ORIGINAL ARTICLES

IMAJ - VOL 26 - JANUARY 2024

The Association of Urolithiasis with Uricosuria,
Uricemia, and their Combination

Amnon Gil MD"22, Daniel Kushnir MD'?, and Victor Frajewicki MD'?

'Department of Nephrology and Hypertension, Carmel Medical Center, Haifa, Israel
2Department of Nephrology and Hypertension, Lin Medical Center, Haifa, Israel

*Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa, Israel

ABSTRACT

KEY WORDS:

18

Background: There are conflicting data on the significance
of hyperuricemia or hyperuricosuria in urolithiasis forma-
tion and on the need for medical treatment.
Objectives: To assess the significance of hyperuricemia or
hyperuricosuria in urolithiasis formation, particularly when
hyperuricemia occurs with normal uricosuria.
Methods: The electronic medical records of patients treat-
ed in Haifa and the Western Galilee district of Clalit Health
Services, Israel, were retrospectively screened for diagno-
sis of nephrolithiasis or renal or urinary tract/bladder cal-
culi between February 2014 and April 2019. The diagnosis
was confirmed by ultrasonography or computed tomogra-
phy. The study group included patients with one of these
diagnoses. Patients in the control group did not have these
diagnoses. The inclusion criterion for all patients was the
presence of both serum and urinary uric acid levels.
Results: The study group included 359 patients and the
control group 267. After adjustment by logistic regression,
we found no significant differences in the prevalence of hy-
peruricosuria in the study group (14.8%) compared to the
control group (9.7%), odds ratio (OR) 1.54 (95% confidence
interval [95%Cl] 0.74-3.2, P = 0.245). No significant differ-
ences between the groups were observed for hyperuricemia
prevalence (45.4% vs. 55.1%, respectively, OR 0.82, 95%Cl
0.54-1.25, P = 0.355), nor among those without hyperuricos-
uria (OR 0.83, 95%CI 0.52-1.33, P = 0.438) and after propen-
sity score matching (OR 0.93, 95%Cl 0.66-1.3, P = 0.655).
Conclusions: There were no significant differences in hy-
peruricemia or hyperuricosuria between the two groups of
patients or in hyperuricemia among participants without
hyperuricosuria.
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ephrolithiasis is associated with considerable mor-

bidity and healthcare burden, including emergency
room and ambulatory visits, hospitalizations, and invasive
procedures due to renal colic episodes, urinary obstruction,
and infections [1]. A history of nephrolithiasis is associat-
ed with an increased risk of chronic kidney disease such
as end-stage kidney disease [2] and metabolic syndrome
traits [3]. The prevalence of urolithiasis is 7.8-8.8% ac-
cording to different surveys, including those using com-
puted tomography screening [4]. Urinary stones are com-
posed of calcium oxalate, calcium phosphate, and uric acid
in approximately 70%, 20%, and 8% of patients, respec-
tively [5].

Precipitating factors of uric acid stones are acidic urine
pH, reduced urinary volume, and hyperuricosuria. Hyper-
uricosuria was reported in up to 63% of 167 patients with
pure uric acid stones, but blood uric acid levels did not
correlate significantly with uric acid excretion and urinary
pH [6]. The frequency of uric acid stones, relative to oth-
er types of stones, is higher in diabetic, obese, hyperten-
sive, inflammatory bowel disease, and gout patients and
in congenital conditions, such as rare metabolic disorders
and uric acid transporter mutations that elevate urinary
uric acid levels. Acquired causes of hyperuricosuria in-
clude high dietary purine intake, increased purine metab-
olism associated with malignancy and chemotherapy, and
hyperuricosuric medications. The prevention of uric acid
stones may be achieved by diet adjustment and medical
treatment. Dietary restriction of animal protein intake, as
in the dietary approach to stop hypertension (DASH) diet,
increases urine pH and citrate content and weight loss. It
also reduces urinary uric acid excretion. Urinary alkali-
zation by enteral medication, especially citrate tablets, is
the most effective treatment of uric acid lithiasis. Some
practitioners reserve uric acid reduction medical treatment
for patients with gout or for those in whom alkalinization
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may not be effective, such as patients with bowel disease
or high urinary uric acid levels [7].

