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Objectives. To disclose the link between the composition of urolithiasis, especially that of uric acid calculi, and obesity, prediabetes,
type 2 diabetes mellitus, and hypertension. Materials and Methods. Patients who had urinary calculi and underwent surgical
treatment were registered in the study. The composition of urinary calculi was analyzed and correlated with clinical features and
biomedical profiles of the patients before surgical intervention. Results. A total of 666 patients with urolithiasis who underwent
surgical management were registered and analyzed. In those who had uric acid calculi, there was a significant association with
prediabetic (OR: 20.11, 95% CI: 7.40-54.63, P < 0.001) and diabetic states (OR: 11.55, 95% CI: 4.41-29.97, P < 0.001). It also seemed
that uric acid calculi were related to obesity but there was no statistical significance (OR: 2.45, 95% CI: 0.91-6.62, P = 0.078).
There was no association of uric acid calculi with hypertension (OR: 1.08, 95% CI: 0.54-2.17, P = 0.822) and concurrent urinary
tract infection (OR: 0.93, 95% CI: 0.44-1.96, P = 0.841). Conclusion. There was a remarkable association of uric acid calculi
with prediabetic and diabetic states. The uric acid calculi were also seemingly associated with obesity in patients with urolithiasis

undergoing surgical management.

1. Introduction

It was noticeable that the prevalence of urolithiasis has
been rising globally over the past decades [1, 2], along
with the upward trend in prevalence of obesity, impaired
glucose tolerance, and diabetic states [3, 4]. Though not
fully explained, it was disclosed that diabetic states were
remarkably associated with increased risk of urinary stone
disease [5, 6]. In addition to diabetes, it was reported that
obesity, hyperlipidemia, hyperuricemia, and hypertension
(HTN) could be the risk factors of developing urolithiasis
[6-10]. Further investigation revealed that type 2 diabetes
mellitus (T2DM) and high body mass index (BMI) were
particularly attributed to uric acid calculi formation [11-13].

Besides, a recent study indicated that increased levels of
calcium, oxalate, and uric acid, known as risk factors for
developing urolithiasis, were observed in the urinary excre-
tion of the obese population, while the urinary concentration
of citrate, which prevented urinary stone formation, was also
increased in the same population [14]. The role of urinary
stone composition in these metabolic disorders remains
obscure and further investigation is required.

In this study, we aimed to investigate the association
of calculi composition, particularly that of uric acid calculi
with obesity and prediabetic and diabetic states as well as
HTN in patients who underwent surgical management for
urolithiasis.
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2. Materials and Methods

2.1. Subjects and Experimental Protocol. This retrospective
study was conducted in Far Eastern Memorial Hospital
(FEMH) during July 2015 to July 2016. The study was reviewed
and approved by the research ethics review committee of
FEMH and was conducted in accordance with the Declara-
tion of Helsinki in 1964. All adult Taiwanese patients (more
than 20 years old) who had urinary calculi and received
surgical treatment were registered in this investigation. The
stone or stone fragments were extracted and analyzed for
chemical composition. If a patient had repeated examination
for chemical composition of urinary calculi, results of the
first exam were adopted for data collection and analysis.
Besides, the clinical data, including patient age, gender,
BMI, preoperative laboratory survey [such as plasma glu-
cose, glycated hemoglobin (HbAlc), serum creatinine, and
routine urinalysis], personal history of T2DM and HTN,
and medication use for T2DM and HTN, were collected
via the electronic chart review. The calculation of BMI
depended on the patient’s weight and height [BMI = weight
(kg)/height (m?)]. Obesity was considered if a patient had
a BMI of 30kg/m* or more. The diagnostic criteria of
prediabetes and T2DM were complied with the guideline of
American Diabetes Association (ADA) [15, 16]. Prediabetes
was considered if a patient was found to have impaired fasting
glucose (a plasma glucose level more than 100 mg/dL but
less than 126 mg/dL) or impaired glucose intolerance (an
HbAIc level more than 6.0% but less than 6.5%) with neither
oral hypoglycemic agents (OHAs) use nor insulin therapy.
T2DM was considered if a patient had a plasma glucose level
of 126 mg/dL and more and an HbAIlc level of 6.5% and
more or underwent medical treatment of OHAs or insulin
on admission. HTN was considered if a patient had at least
2 consecutive measures of systolic/diastolic blood pressures,
being 140/90 mmHg and more, or had a history of HTN
with/without use of antihypertensive agents on admission.
Furthermore, urinary tract infection was considered if patient
had any infectious symptoms or signs (such as fever, dysuria,
increased urinary frequency, and urine incontinence), pyuria
and bacteriuria found on urinalysis, or positive result of urine
culture collected before operation. The biochemical labora-
tory profiles were determined by the automated chemistry
(Hitachi 911, Roche, MN, USA) or urine analyzers (Clinitek
Atlas, Siemens, IN, USA), all according to the manufacturer’s
protocols. The chemical composition of urinary calculi was
analyzed by the Fourier transform infrared spectroscopy
(FTIR 4100, Jasco, MD, USA). The calculi composition of
50% and more was considered predominant; otherwise, it was
considered as mixed type.

