detecting
metabolic abnormalities. By identifying specific urine
composition abnormalities, the clinician would be able to
make individualized diet and pharmacological interventions
to correct these abnormalities and reduce the recurrence
risk. Although it appears that urinary potassium is not
involved in lithogenesis, we wanted to highlight a
correlation between the level of urinary potassium and
other lithogenic factors.

Experimental part
Material and methods

Between 01 January 2016 and 1 September 2018, we
have evaluated patients aged between 18 and 40 years old
referred to our clinic and diagnosed with urinary stones.
Urinary lithiasis was confirmed by sonographic and/or
radiologic investigations. They received medical or surgical
treatment and after at least 30 days, when it was confirmed
using imaging the stone-free status of the patient, the 24-
hour urine composition was performed. The patients did
not have chronic medication or did not take dietary
supplements containing potassium. The patients received
a glass recipient and instructions on how to collect and
store the urine. They were also advised to have a regular
diet on the day when they collected the urine. Statistical
analysis was made using Student t-Test for 2 Independent
Means and Chi-Square test, calculated online on http://
www.socscistatistics.com/tests/Default.aspx, while
statistical significance was defined as p value < 0.05.
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Results and discussions

We have enrolled 110 patients, 58 males and 52 females
with a mean age of 29.55 years (SD = 2.43). Most of them
(66.45%, n = 72) passed the stone, while in 38 cases
urological intervention was required (PCNL in 7 cases,
retrograde ureteroscopy in 13 cases and EWSL in 18 cases).
Surprisingly, in 71 cases (64.54%), patients had
hypokaliuria, 37 normokaliuria cases (33.63%) and two
cases of hyperkaliuria (1.81%) as shown in figure 1.

hyperkaliuria (1.81%).

normokaliuria (33.63%

hypokaliuria(64.54%)

Fig. 1: Patient distribution based on urinary potassium level

We divided the patients into two main groups: those
with hypokaliuria and those without. In those with
hypokaliuria, the mean concentration was 22.53 mmol/L,
while in the other group 52.77 mmol/L. We did not notice
significant differences between the two groups in terms
of average age or gender distribution, as shown in table 1.

Patients with low urinary potassium level had a slightly
acid urinary pH (5.6 vs. 5.86) and lower urinary density
(1012.96 vs. 1016.15 kg/m®) compared to others, however
higher than recommended level in lithiasic patients.
Urinary magnesium level was lower (3.68 mmol/24h vs
3.87 mmol/24h) in the hypokaliuria group. Therefore,
hypokaliuria positively correlated with two protective
factors. Patients with hypokaliuria demonstrated low

urinary levels of lithogenic factors. Natriuria was
significantly lower in patients with hypokaliuria (67.81 vs.
120.77 mmol/L, p < 0.05). In addition, we noticed the same
thing on the urinary calcium level (4.02 mmol/24h vs 4.98
mmol/24h), but with no statistical significance (p = 0.16).
Hypophosphaturia was more common in those with
hypokaliuria (18.89 vs. 26.72 mmol/24h, p < 0.05), as
shown in the table 2.

For a long time, renal nephrolithiasis has been
considered an organ confined disease, today it is
increasingly evident that it is a disease of the whole
organism. Nagy E.N. et al. evaluated patients with lithiasis
of the urinary tract and salivary gland, and after chemical
analysis of the stones the authors found that the most
encountered composition was the mixture of calcium
oxalate and phosphate in cases where urinary and salivary
gland stones were identified [8].

