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Purpose: To study the effects of long-term treatment with potassium magnesium citrate
and vitamin B-6 prophylaxis (Urikind-KM6; 1,100-mg potassium citrate, 375-mg mag-
nesium citrate, and 20-mg pyridoxine hydrochloride/5 mL) every 8 hours over 3 years.
Materials and Methods: A total of 247 patients with recurrent idiopathic hypocitraturia
with or without hyperuricosuria and randomized controls were studied prospectively
for 3 years. The total patients were divided into three groups. Control group 1 consisted
of 61 patients (24.7%) who had moderate to severe hypocitraturia with or without hyper-
uricosuria and were recurrent stone formers but discontinued prophylaxis because of
drug intolerance within 1 month of therapy. Control group 2 constituted 53 patients
(21.5%) who were first-time stone formers and who had mild hypocitraturia with or
without hyperuricosuria and were not put on prophylactic therapy and were followed
for 3.16+0.08 years. Control group 3 constituted 133 patients (54.8%) who were re-
current stone formers who had moderate to severe hypocitraturia with or without hy-
peruricosuria and were put on prophylaxis therapy and were followed for 3.16+0.08
years. All patients were followed up at 6-month intervals.

Results: Potassium magnesium citrate prophylaxis produced a sustained increase in
24-hour urinary citrate excretion from initially low values (221.79+£13.39 mg/dL) to
within normal to high limits (604.04+5.00 mg/dL) at the 6-month follow-up. Urinary
pH rose significantly from 5.62+0.2 to 6.87+0.01 and was maintained at 6.87+0.01. The
stone recurrence rate declined from 3.23+1.04 per patient per year to 0.35+0.47 per pa-
tient per year.

Conclusions: Potassium magnesium citrate prophylaxis was effective in reducing the
recurrence of calcium oxalate and phosphate urolithiasis.
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INTRODUCTION

Urolithiasis is a major health problem with a worldwide
prevalence of between 2% and 20% [1]. International epi-
demiological data suggest that the incidence and preva-
lence of stone disease is increasing [2]. It is estimated that
almost 50% of stone formers will experience recurrence
within 10 years [3]. More specifically, high fructose con-
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sumption, which promotes obesity; reduced fluid intake;
and increased calcium, oxalate, sodium, and animal pro-
tein intake have all been identified as risk factors for kidney
stones [4-7]. The risk of urolithiasis is greater in in-
dividuals with a family history of stone disease [8]. The risk
in those individuals is estimated to be more than 2.5 times
that in persons without a family history of stone disease [9].
Primary hyperparathyroidism may be found in 5% of stone
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formers [10]. Different theories as to the pathophysio-
logical mechanisms of lithogenesis have been proposed, in-
cluding free and fixed particle theories and Randal’s plaque
hypothesis [11]. The main types of renal stones are calcium
oxalate (59%), calcium phosphate (10%), uric acid (17%),
struvite (12%), and cystine (2%) [12]. The overall incidence
of calcium-containing stones, that is, those containing cal-
cium oxalate and calcium phosphate, is 70% to 80%. More
specifically, urine contains inorganic and organic mole-
cules that may inhibit or promote lithogenesis [13].
Hypocitraturia is a common physiologic disturbance in ur-
olithiasis that affects from 19% to 63% of patients with
stones. In stone patients with idiopathic hypocitraturia,
the hypocitraturia occurs as either a sole disturbance or in
association with other physiologic disturbances, which is
termed complicated hypocitraturia.

We report the results of a 3.16+0.08-year clinical trial
with potassium magnesium citrate and vitamin B-6 pro-
phylaxis (Urikind-KM6, Gena Pharmaceutical Ltd.,
Kolkata, India) in patients with hypocitraturia- and hyper-
uricosuria-induced recurrent calcium oxalate and calcium
phosphate urolithiasis.

MATERIALS AND METHODS

Between January 2005 and December 2010, a total of 247
patients (193 men [78.2%] and 54 women [21.8%] aged 26~
68 years with a mean age of 37 years), who were either
first-time, recurrent, or multiple stone formers constituted
the subjects of this study. Our study was a prospective,
randomized case-control study that was approved by an in-
stitutional ethics committee. We used Urikind-KM6 sol-
ution (potassium magnesium citrate and vitamin B-6),
which is manufactured by Gena Pharmaceuticals Limited.
Informed consent was obtained from patients before en-
rollment in the study.