2.2. Statistical Analysis. All data were presented as median
(interquartile range, IQR) or number (percentage). The
Mann-Whitney U test was used to compare clinical variables
between groups. The association of uric acid calculi with
obesity, prediabetic and diabetic states, HTN, and con-
current urinary tract infection was initially assessed using
the univariate logistic regression analysis. To control for
confounding factors, a multivariate binary logistic regression
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analysis was further performed. The results were presented
as odds ratio (OR) with 95% confidence interval (CI). A P
value less than 0.05 was considered statistically significant.
All statistical analysis was performed using SPSS statistical
software (version 19.0; SPSS Inc., Chicago, USA).

3. Results

During the study interval, 761 patients underwent surgical
management for urinary stone diseases in FEMH and a
total of 825 extracted stones/stone fragments were sent for
composition analysis. Of these, 95 patients were excluded
because of incomplete clinical data, and 666 patients were
eventually recruited for analysis. The baseline features of
patients who underwent surgical management for urinary
stone diseases were described in Table 1. In the study
population, the median age was 55 years and the male gender
accounted for 69.4% (n = 462). Besides, 112 (16.8%) of the
participants had obesity (BMI of 30 kg/m* and more) and
348 (52.3%) were overweight (BMI of 24 kg/m2 and more
but less than 30 kg/mz), whereas 206 (30.9%) had a BMI less
than 24 kg/m?. Among these patients undergoing surgical
management for urolithiasis, 69 (10.4%) were found to have
prediabetes with impaired fasting glucose and 149 (22.4%)
had type 2 diabetes mellitus with dietary control or oral
antihyperglycemic agents or insulin therapy, whereas 259
(38.9%) had HTN with or without antihypertensive medica-
tion use. Meanwhile, 184 (27.6%) with urinary stone disease
were found to have concurrent urinary tract infection before
surgical management. The median serum creatinine of this
study population was 0.97 mg/dL. Both the median plasma
glucose and HbAIc levels were significantly higher in the
diabetic and prediabetic group than those in the nondiabetic
group (P < 0.001). Furthermore, the median systolic and
diastolic blood pressures were significantly higher in the
hypertensive group than that in the nonhypertensive group.
Among the study population, those who had calcium oxalate
calculi accounted for 63.5% (n = 423) and who had calcium
phosphate calculi accounted for 26.1% (n = 174), whereas
those who had uric acid calculi accounted for 6.9% (n =
46). Additionally, 11 had magnesium ammonium phosphate
calculi, 3 had protein calculi (including cystine), and still 9
had mixed type of urinary stones.

As listed in Table 2, multivariate logistic regression analy-
sis was performed for realizing the association of urolithiasis
composition with HTN, obesity, and prediabetic and diabetic
states. It was revealed that there was no association of calcium
calculi with obesity (OR: 0.65, 95% CI: 0.29-1.45, P = 0.287),
overweight (OR: 0.92, 95% CI: 0.48-1.76, P = 0.803), and
HTN (OR: 1.07, 95% CI: 0.60-1.91, P = 0.823) in patients who
had urinary stone disease. The presence of calcium calculi
was significantly inversely associated with prediabetic (OR:
0.08, 95% CI: 0.04-0.17, P < 0.001) and diabetic states (OR:
0.21, 95% CI: 0.11-0.42, P < 0.001). The calcium calculi were
further classified into calcium oxalate and calcium phosphate
calculi for analysis. In patients with calcium oxalate calculi,
there was a marked inverse association with prediabetic states
(OR: 0.51, 95% CI: 0.30-0.87, P = 0.013). In contrast, there
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TABLE I: Baseline characteristics in patients who underwent surgical
management for urolithiasis.

