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Abstract The prevalence and incidence of urinary stone

disease have been reported to be associated with body

weight and body mass index (BMI). The aim of the study

was to determine the difference in stone components

among different BMI groups in patients with urolithiasis.

Between Dec 2005 and Jan 2008, 907 urinary calculi were

collected and analyzed by infrared spectroscopy. Most of

the stones had been passed spontaneously, and some were

collected during surgical manipulations. The data on

patients’ gender, age, BMI at diagnosis, and stone com-

position were collected. The patients were classified as

normal weight (18.5B BMI \24), overweight (24B BMI

\27), or obese (BMI C27). Of the 907 patients with uri-

nary stone disease, 27.7% had normal weight, 33.5% were

overweight, and 38.8% were obese. The prevalence of

calcium oxalate stones in the normal weight, overweight,

and obese groups were 23.1, 30.6, and 34.9%, respectively

(P = 0.002), and the prevalence of uric acid stones in the

different groups was 2.8, 7.2, and 7.7%, respectively

(P = 0.002). The prevalence of calcium oxalate and uric

acid stones, but not that of calcium phosphate stones,

increased with body size. There was a significant correla-

tion between BMI and uric acid stones in the overweight

and obesity groups, with odds ratios of 3.28 and 4.35,

respectively. The prevalence and incidence of urinary stone

disease were found to be associated with BMI. The per-

centage of uric acid and calcium oxalate stones was higher

in obese than in non-obese patients. There was no apparent

difference in the prevalence of calcium phosphate stones

between obese and non-obese patients.
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Introduction

Urinary stone disease has multifactorial causes that have

not been completely understood. The prevalence of this

disease has been increasing in the United States, as well as

in other countries, along with the increase in the rate of

obesity across many nations [1–4]. The prevalence and

incidence of urinary stone disease have been reported to be

associated with body weight and body mass index (BMI)

[5–7]. The aim of this study was to determine whether

there is difference in the components of urinary stones in

obese and non-obese patients with urolithiasis.

Materials and methods

Between 2003 and 2008, 907 urinary stones were col-

lected from 907 patients with urolithiasis admitted at two

hospitals in subtropical southern Taiwan. All stone

specimens were analyzed by infrared spectroscopy. The

diagnosis of urolithiasis was made on the basis of clin-

ical examination, ultrasonography, plain X-ray, intrave-

nous urography, and computed tomography. In most of
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the patients, stones had been passed spontaneously, with or

without requiring extracorporeal shock wave lithotripsy. In

some patients, stones were collected during surgical

manipulations, including ureterorenoscopic lithotripsy

(URSL), percutaneous nephrolithotripsy (PCNL), cysto-

litholapaxy, or open surgery. Clinical data included patients’

gender, age, BMI, and urinary stone composition. The

patients were classified as normal weight (18.5B BMI\24),

overweight (24B BMI\27), or obese (BMI C27). BMI was

calculated using the following equation: weight (kg)/

[height]2 (m2). The definitions of normal weight, over-

weight, and obesity for Asian population were established

by the World Health Organization (WHO) in 2002 [8]. For

statistical analysis, the percentage of different stone com-

ponents across different BMI groups was compared using

the Chi-square method. P values of\0.05 were considered

statistically significant.

Results

The patients included 661 men (72.9%) and 246 women

(27.1%). Their mean age and BMI were 53.9 years and

25.7 kg/m2, respectively. Of the patients, 27.7% had nor-

mal weight, 33.5% were overweight, and 38.8% were

obese. Of the 907 patients, 274 (30.2%) had calcium oxa-

late stones, 89 (9.8%) had calcium phosphate stones, 488

(53.8%) had mixed calcium oxalate and calcium phosphate

stones, and 56 (6.2%) had uric acid stones (Table 1). The

distribution of different stone components, including cal-

cium oxalate, calcium phosphate, mixed calcium, and uric

acid, was 215 (32.5%), 44 (6.7%), 351 (53.1%), and 51

(7.7%) cases, respectively, in male patients and 59

(24.0%), 45 (18.3%) 137 (55.7%), and 5 (2.0%), respec-

tively, in female patients. The percentage of calcium oxa-

late and uric acid stones was markedly higher in male

patients than in female patients. On the other hand, the

percentage of calcium phosphate stones was significantly

higher in female patients than in male patients (P \ 0.001)

(Table 2). The relationship of different urinary stone

components and different BMI groups was as follows.