Urinary urate may precipitate calcium stones, the most
frequent type of urolithiasis, through several mechanistic
processes [8]. A prospective trial showed that uric acid
lowering treatment by xanthine oxidase inhibitors reduced
stones events in hyperuricosuric or hyperuricemic calcium
stone formers [9]. Several placebo-controlled randomized
trials demonstrated that citrate treatment reduced recurrent
stone events in calcium stone formers with and without hy-
pocitraturia [10]. Similarly, thiazide diuretics were found
to be effective in the prevention of recurrent calcium stone,
even in patients with normocalciuria [11].

There are conflicting data on the significance of hyper-
uricemia or hyperuricosuria in the formation of urolithiasis
of unknown composition and on the need of their medi-
cal treatment. In the clinical setting, where frequently the
stone composition is unknown, it is not clear whether hy-
peruricosuria, hyperuricemia, or hyperuricemia coincident
with normal uricosuria are risk factors for urolithiasis and
whether these conditions should be treated to prevent stone
formation. Considering the efficacy of the empiric treat-
ment for calcium stones, regardless of the urinary findings,
it may be assumed that uric acid lowering treatment may
prevent stones formation even when their composition is
not known or when uricosuria is normal.

We assessed the prevalence of hyperuricemia in pa-
tients with urolithiasis, compared to patients without,
while adjusting for various relevant factors, including
urinary composition, especially uricosuria. A finding
of higher prevalence of hyperuricemia in patients with
urolithiasis would support uricemia lowering treatment.
This therapy might also be given to patients with normal
uricosuria if hyperuricemia is also found to be more fre-
quent among them.

PATIENTS AND METHODS

STUDY DESIGN AND PATIENT POPULATION

The electronic medical records of patients treated in Hai-
fa and the Western Galilee district of Clalit Health Ser-
vices, the largest healthcare organization in Israel, were
retrospectively screened for diagnosis of nephrolithiasis
or renal or urinary tract/bladder calculi between February
2014 and April 2019. The study group included patients
with one of these diagnoses, and patients in the control
group did not have any of these diagnoses. Diagnoses
were confirmed according to the imaging (ultrasonogra-

phy/computed tomography) provided in the medical re-
cords. Inclusion criterion for all patients was the presence
of results of both serum and urinary uric acid levels. Eth-
ics approval was waived by the local ethics committee of
Clalit Health Services.

DEMOGRAPHIC AND CLINICAL VARIABLES

Demographic and clinical variables of the participants,
which had been assessed in the past as part of a routine
follow-up, as part of an investigation of stones disease,
or because of other unknown causes were obtained from
their medical and laboratory records and included age,
sex, socioeconomic status, ethnicity, body mass index
(BMI), presence of obesity, gout, malignancy, diabetes
mellitus, psoriasis, serum sodium, calcium, phosphorus,
uric acid, magnesium, creatinine, urea, glucose, pH and
parathyroid hormone levels, urinary sodium, calcium,
phosphorus, uric acid, magnesium, citrate, oxalate and pH
levels, presence of positive urinary culture and treatment
by citrate, allopurinol, calcium, thiazides, and vitamin D.
Because the information on stone composition was too
scant and there were too few patients with inflammatory
bowel disease or alcohol abuse, we did not include these
data in the analysis. There was no information on diet
composition or fluid intake. None of the patients had one
of the rare genetic disorders of metabolism or urate trans-
porter or used febuxostat or uricosuric medications. The
variables for each patient, which were included in the
whole analysis, were recorded in the shortest time from
the date of urinary uric acid measurement.