Variables Values P value

Age (year) 55 (46-63)

Gender (male/female) 462/204

BMI (kg/m?*)

230 112 (16.8%)
30 > BMI 2 24 348 (52.3%)
<24 206 (30.9%)

Underlying disorders
Impaired fasting glucose 69 (10.4%)

Type 2 diabetes mellitus 149 (22.4%)
Hypertension 259 (38.9%)

Concurrent UTI 184 (27.6%)

Serum creatinine (mg/dL) 0.97 (0.75-1.13)

Plasma glucose (mg/dL) P < 0.001
Diabetic and prediabetic 138 (114-172)
Nondiabetic 102 (92-118)

HbAlc (%) P <0.001
Diabetic and prediabetic 6.8 (6.4-7.8)
Nondiabetic 5.7 (5.4-5.9)

Systolic blood pressure (mmHg) P < 0.001
Hypertensive 146 (133-158)
Nonhypertensive 131 (121-141)

Diastolic blood pressure (mmHg) P < 0.001
Hypertensive 85 (75-95)
Nonhypertensive 80 (72-88)

Predominant composition of urolithiasis
Calcium oxalate 423 (63.5%)

Calcium phosphate 174 (26.1%)
Uric acid 46 (6.9%)
Magnesium ammonium phosphate 11 (1.7%)
Cystine 1(0.2%)
Other protein calculi 2(0.3%)
Mixed type 9 (1.4%)

Data were presented as median (interquartile range, IQR) or number
(percentage). BMI, body mass index; UTI, urinary tract infection.

was a remarkable association with HTN (OR: 1.53, 95% CI:
1.03-2.28, P = 0.037) and a significant inverse association
with prediabetic (OR: 0.46, 95% CI: 0.24-0.91, P = 0.025) and
diabetic states (OR: 0.42, 95% CI: 0.25-0.70, P = 0.001) in
patients who had calcium phosphate calculi. Furthermore, in
those who had uric acid-predominant urinary stone disease,
there was a remarkable association with prediabetic (OR:
20.11, 95% CI: 740-54.63, P < 0.001) and diabetic states
(OR: 11.50, 95% CI: 4.41-29.97, P < 0.001). Additionally,
it revealed that obesity was seemingly associated with uric
acid calculi, but with no statistical significance (OR: 2.45,
95% CI: 0.91-6.62, P = 0.078). There was no obvious
relationship between uric acid calculi and HTN (OR: 1.08,
95% CI: 0.54-2.17, P = 0.822). Besides, in patients who
had urinary stone disease accompanied with urinary tract
infection, there was a significant inverse association with

the presence of calcium oxalate calculi (OR: 0.56, 95% CI:
0.39-0.80, P = 0.002). There was no association of uric acid
calculi with concurrent urinary tract infection (OR: 0.93, 95%
CI: 0.44-1.96, P = 0.841).

4. Discussions

Our main finding indicated that patients who had uric acid
calculi were associated with prediabetic and diabetic states.
The presence of uric acid calculi was not a risk factor of
HTN or concurrent urinary tract infection in urolithiasis. To
the best of our knowledge, this was the first investigation to
elucidate the relationship of uric acid calculi to prediabetes
and T2DM in the Taiwanese population.

Uric acid calculi are uncommon in the US, accounting for
7-10% of the urolithiasis subjected to analysis [17]. However,
it was reported that the prevalence of uric acid calculi
was higher in certain countries, including Israel (22-39.5%),
Pakistan (28%), Germany (25%), Thailand (20%), and Japan
(16%) [18-23], or in certain populations such as Americans
of Asian descent (50%) [24]. Recently, there was emerging
evidence indicating that uric acid calculi became more
prevalent among patients with obesity, T2DM, and metabolic
syndrome [11, 25]. This suggested that the pathogenetic
formation of uric acid calculi could not merely be derived
from abnormalities in uric acid metabolism but also be
attributed to dietary habits and lifestyle [26, 27]. According to
the literature, uric acid calculi were associated with obesity,
metabolic syndrome, and T2DM [11-13, 28, 29]. It was
consistent with our results in which urolithiasis with uric acid
predominance was associated with prediabetic and diabetic
states. Our results further indicated that uric acid calculi
were also seemingly related to obesity, but there was not
statistically significant. There was no association of uric acid
calculi with HTN and concurrent urinary tract infection in
patients undergoing surgical management for urolithiasis.