Urinary estimation of promoters and inhibitors
(calcium, magnesium, sodium, potassium, uric acid, cit-
rate, oxalate, and phosphorus) of stone formation was done
before and 24 hours after treatment. Urinary pH and vol-
ume were also estimated. Serum analysis was done for cal-
cium, phosphorus, uric acid, albumin-globulin ratio, so-
dium, potassium, and bicarbonate.

Ambulatory 24-hour urinary analysis was done on 2 con-
secutive days. The first 24-hour urinary collection for anal-
ysis of urinary calcium and oxalate was done in a container
with 10 mL of 6 mmol of hydrochloric acid to prevent precip-
itation of calcium and oxalate salts and also to prevent oxi-
dation of ascorbic acid to oxalate. The collection on the sec-
ond day for urinary pH, uric acid, citrate, magnesium, and
creatinine was done in a container with 10 mL of 0.3 mmol
of sodium azide to prevent bacterial growth. Urinary vol-
ume was calculated, and the urinary volume collected on
the 2 consecutive days was averaged. There were no dietary
restrictions and 24-hour urine samples were collected
while the patients consumed their regular diets at home.

All stones or fragments that were retrieved after use of
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the available institutional modalities of treatment (e.g., ex-
tracorporeal shock wave lithotripsy, percutaneous cuta-
neous nephro lithotomy, ureterorenoscopy, incision sur-
gery, or spontaneous passage of calculi) were analyzed
chemically and crystallographically by using a polarizing
microscope. A total of 247 patients were selected for the
study. Among these, 61 patients (24.7%) who had moderate
to severe hypocitraturia or hyperuricosuria or both and
who were known multiple or recurrent stone formers dis-
continued prophylaxis because of drug intolerance within
1 month of therapy. These patients were given placebo and
were followed at 6-month intervals and formed the un-
treated control group 1. Control group 2 constituted 53 pa-
tients (21.5%) who were first-time stone formers with mild
hypocitraturia with or without hyperuricosuria who were
not put on prophylactic therapy and were followed with
conservative treatment with placebo at 6-month intervals
for the same period of 3.16+0.08 years. Group 3 constituted
133 patients (54.8%) who were known multiple or re-
current stone formers who were treated (Urikind-KM6)
with 1,100-mg potassium citrate, 375-mg magnesium cit-
rate, and 20-mg pyridoxine hydrochloride/5 mL every 8
hours and were followed at 6-month intervals for 3.16+0.08
years.

Careful history was taken for evidence of new stone for-
mation before and during treatment. Patients with
Addison’s disease, uncontrolled diabetes, or severe heart
disease were excluded from the study. Patients on anti-
spasmodics, angiotensin-converting enzyme inhibitors
like lisinopril, angiotensin blockers like losartan, cortico-
steroids, and nasal decongestants (e.g., amphetamine,
pseudoephedrine) were also excluded from the study. New
stone formation represented spontaneous passage of
stones in the absence of preexisting stones, stone passage
occurring without a change in the number of stones, ap-
pearance of new stones on roentgenograms, or surgical re-
moval or other therapies for newly formed stones.
Metabolic evaluation was postponed in surgically active
stone formers with renal colic, obstruction, or infection for
at least 4 weeks after surgical therapy.

Among the 247 patients, 201 patients (81.4%) were in the
idiopathic hypocitraturia group, and 46 patients (18.6%)
were in the hypocitraturia and hyperuricosuria group. All
patients were encouraged to increase their fluid intake (>3
L/d) to ensure an equal amount of output. Only patients
with calcium oxalate, calcium phosphate, or mixed calcium
oxalate and phosphate stones were included in this study.