STATISTICAL ANALYSIS

The baseline characteristics of the two groups were com-
pared by chi-square test for categorial variables and inde-
pendent t-test or Mann-Whitney test, as appropriate, for
continuous variables. The prevalence of hyperuricosuria
(urinary uric acid > 750 mg% per day) was compared be-
tween the groups by univariable and multivariable logistic
regression, adjusted to age, sex, ethnicity, socioeconomic
status, BMI, presence of psoriasis or obesity, serum sodi-
um, calcium, phosphorus, creatinine, urea, uric acid and
glucose levels, urinary calcium and pH levels, treatment
by citrate, allopurinol, calcium, thiazides, and vitamin
D. The prevalence of hyperuricemia (serum uric acid > 6
mg%) was compared between the groups by logistic re-
gression, adjusted to age, sex, ethnicity, socioeconomic
status, BMI, presence of psoriasis or obesity, serum so-
dium, calcium, phosphorus, creatinine, urea and glucose
levels, urinary calcium, uric acid and pH levels, treatment
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by citrate, allopurinol, calcium, thiazides, and vitamin D.
The same comparison was repeated, with adjustment to the
same confounders, except of urinary uric acid, for patients
with normal urinary uric acid level (< 750 mg/day). The
variables taken for adjustment were those that are import-
ant factors influencing stone formation or uric acid levels,
reflect the hydration status of the participants, or were sig-
nificantly different between the groups. When the number
of patients with missing confounders data was too large,
these confounders were not included in the adjustment, be-
cause otherwise these patients would have been entirely
excluded from the analysis. To overcome the differences
between the groups, we ran a propensity matched analy-
sis as a sensitivity analysis. The variables included in the
propensity score were age, sex, ethnicity, socioeconomic
status, BMI, presence of gout, diabetes mellitus, obesity,
malignancy or psoriasis, serum sodium, calcium, phos-
phorus, creatinine, urea and glucose levels, urinary calci-
um and pH levels, presence of positive urinary culture and
treatment by citrate, allopurinol, calcium, thiazides, and
vitamin D. Statistical analyses were performed using IBM
Statistical Package for the Social Sciences statistics soft-
ware, version 24 (SPSS, IBM Corp, Armonk, NY, USA).
For all analyses, P<0.05 for the 2-tailed tests was consid-
ered statistically significant.

RESULTS

A total of 359 patients were included in the study group
and 267 in the control group. The characteristics of the
participants are shown in Table 1. Stones were found in
the kidneys or ureters and in some of the patients also
in the urinary bladder. In eight patients the stones were
just in the urinary bladder. Hyperuricosuria was found
in 14.8% of the study group and in 9.7% of the control
group (P=0.061). After adjustment to the confounders,
independent risk factors for hyperuricosuria were age,
sex, BMI, urinary calcium, treatment by allopurinol
and gout. The odds ratio (OR) for hyperuricosuria in
the study group compared to the control group was 1.54
(95% confidence interval [95%CI] 0.74-3.2) but without
significance (P= 0.245). Hyperuricemia was observed in
45.4% of the study-group patients and in 55.1% of the
control-group (P = 0.016) [Figure 1]. After adjustment
to the confounders, independent risk factors for hyper-
uricemia (total n=536) were sex, BMI, serum creatinine,
urinary phosphorus, and treatment by allopurinol. Odds
ratio for hyperuricemia in the study group compared to
the control group was 0.82 (95%CI 0.54-1.25) without

significance (P = 0.355). Among patients without hy-
peruricosuria, a higher percentage of hyperuricemia was
found in the control group: 55.2%, compared to 42.2%
in the study group. The OR was 0.59 (95%CI 0.42-0.83,
P =0.02) [Figure 2], but after adjustment, OR was 0.83
(95%C10.52-1.33, P=0.438, total N=471) and after pro-
pensity matched analysis OR was 0.93 (95%CI 0.66-1.3,
P=0.655, n of each group = 157). Independent risk fac-
tors for hyperuricemia included sex, BMI, socioeconom-
ic status, serum calcium and creatinine and urinary calci-
um and phosphorus.

DISCUSSION

The mean age of our study group was 55 years, which is
slightly younger compared to the U.S. National Health
and Nutrition Examination Survey data. That data showed
that the highest prevalence of urolithiasis was between the
ages of 60 and 69 years. Low socioeconomic status was
more prevalent among our stones patients, and most were
males, which is consistent with previous surveys [12].
The higher prevalence of males in the control group than
in the general population may reflect the predominance
of males among gout patients and the high prevalence
of gout among the control participants (12.4%), which is
higher than in the general population. For example, gout
prevalence was reported to be 3.9% in the United States
in 2007-2008, although it may have increased given the
known tendency of increasing prevalence of gout over
the years). The prevalence of hyperuricemia among both
groups was higher than in the general population (21%)
[13]. The presence of serum and urinary uric acid lev-
els was the inclusion criterion for this study. These pa-
rameters, especially urinary uric acid, are not routinely
evaluated unless there is an indication, such as history of
gout. Therefore, the control group included patients with
gout and hyperuricemia at a higher percentage than in the
general population. The prevalence of gout in the study
group was similar to previous reports among recurrent
nephrolithiasis patients (8.6%) [14].