The pathogenetic mechanisms in the formation of uric
acid urolithiasis were well-documented in principle. It was
noticeable that urinary acidification, low urinary volume, and
elevated uric acid concentration in the urine could contribute
to the generation of uric acid calculi [23]. Of these, urinary
acidification played the most crucial role in the formation
of uric acid urolithiasis. It was also indicated that less renal
ammonium excretion with low urinary pH, which could be
linked with insulin resistance, was essential for the devel-
opment in normouricosuric uric acid nephrolithiasis [29].
Further study demonstrated a strong inverse relationship
between low urinary pH and peripheral insulin resistance, in
which an increase of ammonium excretion in the urine was
caused by hyperinsulinemia, thus leading to undue urinary
acidity [30]. It was also proved that defective ammonia
production was potentially linked with insulin resistance. In
such case, increased free fatty acid in the peripheral blood
was observed in insulin resistance and thus served as an
alternative energy source for kidney cells, leading to less
consumption of glutamine and therefore reduced ammonium
production [23, 31, 32].

Our results revealed that both fasting glucose and HbAlc
levels were significantly higher in the prediabetic and diabetic
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group in comparison with nondiabetic group. However, the
median fasting glucose level was slightly higher than the
referenced normal range. This could be explained by the acute
physiological stress before undergoing surgical management
for urolithiasis in our study population, thus leading to
an increased glucose level. Similar phenomenon was also
observed in the nonhypertensive group, in which the systolic
blood pressure was slight higher than the referenced normal
range. It was also interesting that our results indicated that
calcium-predominant urolithiasis, particularly the calcium
phosphate urolithiasis, was significantly inversely associated
with prediabetic and diabetic states. According to the lit-
erature review, it was reported that diabetic patients had a
significantly lower urinary calcium level in the 24-hour urine
excretion than the nondiabetic individuals [33]. In contrast,
another investigation indicated that significantly higher con-
centrations of calcium and phosphorus were observed in the
24-hour urine excretion of diabetic patients than that of the
nondiabetic group [34]. The inverse association of calcium-
predominant urolithiasis with prediabetic and diabetic states,
however, could still not be fully explained. The most possible
explanation of such phenomenon in our investigation was
that there was certain selection bias in our study population,
or the complementary change, putting in perspective that
nearly 90% of the urolithiasis was calcium-predominant,
and meanwhile, uric acid calculi which was disclosed to be
associated with prediabetic and diabetic states as mentioned
above accounted for 6.9% only.

It has been well documented that struvite stones, also
known as magnesium ammonium phosphate, were invariably
accompanied with urinary tract infection. However, the
pathogenesis of urinary tract infection in other types of
urolithiasis, such as calcium oxalate and calcium phosphate
stones, has not been extensively surveyed. In a canine animal
study, it was reported that infection-induced urolithiasis
composed of struvite, calcium carbonate phosphate, ammo-
nium acid urate, and calcium phosphate only as well as
mixed stones with calcium oxalate and calcium phosphate
was associated with positive results in the culture of urine or
urocalculi [35]. In contrast, the urolithiasis is constituted of
mixed stones with calcium oxalate and/or calcium phosphate,
and uric acid and calcium phosphate were associated with
both negative results of urine and urocalculi cultures [35],
which was essentially compatible with our results. Never-
theless, recent studies indicated that there was an increased
incidence of mixed stones composed of calcium oxalate and
calcium phosphate cases in the culture-positive urolithiasis
[36-38]. The relationship between urine stone composition
and accompanied urinary tract infection in urolithiasis
remains controversial and further research is required.

There were several limitations in our study. First of all,
this investigation was the retrospective study design with
small case number. Hence, the causal relationship between
uric acid calculi and certain chronic disorders was inde-
terminate. Besides, it was reported that hyperuricemia and
hyperlipidemia could be significantly associated with uric
acid calculi, which was not assessed in this retrospective
study because serum uric acid and lipid profiles were not
preoperative routine examinations in patients undergoing

surgical management for urolithiasis in our hospital. Thus,
whether hyperuricemia and hyperlipidemia are confounding
variables or not for the uric acid calculi remains uncertain.
Also, patients who had uricosuric medications use, myelo-
proliferative neoplasms, congenital disorders involving uric
acid metabolisms, or other risk factors of developing uric acid
urolithiasis were not surveyed and thus the role of these risk
factors remains to be determined in this study. Furthermore,
only the relationship of calcium- and uric acid-predominant
calculi with certain chronic disorders was analyzed due to
limited number of cases of other types of urolithiasis. A
multicenter full and matched cohort research for assessing
the relationship of uric acid calculi to certain chronic diseases
could be considered.

5. Conclusion

In conclusion, our study indicated that there was a remark-
able association of uric acid calculi with prediabetic and dia-
betic states. Our results further showed that uric acid calculi
were also seemingly associated with obesity, but there was
no statistical significance. There was no obvious relationship
of uric acid calculi with HTN and concurrent urinary tract
infection in patients with urolithiasis undergoing surgical
management.
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