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Abstract

OBJECTIVES—To characterize the relationship between pediatric kidney stone disease and the 

presence of hypertension (HTN), diabetes mellitus (DM), and obesity. In adults, kidney stone 

disease has been associated with medical comorbidities such as HTN, DM, and obesity. Similar 

analyses have never been performed for the pediatric population.

METHODS—The 2003 and 2006 Kids’ Inpatient Databases were queried to identify subjects 

treated for kidney stone disease (“International Classification of Diseases” codes 9592.0 and 

592.1). The comorbidities of HTN, DM, and obesity were identified using the provided 

comorbidity software. The risk of kidney stone disease associated with age, sex, and comorbidity 

status was evaluated using multivariate logistic regression.

RESULTS—A total of 6 115 443 subjects were evaluated. Of these, 14 245 (0.2%) had a 

diagnosis of upper tract calculus (4092 boys and 10 045 girls, sex unavailable for 108). Age was 

the strongest independent predictor of stone risk (P < .0001). HTN was associated with a 

significantly increased risk of stone diagnosis in children ≤10 years old and DM for children ≤5 

years old. Stone risk was not affected by obesity in any age group.

CONCLUSIONS—The results of our study have shown that kidney stone disease is significantly 

associated with age among all children and both HTN and DM for young children. Although 

exploratory, these findings are novel and suggest that kidney stone disease among young children 

might be associated with nonrenal, systemic disease states.

Kidney stones are a common and costly disease, affecting both adults and children. Among 

adults, the epidemiology of kidney stone disease has been well characterized. The lifetime 

prevalence has been approximately 12% for men and 6% for women, although for both 

sexes these percentages have recently been increasing.1–3 The insights gained from 

epidemiologic investigations of adult patients with stone formation have suggested that 

certain medical conditions, such as diabetes mellitus (DM), hypertension (HTN), and 

obesity, are independently associated with kidney stone disease.4–7
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Our understanding of the epidemiology of pediatric kidney stone disease, however, is 

limited. It has been reported that the prevalence of stone disease among children varies by 

age and sex8; nonetheless, a paucity of information is available on the systemic medical 

conditions that might be associated with stone disease. In particular, important comorbidity 

associations, such as DM, HTN, and obesity, previously characterized among adult patients 

with stone formation, have not yet been investigated in the pediatric population. Ostensibly, 

children and adults are physiologically different, and the risk factors associated with stone 

disease could also vary during a lifetime; therefore, it is of great importance to explore the 

risk factors for stone disease in the pediatric population. For children, the identification of 

specific risk factors associated with stone disease could provide unique insights into the 

pathophysiology of stone formation. Therefore, we performed a study to define the 

relationship between kidney stone disease and the presence of DM, HTN, and obesity in a 

pediatric population.

MATERIAL AND METHODS

The Kids’ Inpatient Database (KID) is a large-scale, national data set that captures typical 

discharge information, such as demographics (eg, age, race, sex), diagnostic codes, 

procedure codes, admitting diagnosis, and discharge disposition from inpatient hospitals. 

The database contains information for all patients, regardless of payer, and includes children 

covered by private insurance, Medicaid, and Medicare and the uninsured. The KID is a part 

of the Healthcare Cost and Utilization Project, which has been sponsored by the Agency for 

Healthcare Research and Quality. It was developed to enable analyses of hospital use by 

children across the United States. Systematic random sampling is used to ensure accurate 

sampling of the KID. The geographic distribution of the KID is diverse, such that no regions 

of the United States have been overrepresented, which could have skewed the census of 

patients with stone formation. Although the KID captures a core set of patient data found 

from a typical discharge abstract, it does not contain physiologic or laboratory data.

For the present study, we analyzed the 2003 and 2006 KIDs. The 2003 iteration contains 2 

984 129 total discharges from 36 states, and the 2006 iteration contains 3 131 324 

discharges from 38 states. The 2003 and 2006 data sets were pooled for analysis. The 

“International Classification of Diseases, 9th revision, Clinical Modification” codes for renal 

calculus (592.0) and ureteral calculus (592.1) were used to classify the primary diagnosis. 

Medical comorbidities were identified using the Agency for Healthcare Research and 

Quality comorbidity software program, a tool that assigns variables to the “International 

Classification of Diseases, 9th revision, Clinical Modification” comorbidities found in the 

hospital discharge records. The comorbidity software was used to identify the variables for 

DM (CM_DM), HTN (CM_HTN_C), and obesity (CM_OBESE) among those children 

admitted for a renal or ureteral stone. Race data were not available for one third of the 

included states. Thus, this variable was not included in the analysis.