Calcium oxalate stones were found in 23.1, 30.6, and

34.9% of the normal weight, overweight, and obese groups,

respectively (P = 0.002). Uric acid stones were found in

2.8, 7.2, and 7.7% of the three BMI groups (P = 0.002).

The stone components were significantly different among

the normal weight, overweight, and obese groups. Patients

with higher BMI tended to have greater percentage of uric

acid and calcium oxalate stones but lower percentage of

calcium phosphate stones (Table 3). The multiple logistic

regression model, including factors such as age, sex, and

body size, for predicting the relationship between uric acid

stone components and BMI revealed a significant

correlation in the overweight and obesity groups, with odds

ratios of 3.28 and 4.35, respectively (Table 4).

Discussion

Risk factors for stone formation and recurrence include

positive family history, nutritional factors, nutritional

deficiencies, life style factors, stone episodes, and other

disease states [9, 10]. Recent studies have suggested that an

increased prevalence of urolithiasis and recurrence is

associated with obesity [11–16]. A high BMI is known to

be associated with the risk of urolithiasis not only in male

adults but also in children and female patients; it is also

responsible for the change in gender prevalence of urinary

stone disease [17–19].

Obesity, an important public health problem in most

countries, is associated with chronic medical conditions

such as hypertension, hyperlipidemia, hypercholesterol-

emia, diabetes mellitus, cardiovascular disease, and other

medical problems. The prevalence of urinary stone disease

is higher in overweight or obese individuals. Recent studies

have revealed that obesity is associated with changes in the

chemical components of serum and urine, such as citrate,

phosphate, oxalate, and uric acid. This metabolic change

may explain the association between obesity and urinary

stone disease [20].

Urinary stones have different components such as cal-

cium oxalate, calcium phosphate, uric acid, struvite, and

mixed components. Is obesity related to the formation of

every kind of urinary stone? The correlation between stone

component and increasing prevalence of urolithiasis from

obesity is not well-documented. The mechanism underly-

ing this relationship is not clear. The advantage of our

Table 1 Characteristics of study population

Characteristics N (%) Mean (SD) Range

Patient number 907

Age (years) 53.9 (13.5) 21–88

Sex

Male 661 (72.9)

Female 246 (27.1)

BMI 25.7 (3.8) 15–41

\24 251 (27.7)

24–27 304 (33.5)

[27 352 (38.8)

Stone components

Calcium oxalate 274 (30.2)

Calcium phosphate 89 (9.8)

Mixed calcium 488 (53.8)

Uric acid stone 56 (6.2)
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study was that the stone analysis data for all the cases

included in our study was available. The most common

form of urinary stone found in our study group was mixed

calcium oxalate with calcium phosphate stone, followed

by calcium oxalate, calcium phosphate, and uric acid

stones. Fourier transform infrared (FTIR) spectroscopy is

a valuable method for stone analysis. When more than

70–80% of a urinary stone is composed of one type of

crystal, the stone is named after that crystal. When two or

more crystals are found at almost the same level in a

stone, the stone is known as a mixed stone. On FTIR

spectroscopy, uric acid crystals show a considerably

complicated waveform with multiple peaks unlike that

that for calcium oxalate crystals. A stone containing a

mixture of calcium oxalate and uric acid is difficult to

identify by FTIR spectroscopy because the peak for cal-

cium oxalate crystals overlaps with that for uric acid

crystals. Theoretically, in a stone with a mixture of cal-

cium oxalate and uric acid crystals, the mechanisms of

stone formation and prevention of stone recurrence are

dependent more on uric acid metabolism than on calcium

metabolism; hence, a stone with such a composition is

classified as a uric acid stone in our study.

Our study shows that a higher BMI increases the prev-

alence of uric acid stones. Studies on several groups of

individuals with nephrolithiasis have shown that higher

weight is associated with a lower urinary pH [21]. Over-

weight or obese individuals also have a higher incidence of

diabetes mellitus, which is correlated with hyperinsuline-

mia or insulin resistance. Insulin resistance may manifest

as a kidney disease in the form of a defect in ammonium

production and ability to excrete acid; it thus affects uri-

nary pH [22–24]. Hyperinsulinemia may also decrease

urinary citrate level and increase urinary excretion of uric

acid and oxalate crystals, which are important risk factors

for urinary stone formation [25–28]. Another possible

reason is that overweight and obesity are associated with an

increased risk of hyperuricosuria, which often results in

increased uric acid excretion, an acidic urine environment,

and uric acid stone formation. Urine pH is found to be

reversely associated with BMI among Asian patients with

urolithiasis [21].