A total of 133 patients (54.8%) received liquid potassium
magnesium citrate and vitamin B-6 prophylaxis (Urikind-
KMBS6) in a dosage of 1,100-mg potassium citrate, 375-mg
magnesium citrate, and 20-mg pyridoxine hydrochloride/5
mL dose every 8 hours. Patients with diabetes received sor-
bitol base. The maximum period of follow-up was 38
months. Twenty-four-hour urinary estimation of pro-
moters and inhibitors (calcium, magnesium, sodium, po-
tassium, uric acid, citrate, oxalate, and phosphorus), uri-
nary pH, and volume was also performed. Serum analysis
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TABLE 1. Pretreatment and control group values of serum and 24-hour urinary variables
Variable Normal value  Group 1 (n=61) Group 2 (n=53) Group 3 (n=133) p-value
Serum
Calcium (mg/dL) 8.3-10.2 9.17+0.25 9.13+£0.21 9.15+0.27 NS
Phosphrus (mg/dL) 2.5-4.6 2.91+0.16 2.96+0.21 2.94+0.23 NS
Uric acid (mg/dL) 4.0-7.0 5.71+0.26 5.68+0.27 5.70+0.26 NS
Albumin-globulin ratio 1.0-1.8 1.41+0.04 1.42+0.07 1.41+0.05 NS
Sodium (mEq/L) 135-145 138.24+0.20 138.38+0.41 138.32+0.32 NS
Potassium (mEq/L) 3.56-5.0 4.45+0.05 4.43+0.11 4.44+0.08 NS
Bicarbonate (mmol/L) 22-29 26.66+0.28 26.5+0.56 26.58+0.44 NS
Ambulatory 24-hour urinary value
Volume (mL) 1,500 >1,500 >1,500 >1,500
Urinary pH 5.5-6.5 5.56x0.12 5.61+£0.32 5.62 £0.20 NS
Calcium (mg)
Male 300 298.05+8.02 294.2+22 .89 301.08+14.92 NS
Female 250 248.30+10.49 241.31+3.20 255.19+29.39 NS
Oxalate (mg) 45 41.79+2.34 40.56+3.19 41.39+2.78 NS
Uric acid (mg)
Male 800 794.15+22.45 708.06+£34.67 793.27+22.65 <0.0001?
Female 750 744.15+22.52 702.02+10.89 750.14+6.99 <0.0001°
Citrate (mg) 220-320 221.11+£10.28 246.09+13.47 221.79+13.39 <0.0001°
Magnesium (mmol) 35 2.70+£0.04 2.72+0.05 2.60+0.29 <0.0001°
Creatinine (gm) 1-2 1.30+0.43 1.31+0.46 1.27+0.45 NS

Values are presented as mean+standard deviation.
NS, not significant.
*:Significant.

was done for calcium, phosphorus, uric acid, albumin-glob-
ulin ratio, sodium, potassium, and bicarbonate during each
visit at 6 months, 12 months, 18 months, 24 months, 36
months, and 38 months and the values were compared with
baseline data.

The results are represented as least square meanz+stan-
dard error. To test the mean difference between the three
groups and to test the covariation between the three
groups, analysis of variance test and analysis of covariance
with post hoc tests was used for statistical analysis. All com-
putations were performed by using SAS 9.2 (SAS Institute
Inc., Cary, NC, USA) and IBM SPSS ver. 20.0 IBM Co.,
Armonk, NY, USA). A p-value of less than 0.05 was consid-
ered statistically significant.

RESULTS

The mean treatment period was 3.16+0.08 years. Pretreat-
ment mean serum and 24-hour urinary parameters are re-
corded in Table 1. In all patients who received potassium
magnesium citrate and vitamin B-6 prophylaxis therapy,
there were significant and sustained rises in urinary pH
and citrate and potassium levels (Table 2).

There was a sustained rise of pH from 5.62+0.2 to
6.87+0.01, which was at the high normal range and was a
statistically significant change (p<0.0001) (Fig. 1). The
urine citrate level increased from 221.79+13.39 to 604.04+
5.00 mg, which was also a statistically significant change
(p<0.0001) (Fig. 1). The urinary uric acid level decreased

from 793.27+22.65 to 748.91+7.05 mg for males and from
750.14+6.99 to 721.77+8.74 mg for females, both of which
were statistically significant (p<0.0001) (Fig. 1). Urinary
magnesium increased from 2.60+0.29 to 3.21+0.01 mg,
which was statistically significant (p<0.0001) (Fig. 1).
There was a significant difference in the incidence of stone
formation from 3.23+1.04 per patient per year in control
group 1 to 0.35+0.48 per patient per year in group 3, which
was statistically significant (p<0.0001) (Table 3).