The purpose of clinical and metabolic evaluation of
lithiasic patients is to prevent lithiasis recurrence, stop the
growth of existing calculi and reduce the need for surgery.
According to Chapple C. and Chandhoke PS., every patient
with a previous history of lithiasis should undergo a
metabolic assessment [9,10]. The analysis of 24 h urine
collections in the high-risk individuals is recommended
both by European and American Urological Associations
guidelines [11-13]. However, His R.S. et al. highlights that
24 h urine analysis have many drawbacks like complexity
ininterpretation, limited ability to predict recurrence and it
may require repeated testing or cost-effectiveness [14].
More than that, stone formers can have normal 24-hour
urine collections and non-stone formers can have abnormal
collections, raising the question of whether current
laboratory cutoff parameters are appropriate. According
to Chapple C. et al. the metabolic assessment should be

Variable Hypokaliuriz MNormo/hyperkaliuria P
Table 1
N 11 (64.54%2) 39 (35.46%) AGE AND GENDER DISTRIBUTION
Mean age (years) 2076 (5D=27 2018 (SD=224) 0.321067
Gender 37 Females / 34 Males 15 Females / 24 Males | 0.170106
Variable Hypolalriz | Nomoehyperalunia | p
Unne density (kg/m™ 1012.96 1016.15 0000669
Volume (ml) 177704 139795 0.000801
Proteins abs abs
Glucoze zhe zhs
Table 2
Urinary pH 3.6 5.86 0.157105 URINE PARAMETERS IN THE TWO GROUPS
Wa (mmol'l) 67.81 12077 0.00001
K (mEg24h) 22353 2.1
Cl (mEq/24h) 6207 110.16 0.00001
Phosphates (mEq24h) 18.80 26.72 0.000026
Mg (mamol24h) 3.68 387 0348364
Ca 402 408 0.166071
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performed at least one month after the elimination of the
calculation to allow the body to return to its initial status.
By collecting blood or urine during the acute lithiasic
episode (obstruction, infection, renal colic), irrelevant
information may be obtained [9,15].

Rao N.P. et al. recommends that urine potassium levels
should be monitored in stone formers [16]. Sriboonlue P. et
al. were among the first to associate hypokaliuria with renal
lithiasis. He compared the urinary potassium and citrate
level of patients known with lithiasis with the ones of those
without lithiasis, noting significantly lower levels in those
with lithiasis [17]. There could be a link between urinary
potassium and citrate in lithiasic patients. According to
Mahle J.L. et al. decreased potassium may lead to
hypocitraturia by intracellular acidosis [18, 19]. Also,
according to Rao N.P. et al. a hypokalemic state, which
can promote hypocitraturia, may be reQiected in urinary
potassium levels [14].

One of the major risk factors for stone disease is a
concentrated urine, secondary to a low urine volume,
which raises the supersaturation of all stone-forming salts.
Both American and European guidelines on lithiasis
recommends an over 2000 mL 24 h urine volume,
furthermore, Borghi L. et al. had shown that a urinary
volume level of 2500 mL per day may reduce stone risk,
while urine volumes over this amount can decrease stone
risk even further [20]. In our study, although the patients
with hypokaliuria had a significantly higher urine volume,
the mean value was lower than 2000 mL/24 hours.

Urinary potassium levels are related to urinary sodium.
Calciuria correlates with the prevalence of urinary lithiasis.
Natriuria and kaliuria have antagonistic roles regarding
calciuria. Heidelberg I.P. et al. showed that for every 100
mmol increase in dietary sodium, urinary calcium excretion
will increase by 25 mg [21, 22]. The increase in sodium
excretion correlates with the increase in calcium while
rising the concentration of urinary potassium, decreases
the one of the urinary calcium [23]. According to Cirillo M.
etal anincreased natriuria/kaliuria ratio is associated with
an increased risk of urinary lithiasis [24].

Physiologically, human urine has a pH between 4.5 and
8.0. Urine pH is an important lithogenic factor as changes
in urine ppH can drive crystallization of certain salts. The
crystallization of some urine components like calcium
phosphate, calcium oxalate, uric acid, cystine, and struvite
are pH dependent. A patient with a urine pH below 5.5 has
a great risk to develop uric acid stone, while on the other
hand calcium phosphate crystals form in an alkaline
environment of 6.5 and above. The most common lithiasis
type, calcium oxalate, typically is not as pH dependent as
the others. According to Corder C.J. et al., the average urine
pH over a 24 h period should fall between 5.7 and 6.3,
which limits pH dependent stone formation [25].

