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Type 2 diabetes mellitus and renal stones
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Background: The incidence of urinary stone disease has shown a steep rise in recent decades along with
marked modifications in dietary habits and life- style. There has been an increased prevalence of urinary
stone disease in patients with diabetes. We took up this study to determine the association of diabetes
mellitus with kidney stones in patients undergoing surgical treatment.

Abstract

Materials and Methods: Patients presenting with renal stones for surgical management formed the study
group. Body mass index (BMI) was calculated by noting the weight and height of the patient. The extracted
stone/stone fragments were analyzed to determine the chemical composition. Urinary pH was similarly
noted in all.

Results: The mean BMI among the diabetics was 26.35 * 5.20 (range 17.75-35.60), whereas the mean BMI
among the non-diabetics was 23.41 + 2.85 (range 17.71-31.62) (P < 0.0004). The incidence of uric acid
calculi in the diabetics was significantly high (P < 0.03). The mean urinary pH among the diabetics was
5.61 = 0.36 and among the non-diabetics was 6.87 *+ 0.32, which was significantly lower (P < 0.000044).
Conclusions: There is a strong association between type 2 diabetes and uric acid stone formation. There
is also a strong association between diabetes mellitus, BMI, and also with lower urinary pH.
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INTRODUCTION that occurred in all Western and westernized
populations, characterized by a high calorie intake

The incidence of urinary stone disease has shown  coupled with reduced physical activity.™ Similar rise

a steep rise in recent decades in all industrialized
countries,’*¥ as did the incidence of obesity, the
metabolic syndrome, and type 2 diabetes.?¢ These
epidemiologic changes have occurred along with
marked modifications in dietary habits and life- style
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in incidence of urinary stones has been subjectively
noted in many Indian centers, though the correct
data are not available. This rise in incidence could
probably be explained by the association that exists
among diabetes, obesity, and urinary stone disease.
Two recent studies have revealed an increased
prevalence of nephrolithiasis in patients with diabetes
mellitus (DM) as compared with patients without
diabetes,'*! though the exact chemical composition
of the stone was not identified. It has not been well
defined whether calcium (Ca) or uric acid (UA) stones
or both contributed to the increased prevalence of
urinary stone disease in patients with diabetes, as
alterations in urine biochemistry associated with
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obesity and type 2 diabetes may favor the formation
of UA as well as of Ca stones.!’%%!

We took up this study to determine the association
of diabetes mellitus with kidney stones in patients
undergoing surgical treatment.

MATERIALS AND METHODS

All patients presenting with renal stones for surgical
management at our hospital formed the study group.
A detailed history of these patients was recorded
which included residential address, source of water,
details of diet, previous history of stones and their
treatment. All patients underwent routine blood and
urinary examination. Urinary pH was noted with
the pH meter and urine was also sent for culture
and sensitivity. Imaging of stones was done both
with ultrasonography and X-rays. CT (Computed
tomography) was done whenever felt necessary.
Body mass index [BMI = mass (kg)/(height (m))?] was
calculated by noting the weight and height of the patient.
All these patients underwent surgical treatment to
extract the renal calculi. Surgical procedures included
open surgery, PCNL (Percutaneous nephrolithotomy)
and RIRS (Retrograde intrarenal surgery). The
extracted stone/stone fragments were analyzed to
note the chemical composition. Measures of central
tendency, standard deviation and Students ¢-test
statistical analysis were done using SPSS software
version 16.

RESULTS

During the study period July 2011 to June 2013,
250 patients with renal urolithiasis and 30 patients
with diabetes as co-morbidity with renal urolithiasis
underwent surgical extraction of the calculi. Among
the diabetics 60% were males and 40% were females,
whereas among the non-diabetics 70.09% were males
and 29.1% were females. The mean age of the diabetics
was 50.8 + 12.5 years and in the non-diabetics was
41.48 + 11.7 years. The mean BMI among the diabetics
was 26.35 +5.21 (range 17.75-35.60), whereas the mean
BMI among the non-diabetics was 23.40 + 2.85 (range
17.71-31.62). There was a significant difference in the
BMI between these groups (P < 0.0004).

Nearly all of the stones were mixed stones; however
the dominant component such as calcium and uric acid
was noted to classify the stones. Among the diabetics,
70% of the stones were calcium oxalate [Figure 1]
and 30% were uric acid calculi [Figure 2], whereas
among the non-diabetics 89% of the stones were
calcium stones and 11% were uric acid calculi. The
incidence of uric acid calculi in the diabetics was

significantly high (P < 0.03). The mean urinary pH
among the diabetics was 5.61 = 0.34 and among the
non-diabetics was 6.87 + 0.32, which was significantly
lower (P < 0.0000). The small sample size is the major
limitation of this study.

DISCUSSION

Urolithiasis is a major cause of morbidity worldwide.
Over $2 billion is spent annually toward the treatment
of stone disease in United States alone.%1” Identifying
common systemic diseases that increase the risk of
renal stone formation would help in preventing the
occurrence as well as the recurrence of these stones.
It is well known that Type 2 diabetes mellitus is
characterized by insulin resistance, a metabolic
derangement that may increase the risk of kidney
stone formation."® Insulin resistance is associated
with defects in renal ammonium production,%2%
and stone formers with diabetes may have more
acidic urine than stone formers without diabetes."
Although a low urinary pH plays a major role in the
formation of uric acid kidney stones,?2?% a defect in
renal acid excretion also could lead to hypocitraturia,
an important risk factor for calcium stones.!?42%
In addition, the compensatory hyperinsulinemia
of insulin resistance™® may increase the urinary
excretion of calcium.26-28