The mean urinary uric acid level of the study group
was higher than in the control group, but after adjust-
ment to the different variables, hyperuricosuria preva-
lence among the urinary-stones patients (14.8%) was
not found to be significantly higher than in the control
group. Greater prevalence of hyperuricosuria among
kidney stones patients was also not observed in a previ-
ous cross-sectional study [15]. However, it was found to
be much more prevalent among uric acid stone patients
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Table 1. Characteristics of participants

Stones

Characteristics No Yes P-value

Mean * SD/n N Mean = SD/n N
Age in years 59.3+16.3 267 55.0 £ 16.1 359 0.001
Male sex (%) 166 (62.2) 267 233 (64.9) 359 0.482
Body mass index kg/m2 284+53 267 28453 359 0.949
Jewish ethnicity (%) 238(89.1) 267 296 (82.5) 359 0.019
Socioeconomic status (%)
Low 92 (34.5) 152 (42.3)
Middle 131 (49.1) 267 141 (39.3) 359 0.047
High 44.(16.5) 66 (18.4)
Serum sodium mEgq/L 140.7 + 2.8 267 140.8 £2.2 359 0.368
Serum magnesium mg/dl 2.02+0.28 144 2.04 +0.21 181 0.506
Serum phosphorus mg/dl 3.5+0.71 265 3.4£0.62 359 0.027
Serum calcium mg/dl 9.47 £ 0.57 267 9.58 £ 0.42 358 0.015
Serum uric acid mg/dl 631+1.8 267 5.93+1.8 359 0.010
Serum creatinine mg/dl 1.21 £0.88 267 1.02 £ 0.56 359 0.01
Serum urea mg/dl 43.2+28.2 267 37.3£19.6 359 0.02
Serum glucose mg/dl 109.3 +33.4 267 107.3+31.2 359 0.435
Plasma pH 7.39 +0.07 54 7.37 £ 0.07 47 0.164
Parathyroid hormone pg/ml 53.3+76.9 147 35.1£24.5 244 0.395
Urinary uric acid mg/dl 480.2 £ 233.7 267 540.0 £ 231.6 359 < 0.0001
Urinary calcium mg/dl 134.0 £107.6 204 176.9 £ 114.8 229 < 0.0001
Urinary magnesium mg/dl 99.7 +38.2 41 108.0 £ 52.5 140 0.424
Urinary phosphorus mg/dl 677.1 + 348.9 157 751.0 £ 342.4 294 0.009
Urinary sodium meq/dl 155.2+ 955 88 173.1 +86.8 139 0.072
Urinary citrate mg/dl 487.9 +299.7 49 506.6 + 337.4 244 0.888
Urinary oxalate mg/dl 26.4+10.3 55 29.9+18.4 245 0.706
Urinary pH 6.1+ 0.64 238 6.1+0.68 301 0.725
Positive urinary culture (%) 38 (15.3) 196 52 (15.2) 342 0.997
Citrate tablets (%) 7(2.6) 267 39(10.9) 359 < 0.0001
Allopurinol (%) 94(35.2) 267 88 (24.5) 359 0.004
Calcium tablets (%) 150 (56.2) 267 162 (45.1) 359 0.006
Thiazides (%) 81 (30.3) 267 83(23.1) 359 0.042
Vitamin D tablets (%) 190 (71.2) 267 226 (63.0) 359 0.031
Gout (%) 33(12.4) 267 25 (7.0) 359 0.021
Obesity (%) 112 (41.9) 267 134 (37.3) 359 0.242
Psoriasis (%) 13 (4.9) 267 10(2.8) 359 0.171
Malignancy (%) 73 (27.3) 267 77 (21.4) 359 0.088
Diabetes mellitus (%) 98 (36.7) 267 113 (31.5) 359 0.171