Eisner B.H. et al., have described that one of the most
common metabolic abnormality associated with
urolithiasis is hypercalciuria. It is defined as the urinary
excretion of more than 0.1 mmol/kg/24h of calcium (or
more than 4 mg calcium/kg/day) in an individual on normal
diet, although some investigators use higher levels to define
hypercalciuria in men (> 250-300 mg/day) and women
(> 200-250 mg/day) [26]. In some patients hypercalciuria
is secondary to some diseases like parathyroidism, renal
tubular acidosis, Paget disease, paraneoplastic syndromes
and Addison disease, while in other cases is idiopathic but
dependent on dietary calcium, sodium or protein intake
[27]. Moderate calcium intake is typically recommended
to limit urinary excretion while maintaining bone health.
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According to Daudon M. et al. a calciuria concentration
above 3.8 mmol/L could be considered an independent
lithogenic risk factor [28]. In our study, only patients with
normal or high urinary potassium had a mean value slightly
greater than 3.8 mmol/L, while in those with hypokaliuria,
it is possible that urinary calcium is not an independent
risk factor.

The role of urinary magnesium in preventing stone
formation has been debated for decades. Preminger G.M.
et al. found a low incidence of hypomagnesuria in stone
formers, which we also found in our study, and for this
reason it has not been considered an important inhibitor of
lithogenesis, although Robertson W.G. et al. demonstrated
that magnesium binds urinary oxalate and recently Hussein
N.S. et al. found hypomagnesuria in quite a high percentage
(59.3%). Calcium oxalate stone formation may thereby be
inhibited [29-31]. According to Rao N.P. et al. supplemental
magnesium therapy may also increase urinary citrate
excretion by downregulating its tubular reabsorption [14].
Although our patients had a normal mean urinary
magnesium it could be low in conditions associated with
abuse of laxative medication, poor nutritional status, and
some malabsorption syndromes [32,33].

According to Wu W. et al., excretion of urinary phosphate
has been regarded as a risk factor for stone formation and
recurrence. In a group of 500 Chinese patients, the authors
found hyperphosphaturia only in 2.8%, the overall mean
urine phosphate was 17.2 mmol/24h, slightly lower as in
our hypokaliuric patients [34]. According to Tiselius H.G.
et al. a value > 50 in conjunction with urinary pH it could
be used to indicate an increased risk of forming a urine
supersaturated with calcium phosphate [35]. In our study
the mean urinary phosphate was in normal range in both
groups, but significantly lower in those with hypokaliuria.

Overall, some of the modification of the 24 hour urine
composition in our patients could be age-related.
Friedlander J.I. et al. evaluated a total of 1115 patients
divided into age groups consisting of < 45 years (19.7%),
45-54.9 years (23.8%), 55-64.9 years (24.6%), and = 65
years (31.9%). Patients < 45 years who had a significantly
lower mean urinary potassium (54.8 meq), they were also
found with significant increasing trends with aging for
potassium, and urine volume, while mean pH, calcium,
uric acid, phosphate, creatinine and protein catabolic rate
decreased with age [36].

One of the major drawbacks of our study was the
inability to perform the chemical analysis of the stone,
therefore, we could not correlate the biochemical changes
of the urine with the composition of the stone.

Conclusions

The 24 h urine analysis remains an important component
of the metabolic workup for recurrent stone formers. It
seems that many of the young lithiasic patients in our
geographic area have a low urinary potassium.
Paradoxically, patients with hypokaliuria seems to have
also hyponatriuria and hypophosphaturia. Although 24-hour
urine collection is considered an imperfect tool for
predicting stone recurrence, every young lithiasis patient
should undergo a metabolic evaluation because treatment
based on this analysis is superior to empirical or non-
selected therapy. Through this study, we hoped to make
correlations between the risks of recurrent lithiasis
(recognized as significant among young patients) and
changes in 2 h urine parameters found in the initial
assessment.
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