Our results also show that a higher BMI increases the

risk of calcium oxalate stone formation. Increased urinary

uric acid excretion is not only associated with uric acid

stone formation but also a risk factor for calcium oxalate

stone formation because calcium oxalate stones may

develop by the salting-out effect in a hyperuricosuria

environment [29, 30]. Another reason for the increase in

the incidence of calcium oxalate stone formation is that

increase in BMI leads to a decrease in urine pH; the for-

mation of calcium phosphate stones, and not calcium

oxalate stones, is dependent more on the urine pH.

Decrease in urine pH leads to the decrease in the produc-

tion of calcium phosphate crystals, which results in a rel-

ative increase in the formation of calcium oxalate stones.

Our results revealed that the prevalence of calcium oxa-

late and uric acid stones is directly correlated with body size

(BMI). The model of multiple logistic regression models,

including factors such as age, sex, and body size, to predict

the relationship between uric acid stone components and

Table 2 Prevalence of stone

components in different genders

P \ 0.001 by Chi-square test

Calcium oxalate

stones

Calcium phosphate

stones

Mixed calcium

stones

Uric acid

stones

Total (%)

Male 215 (32.5) 44 (6.7) 351 (53.1) 51 (7.7) 661 (100)

Female 59 (24.0) 45 (18.3) 137 (55.7) 5 (2.0) 246 (100)

Table 3 The relationship of

body mass index and stone

components

P = 0.002 by Chi-square test

Calcium oxalate

stones

Calcium phosphate

stones

Mixed calcium

stones

Uric acid

stones

Total (%)

BMI \24 58 (23.1) 30 (12.0) 156 (62.2) 7 (2.8) 251 (100)

24B BMI \27 93 (30.6) 31 (10.2) 158 (52.0) 22 (7.2) 304 (100)

BMI C27 123 (34.9) 28 (8.0) 174 (49.4) 27 (7.7) 352 (100)

Table 4 The predicting factors for uric acid stone components in

patients with urinary stone disease

Odds Ratio 95% CI P value

Age (years) 1.06 1.04–1.09 \0.001

Sex

Female Ref

Male 4.56 1.77–11.78 0.002

Body size

Normal weight (BMI \24) Ref

Overweight (24B BMI \27) 3.28 1.33–8.09 0.01

Obesity (BMI C27) 4.35 1.77–10.6 0.001

Multiple logistic regression analysis

BMI body mass index
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BMI revealed that the incidence of uric acid stones is higher

in obese individuals than in non-obese individuals.

The interesting finding of our study is that a higher BMI

was not found to increase the formation of calcium phos-

phate stones. Obesity appears to affect urinary excretion of

potential lithogenic factors such as oxalate and uric acid, but

not calcium [31, 32]. The formation of calcium phosphate

stones is correlated more with calcium metabolism factors

such as hyperparathyroidism, which may explain why the

incidence of calcium phosphate stones is not higher in obese

individuals. Further study is necessary to detect the exact

mechanism underlying the correlations between urinary

stone disease and BMI.

For stone prevention, a typical method is to manipulate the

levels of chemical components in urine, such as sodium,

citrate, oxalate, uric acid, and calcium. Weight control, ade-

quate physical activity, balanced diet, and sufficient fluid

intake are easy and inexpensive ways of preventing stone

formation. Weight control in obese patients can theoretically

restore abnormal urine metabolites and probably reduce stone

episodes but further data is needed to support this hypothesis.

The present study had limitations. The urine and serum

biochemical profiles of the patients were not available; also

in addition, the role of diabetes mellitus, which may have

some role in the formation of stone component, was not

discussed in this study.

Conclusion

The prevalence and incidence of urinary stone disease are

associated with BMI. The percentage of uric acid and

calcium oxalate stones is higher in obese individuals than

in non-obese individuals. There is no apparent difference in

the incidence of calcium phosphate stones between obese

and non-obese patients.

This finding suggests that clinicians should encourage

urinary stone patients to reduce weight, especially those

with calcium oxalate and uric acid urinary stones.
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