SD = standard deviation
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Figure 1. Unadjusted prevalence of serum uric acid (UA) level > 6 mg%
and urinary uric acid (UUA) level > 750 mg/d among patients without
urolithiasis (control group) and in patients with urolithiasis (study group)

Figure 2. Unadjusted prevalence of serum uric acid (UA) level > 6 mg%
among patients without hyperuricosuria and without urolithiasis
(control group) or with urolithiasis (study group)

#P=0.061
*P=0.017
B UUA above 750 mg%
UA above 6 mg%
60

55.1

50

40

X 30

20

10

Control Study

(63%) [6] and among calcium stone patients (40%) [16].
In addition, urolithiasis was more prevalent among gouty
patients as their urinary uric acid level increased [17].

There were some significant differences in serum pa-
rameters between the groups in our study, including uric
acid levels, but these differences were too small to have
clinical significance. Hyperuricemia was less frequent in
the study group than in the control group, although not
significantly, after adjustment for confounders. In a large
previous study, no significant association was found be-
tween increasing serum uric-acid and urolithiasis [18].
In contrast, other studies did find an association between
hyperuricemia and nephrolithiasis [17,19,20]. Male gen-
der was found to be a significant risk factor for hyperuri-
cemia in our study as in a previous study [14].

After adjustment for confounders and propensity score
matching, we found no significant difference between
hyperuricemia prevalence in participants of either group
without hyperuricosuria. There is no information in pre-
vious studies on this subpopulation.

There are some limitations to our study. Since it is a
retrospective epidemiological study, patient treatment
included medications that might influence metabolic
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variables and stone formation. In addition, information
on the stones composition was available for only a small
minority of the patients and thus this information was not
included. Nevertheless, this lack of data is common in re-
al-world clinical situations. There was no information on
the diet of the participants, nor on their fluid intake. The
presence of uric acid levels in the serum and urine was
an inclusion criterion; however, these parameters are not
routinely evaluated. In addition, due to the relatively low
prevalence of stones, the study was not a cohort study
that could assess the prevalence of urolithiasis among hy-
peruricemic or hyperuricosuric patients. This limitation
introduced bias that caused relatively frequent hyperuri-
cemia in our study population.

The strengths of this study include the meticulous con-
firmation of the presence or absence of urolithiasis in the
imaging of patients in the study and control groups and the
detailed data of the different variables that were collected,
including the relevant urinary parameters and treatments,
for which multivariable adjustment was made.

CONCLUSIONS

We did not find significant differences in hyperuricemia or
hyperuricosuria between patients with urolithiasis whose
composition is unknown and those without urolithiasis.
We also did not find differences in hyperuricemia between
participants of both groups without hyperuricosuria. Fur-
ther studies, including cohort prospective studies are re-
quired to observe the rate of urinary stones among patients
with hyperuricemia and with or without hyperuricosuria,
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and to observe the efficacy of treatment of hyperuricemia
or hyperuricosuria in these different conditions.

ACKNOWLEDGMENTS
We gratefully acknowledge Ms. Nili Stein’s assistance with the statistical
analysis.

Correspondence

Dr. A. Gil

Dept. of Nephrology and Hypertension, Carmel Medical Center, Haifa
3436212, Israel

Phone: (972-4) 825-0491

Fax: (972-4) 825-0698

Email: amnongil@clalit.org.il

References

1. Pearle MS, Calhoun EA, Curhan GC; Urologic Diseases of America
Project. Urologic diseases in America project: urolithiasis. J Urol 2005;
173 (3): 848-57.

2. Alexander RT, Hemmelgarn BR, Wiebe N, et al. Kidney stones and
kidney function loss: a cohort study. BMJ 2012; 345: 5287.

3. Rams K, Philipraj Sj, Purwar R, Reddy B. Correlation of metabolic
syndrome and urolithiasis: A prospective cross-sectional study. Urol
Ann 20205 12 (2): 144.

4. Boyce CJ, Pickhardt PJ, Lawrence EM, Kim DH, Bruce R]. Prevalence
of urolithiasis in asymptomatic adults: objective determination using
low dose noncontrast computerized tomography. J Urol 2010; 183 (3):
1017-21.