Despite the compelling evidence of insulin resistance
on urine composition, data on the potential association
between diabetes and nephrolithiasis are sparse.
Meydan et al. reported that the prevalence of stone
disease in subjects with diabetes was 21%, compared to
8% (P < 0.05) in non-diabetic controls.' Family history
and male gender were significant risk factors for the
development of urinary stones in the diabetic patients.
Alcohol consumption was a significant risk factor for
the development of urinary stones in diabetics (odds
ratio 3.68; 95% confidence interval 1.29-10.45;
P < 0.05). However, this study did not adjust for body
mass index, an important risk factor for both diabetes
and nephrolithiasis.['® Very few prospective studies
have evaluated the association between diabetes
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Figure 1: Uric acid calculi
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Figure 2: Calcium oxalate calculi

mellitus and the risk of kidney stones. Taylor et al./*"
evaluated the relation between DM and prevalent
kidney stones, in a cross-sectional study of three
large cohorts including over 200,000 participants: The
Nurses’ Health Study I (older women), the Nurses’
Health Study II (younger women), and the Health
Professionals Follow-up Study (men). They also
prospectively studied the association between DM
and incident nephrolithiasis over a combined 44 years
of follow-up. They reported that at baseline, the
multivariate relative risk of prevalent stone disease
in individuals with DM compared to individuals
without was 1.38 (95% CI 1.06-1.79) in older women,
1.67 (95% CI 1.28-2.20) in younger women, and
1.31 (95% CI 1.11-1.54) in men. Prospectively, the
multivariate relative risk of incident kidney stone
formation in participants with DM compared to
participants without was 1.29 (95% CI 1.05-1.58)
in older women, 1.60 (95% CI 1.16-2.21) in younger
women, and 0.81 (95% CI 0.59-1.09) in men.
The multivariate relative risk of incident DM in
participants with a history of kidney stones compared
to participants without was 1.33 (95% CI 1.18-1.50)
in older women, 1.48 (95% CI 1.14-1.91) in younger
women, and 1.49 (95% CI 1.29-1.72) in men.
They concluded that DM was a risk factor for the
development of kidney stones, independent of age,
BMI, thiazide diuretic use, and diet.

There has been a general hypothesis that type 2
diabetes may be associated with an increased risk for
formation of uric acid (UA) stones. Insulin resistance,
characteristic of the metabolic syndrome and type 2
diabetes results in lower urine pH through impaired
kidney ammoniagenesis. A low urine pH is the main
factor of uric acid (UA) stone formation, and it is for
this reason that type 2 diabetes should favor the
formation of UA stones.

Our study shows an increased incidence of uric
acid calculi among the diabetics as compared to
non-diabetics (P < 0.03). Daudon et al.?” analyzed a
series of 2464 calculi from 272 (11%) patients with
type 2 diabetes and 2192 without type 2 diabetes.
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The proportion of UA stones was 35.7% in patients
with type 2 diabetes and 11.83% in patients without
type 2 diabetes (P < 0.0001). Reciprocally, the
proportion of patients with type 2 diabetes was
significantly higher among UA than among calcium
stone formers (27.8 versus 6.9%; P < 0.0001). Stepwise
regression analysis identified type 2 diabetes as the
strongest factor that was independently associated
with the risk for UA stones (odds ratio 6.9; 95%
confidence interval 5.5 to 8.8). The proper influence
of type 2 diabetes was the most apparent in women
and in patients in the lowest age and body mass
index classes. The authors concluded that their data
provided epidemiologic evidence that type 2 diabetes
was significantly associated with an increased risk
for UA stone formation, because the proportion of UA
stones was strikingly higher in stone formers with
than without diabetes. These findings suggest that
UA nephrolithiasis should be considered as possibly
reflecting a state of insulin resistance rather than
simply UA stone formation. Accordingly, onset of UA
nephrolithiasis in a patient should prompt a check for
type 2 diabetes and the components of the metabolic
syndrome, especially in overweight patients.

Cameron et al.®” took up a study to identify the
metabolic features that placed patients with type 2
diabetes at increased risk for uric acid nephrolithiasis.
Three groups of individuals were recruited for
this outpatient study: Patients who had type 2
diabetes and were not stone formers (n = 24),
patients who did not have diabetes and were uric
acid stone formers (UASF; n = 8), and normal
volunteers (NV; n = 59). Participants provided a fasting
blood sample and a single 24-h urine collection for
stone risk analysis. Twenty-four hour urine volume and
total uric acid did not differ among the three groups.
Patients with type 2 diabetes and UASF had lower 24-h
urine pH than NV. Urine pH inversely correlated with
both body weight and 24-h urine sulfate in all groups.
Urine pH remained significantly lower in patients with
type 2 diabetes and UASF than NV after adjustment
for weight and urine sulfate (P < 0.01). Our study
too revealed a lower urinary pH among diabetics as
compared to non-diabetics (P < 0.000). For a given
urine sulfate, urine net acid excretion tended to be
higher in patients with type 2 diabetes versus NV.
With increasing urine sulfate, NV and patients with
type 2 diabetes had a similar rise in urine ammonium,
whereas in UASF, ammonium excretion remained
unchanged. The authors concluded that the main
risk factor for uric acid nephrolithiasis in patients
with type 2 diabetes was a low urine pH. Higher body
mass and increased acid intake could contribute to
but cannot entirely account for the lower urine pH in
patients with type 2 diabetes.
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CONCLUSIONS

There is a strong association between type 2 diabetes
and uric acid stone formation. There is also a strong
association between diabetes mellitus, BMI, and
also with lower urinary pH. It is proposed that uric
acid urolithiasis may be added to the conditions that
potentially are associated with insulin resistance.
It would also make it necessary to screen all patients
with uric acid urolithiasis, especially if overweight
for type 2 diabetes or components of the metabolic
syndrome.
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