Comparative analysis between the groups was done, and
group 3 and control group 1 varied significantly in 24-hour
urinary values like pH, citrate, uric acid in males, and mag-
nesium; these results are shown in Table 2. Other urinary
parameters were not altered and hence were not statisti-
cally significant. In the conservatively treated group
(control group 1) of 61 patients (24.7%), there was no sig-
nificant rise in pH or the citrate level and the stone for-
mation rate remained the same as before (Table 3). In con-
trol group 2, 53 patients (21.5%) who were first-time stone
formers and were not put on potassium magnesium citrate
and vitamin B-6 prophylaxis therapy had a stone formation
rate of 1.55+0.64 per patient per year with a mean follow-up
of 3.16+0.08 years (Table 3).

DISCUSSION
Our findings suggest that hypocitraturia with or without

hyperuricosuria was pathogenetically important in the
formation of calcium nephrolithiasis in these patients.
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TABLE 2. Comparison of treatment values of serum and 24-hour urinary variables in three groups (result of ANCOVA)

Variable Group 1 Group 2 Group 3 p-value
(n=61) (n =53) (n=133) Overall Glvs.G2 G2vs.G3 Glvs.G3
Serum
Calcium (mg/dL) 9.27+0.01 9.28+0.01 9.29+0.01 NS NS NS NS
Phosphorus (mg/dL) 3.11+0.02 3.10+0.02 3.13+0.01 NS NS NS NS
Uric acid (mg/dL) 5.66+0.01 5.70+0.01 5.70£0.01 <0.001* <0.001° NS <0.0001*
A/B ratio 1.41+0.002 1.40+0.003 1.41£0.002 <0.0001* <0.05" <0.001° NS
Sodium (mEg/L) 137.45+0.17 137.37+0.17 137.59+0.11 NS NS NS NS
Potassium (mEq/L) 4.41+0.008 4.44+0.008 4.44+0.005 <0.0001" <0.001° NS <0.0001*
Bicarbonate (mmol/L) 26.36+0.03 26.58+0.03 26.58+0.02 <0.0001* <0.0001" NS <0.0001*
Ambulatory 24-hour urinary value
Urinary pH 5.25+0.02 5.29+0.02 6.87+0.01 <0.0001° NS <0.0001* <0.0001°
Calcium (mg)
Male 298.42+2.53  264.02+2.60 294.21+1.54 <0.0001" <0.0001* <0.0001* NS
Female 248.03+4.30  259.94+14.77 246.18+4.26 NS NS NS NS
Oxalate (mg) 38.74+0.09 38.76+0.09 38.79+0.06 NS NS NS NS
Uric Acid (mg)

Male 795.46+11.96 759.02+20.68 748.91+7.05 <0.0001" NS NS <0.001°
Female 747.18+4.21  697.11+16.87 721.77+8.74 <0.0001"* <0.001" NS <0.05"
Citrate (mg) 220.27+7.91 248.86+12.99 604.04+5.00 <0.0001" NS <0.0001* <0.0001°
Magnesium (mmol) 2.65+0.02 2.65+0.02 3.21+0.01  <0.0001" NS <0.0001* <0.0001°

Creatinine (gm) 0.84+0.01 0.84+0.01 0.86+0.01 NS NS NS NS

Values are presented as meanzstandard error.
ANCOVA, analysis of covariance; NS, not significant.
%:Significant.