Comparisons between the children with and without pediatric stone disease were done using 

the t test for continuous variables and the chi-square test for categorical variables. The risk 

of stone disease was evaluated using univariate and multivariate logistic regression models. 
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Cross-product terms were entered into the models to evaluate interactions between age and 

comorbidities and evaluated using the likelihood ratio test.

Our institutional review board found the present study to be exempt from the requirement of 

review.

RESULTS

Of the total discharges captured in the 2003 and 2006 KIDs, 14 245 (0.2%) were for a 

primary diagnosis of a renal or ureteral calculus. Children who had been diagnosed with 

stones were significantly older than those without stones (median age 18 vs 2 years), and the 

fraction of children with stones, albeit very small, increased strongly with age. Girls (0.31%) 

were more commonly diagnosed with a stone than were boys (0.15%), by a 2:1 ratio. 

Children with DM, HTN, or obesity had twice the prevalence of kidney stones (Table 1).

On univariate analysis, the risk of a kidney stone diagnosis was significantly associated with 

age, sex, DM, HTN, and obesity. When these were entered simultaneously in a multivariate 

logistic regression model, only age was significantly associated with the diagnosis of a 

kidney stone, with a >30-fold increase in risk between the youngest and oldest age groups 

(Table 2). Although only HTN was significantly associated with stone disease in the 

multivariate model, we performed exploratory analyses to consider whether the effects of 

DM and obesity could have been modified by age (interaction). This was motivated by the 

known associations of these comorbidities with adult urolithiasis, and the concern that, 

given the small numbers of children with both stones and comorbidities, any associations 

might have been masked by the effect of age. We stratified age into four 5-year age groups. 

These were represented in the logistic regression models by 3 indicator variables, and the 

interaction of each of the comorbidities individually with age group were explored in 

separate models. The results listed in Table 3 demonstrate that the risk of kidney stone 

diagnosis in children <10 years old might be significantly associated with HTN (model 1; 

odds ratio 13.74 for age 0–5 years and 2.24 for age 6–10 years; P < .0001 for both cohorts). 

Model 2 (DM) demonstrated that the risk of a kidney stone diagnosis in children <6 years 

old was significantly associated with DM (odds ratio 11.34; P = .0006; Table 4). In contrast, 

among the other cohorts of children, the 95% confidence intervals for the effect of either 

HTN or DM included the null value of 1.0. We repeated these analyses, excluding children 

<1 year from the youngest age group, and the relationships did not change (data not shown). 

Obesity was not significantly associated with stone disease risk among children in any age 

group (data not shown). Because of the very small proportions of children with stones and 

both HTN and DM, we did not evaluate both comorbidities simultaneously in the 

multivariate model, because this would have required a 3-way interaction and resulted in 

unstable estimates.

These analyses were also repeated for the 2003 and 2006 data sets separately, and the results 

were not different from the pooled analyses (data not shown).
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COMMENT

Once thought to be a disorder with effects limited to the kidney, recent epidemiologic 

evidence has suggested that nephrolithiasis among adults is a complex and systemic 

disease.5–7,9,10 Our investigation of a large-scale cohort of pediatric patients has similarly 

demonstrated that pediatric stone disease is a complex entity. Our initial analysis confirmed 

that the likelihood of an upper urinary tract stone increased most strongly with a child’s age, 

a finding reported previously.8 From a concern that the profound effect of age on stone risk 

might mask the effects of the medical comorbidities of interest, we developed an interaction 

model that explored the effect of the comorbidity of interest within specific age groups to 

assess the relationship to a stone diagnosis. These analyses demonstrated statistically 

significant associations between the diagnosis of a kidney stone and both HTN and DM for 

young children, but not for older children. Although statistically significant associations 

were observed for both HTN and DM, they must be tempered by the small numbers of 

children with both stones and comorbidities, the consequently wide confidence intervals, 

and the exploratory nature of these analyses. Additionally, the KIDs only capture inpatient 

admissions. Therefore, these results should be viewed as tentative and hypothesis 

generating. Additional studies are required to confirm or refute the present findings. An 

examination of the KID, however, found that a large proportion of the 0–5-year-old cohort 

included children <1 year old. Given that this young cohort might have been overpopulated 

with children hospitalized in the neonatal intensive care unit, we performed the analysis both 

including and then excluding children <1 year old. Our findings did not differ between the 2 

analyses, suggesting that our results were not affected by the disproportionate representation 

of children aged <1 year. No significant associations between stone risk and obesity were 

present for children in any age group.