5. Siener R. Nutrition and kidney stone disease. Nutrients 2021; 13 (6):
1917.

6. Strohmaier WL, Wrobel BM, Schubert G. Overweight, insulin resistance
and blood pressure (parameters of the metabolic syndrome) in uric acid
urolithiasis. Urol Res 2012; 40 (2): 171-5.

7. Heilberg IP. Treatment of patients with uric acid stones. Urolithiasis
2016; 44 (1): 57-63.

8. Moe OW, Xu LHR. Hyperuricosuric calcium urolithiasis. J Nephrol
2018; 31 (2): 189-96.

9. Smith MJ. Placebo versus allopurinol for renal calculi. ] Urol 1977; 117
(6): 690-2.

10. Phillips R, Hanchanale VS, Myatt A, Somani B, Nabi G, Biyani CS. Citrate
salts for preventing and treating calcium containing kidney stones in
adults. Cochrane Database Syst Rev 2015; 2015 (10): CD010057.

11. Goldfarb DS. Empiric therapy for kidney stones. Urolithiasis 2019; 47
(1):107-13.

12. Scales CD, Smith AC, Hanley JM, Saigal CS. Prevalence of kidney stones
in the United States. Eur Urol 2012; 62 (1): 160-5.

13. Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia in the
US general population: the National Health and Nutrition Examination
Survey 2007-2008. Arthritis Rheum 2011; 63 (10): 3136-41.

14. Kramer HM, Curhan G. The association between gout and
nephrolithiasis: the National Health and Nutrition Examination Survey
111, 1988-1994. Am ] Kidney Dis 2002; 40 (1): 37-42.

15. Curhan GC, Taylor EN. 24-h uric acid excretion and the risk of kidney
stones. Kidney Int 2008; 73 (4): 489-96.

16. Sakhaee K, Maalouf NM, Sinnott B. Clinical review. Kidney stones
2012: pathogenesis, diagnosis, and management. J Clin Endocrinol
Metab 2012; 97 (6): 1847-60.

17. Yu T, Gutman AB. Uric acid nephrolithiasis in gout. Ann Intern Med
1967; 67 (6): 1133.

18. Narang RK, Gamble GG, Topless R, et al. Assessing the relationship
between serum urate and urolithiasis using mendelian randomization:
an analysis of the UK biobank. Am ] Kidney Dis 2021; 78 (2): 210-18.

19. Kim S, Chang Y, Yun KE, et al. Development of nephrolithiasis in
asymptomatic hyperuricemia: a cohort study. Am J Kidney Dis 2017;
70 (2): 173-81.

20. Tanaka Y, Hatakeyama S, Tanaka T, et al. The influence of serum uric
acid on renal function in patients with calcium or uric acid stone: a
population-based analysis. PLoS One 2017; 12 (7): e0182136.

Antigenicity and receptor affinity of SARS-CoV-2 BA.2.86 spike

A severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) Omicron subvariant, BA.2.86, has
emerged and spread to numerous countries worldwide,
raising alarm because its spike protein contains 34
additional mutations compared with its BA.2 predecessor.
Wang et al. examined its antigenicity using human
sera and monoclonal antibodies (mAbs). Reassuringly,
BA.2.86 was no more resistant to human sera than the
currently dominant XBB.1.5 and EG.5.1, indicating that
the new subvariant would not have a growth advantage
in this regard. Importantly, sera from people who had
XBB breakthrough infection exhibited robust neutralizing
activity against all viruses tested, suggesting that
upcoming XBB.1.5 monovalent vaccines could confer

added protection. Although BA.2.86 showed greater
resistance to mAbs to subdomain 1 (SD1) and receptor-
binding domain (RBD) class 2 and 3 epitopes, it was
more sensitive to mAbs to class 1 and 4/1 epitopes in
the ‘inner face’ of the RBD that is exposed only when this
domain is in the ‘up’ position. The authors also identified
six new spike mutations that mediate antibody resistance,
including E554K that threatens SD1 mAbs in clinical
development. The BA.2.86 spike also had a remarkably
high receptor affinity. The ultimate trajectory of this new
SARS-CoV-2 variant will soon be revealed by continuing
surveillance, but its worldwide spread is worrisome.
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