Hypocitraturia is most often idiopathic but can be secon-
dary to acid-base disorders [13]. Systemic acidosis, distal
renal tubular acidosis, hypocalciuria, and hypomagne-
semia are common acid-base disturbances that can cause
calcium oxalate urolithiasis. Furthermore, electrolyte dis-
orders [14], drugs [15,16], changes in diet [17], and other
disorders can be associated with low urine citrate [18,19].
Genetic polymorphisms of VDR and NaDc-1 genes have al-
so been linked with hypocitraturia [13]. High urinary pH
leads to increased saturation of phosphate predisposing to
urolithiasis [20]. However, a low urinary pH predisposes
to uric acid urolithiasis [21]. Pak [22] showed that adequate
citrate excretion inhibits calcium oxalate stone formation,
because it retards the crystallization of stone-forming cal-
cium salts. Lee and Moon [23] demonstrated that correc-
tion of complicated hypocitraturia (coexistence with other
metabolic abnormalities) with potassium citrate had no
clinical significance against prevention of recurrent neph-
rolithiasis. Kok et al. [24] claimed that induced hyper-
citraturia with potassium magnesium citrate and vitamin
B-6 prophylaxis enhances the inhibitor activity against
calcium oxalate crystallization by providing an alkali load
and reduces tubular reabsorption of citrate and increases
citrate excretion [14]. There is clinical and biochemical evi-
dence to prove the utility of potassium magnesium citrate
and vitamin B-6 prophylaxis therapy in these patients. The
therapy restores normal urinary citrate excretion and in-
creases urinary pH to the range optimal for the control of
calcium stone formation. Tiselius [25] claimed that urinary
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pH was kept below 7 to obviate hydroxyl apatite stone for-
mation but greater than 6 to maximize inhibitor activity
and the formation of anionic calcium complexes.

The close association between clinical and biochemical
or physicochemical responses suggests that inhibition of
stone formation was the result of potassium magnesium
citrate therapy and vitamin B-6 prophylaxis therapy rath-
er than conservative care (stone clinic effect) [26]. The rate
of recurrence in first-time stone formers (control group 2)
was almost equivalent to that in the patients selected for
potassium magnesium citrate and vitamin B-6 prophy-
laxis therapy; hence, our policy of not prescribing to
first-time stone formers is justified. Pak and Peterson [27]
showed that potassium magnesium citrate and vitamin
B-6 prophylaxis may be an alternative to allopurinol in the
management of hypeuricosuric calcium oxalate nephroli-
thiasis. Ettinger et al. [28] in their study showed that potas-
sium magnesium citrate and vitamin B-6 prophylaxis is su-
perior to potassium citrate in raising urinary pH and that
undissociated uric acid decreases; consequently, urinary
saturation of calcium oxalate decreases, which was mar-
ginal with potassium citrate alone [29].

The major causes of discontinuation of therapy in the 61
patients (24.7%) in our series were nonpalatability, nau-
sea, and vomiting. The minor side effects reported in the
literature are diarrhea, nausea, and vomiting. Major side
effects are due to overdose and include severe abdominal
pain due to peptic ulceration; confusion; breathing diffi-
culty; irregular heartbeat; nervousness; numbness or tin-
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gling in the hands, feet, or lips; weakness or heaviness of
the legs due to hyperkalemia; and serious allergic reaction
such as rash or itching or swelling of the face, tongue, and
throat. In our study, potassium magnesium citrate and vi-
tamin B-6 (Urikind-KMS6) prophylaxis was relatively free
of side effects except for occasional minor gastrointestinal
complaints, which were addressed by adding sweet flavor-
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FIG. 1. Comparitive analysis of pre- and posttreatment urinary
values.

ing and by increasing the dilution of the compound in drink-
ing water for each dose. These problems can be minimized
by use of slow-release tablet or capsule preparations.

CONCLUSIONS

The favorable results of potassium magnesium citrate and

Korean J Urol 2014;55:411-416



416 Reddy et al
TABLE 3. Stone formation rate
Parameter Group 1 (n=61) Group 2 (n=53) Group 3 (n=133) p-value
Stone formation rate 3.23x1.04 1.55+0.64 0.35+0.48 <0.0001*

Values are presented as mean+standard deviation.
“:Significant.

vitamin B-6 prophylaxis therapy as reflected in the treated
patient series reinforce our conclusion that this additional
prophylactic measure rather than the stone clinic effect
alone was largely responsible for the clinical efficacy
observed. Clinical efficacy after spontaneous passage or
compelled procedural clearance of symptomatic stones was
better in the treated patients than in the controls who un-
derwent similar procedures for their stones but in whom
potassium magnesium citrate and vitamin B-6 prophy-
laxis was either discontinued or deliberately avoided.
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