Among adults, both HTN and DM have been associated with lithogenic changes to the 

urinary milieu. HTN, DM, and obesity in childhood are likely very different entities, with 

different etiologies compared with the same disease in adults. Nonetheless, certain similar 

pathophysiologic features could still be present that affect urinary metabolic stone risk 

factors. Insulin resistance, the pathognomonic feature of noninsulin-dependent diabetes 

mellitus, has been implicated in the increased risk of stone formation among patients with 

DM. In particular, insulin resistance reduces urinary pH, promoting uric acid stone 

formation.11,12 Calcium stone risk is also elevated in the setting of insulin resistance, 

because of reduced citrate excretion and the resultant hypocitraturia.13 Numerous studies 

have also demonstrated an association between HTN and stone disease among adults.4,7 

Calcium stone risk might be elevated in the setting of HTN, because hypercalciuria and 

hypocitraturia have been more commonly encountered in patients with HTN.14,15 Additional 

study is needed to more clearly elucidate the lithogenic mechanisms associated with certain 

medical conditions, especially in the pediatric population for whom such information is very 

limited.

Our results have further strengthened the finding that age is the most significant predictor of 

kidney stone risk. Despite the strong association of HTN, DM, and obesity with adult 

urolithiasis, we did not find similarly strong associations across the entirety of the pediatric 

population. Future studies with larger numbers of children are required to investigate this 
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hypothesis further and better define this relationship. At present, it is not clear why the 

associations we detected were significant only among those children <6 years old. Although 

one would expect that the relationship between stone diagnosis and comorbidity would be 

constant throughout childhood, several possibilities could explain our findings. Stone 

disease among the very young might also be associated with greater systemic effects. Also, 

HTN and DM in the very young could be markers for overall poor health and systemic 

disease, which could increase the risk of stone formation. Similarly, conditions that require 

certain medical therapies that might induce HTN or DM, as well as stone disease, could also 

have confounded our findings; presumably such conditions would be uncommon. However, 

the diagnosis codes for specific congenital obstructive uropathies, such as posterior urethral 

valves and ureteropelvic junction obstruction, known risk factors for both stone disease and 

HTN in childhood, are not captured in the KID. Finally, given the overall small numbers of 

children with stones in the present analysis of an extraordinarily large data set, we cannot 

discount the possibility of a false-positive association. Future prospective studies might be 

able to examine this question in greater detail, with the benefit of more granular, patient-

level data collection.

Our study had several limitations that merit mention. Some of these limitations are inherent 

to the use of an administrative claims database. Erroneous and incomplete coding (ie, failing 

to list the codes for all diagnoses relevant to a given admission) could have limited our 

ability to capture all events. The specific criteria for, or definitions of, HTN, DM, and 

obesity might vary among practice settings. Additionally, the KID cannot discriminate 

between noninsulin-dependent DM and insulin-dependent DM. Finally, granular laboratory 

data were not available; in particular, stone composition data would have been welcome and 

could have provided important insights into the relationship of medical comorbidity and 

stone disease. Race information was not provided for more than one quarter of the included 

states and thus was not included in our analysis. The KID includes only inpatient 

admissions, and one could argue that most stone removal procedures are performed on an 

outpatient basis. To that end, however, our study might have underestimated the true 

magnitude of the disease burden, because many patients would not have been included in the 

present data set. Additionally, our results might reflect a selection bias if children with 

stones and more severe comorbidities were hospitalized preferentially to those with stones 

who were otherwise healthy. Despite these limitations, the present hypothesis-generating 

work strengthens the known association of increasing age as a risk factor for stone disease. 

It also raises the possibility that stone disease could be more prevalent in young children 

with HTN or DM.

CONCLUSIONS

The risk of a diagnosis of an upper urinary tract calculus among children was most 

significantly associated with the child’s age. Also, a strong association was seen between the 

primary diagnosis of a kidney stone and both HTN and DM, although this association was 

confined to children <6 years old and resulted from an exploratory analysis. Future studies 

with larger numbers of affected children are needed to further explore whether children with 

DM and HTN have a greater risk of stone formation. If this finding is supported, it could 

suggest that urolithiasis in the young child is a unique and complex systemic disease 
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process. Clinicians treating the young patients with stone formation would need to be aware 

of these associated disease states as they pursue the evaluation and treatment of this unique 

group of patients.
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Table 1

Demographic characteristics

Kidney Stone Diagnosis

Characteristic No (n) Yes (n) P Value

Children 6 101 208 (99.8) 14 245 (0.2) NA

Age (y) <.0001

  0–5 3 478 200 (99.98) 605 (0.02)

  6–10 411 486 (99.7) 1077 (0.3)

  11–15 538 927 (99.6) 2182 (0.4)

  16–20 1 637 088 (99.4) 10 331 (0.6)

Sex <.0001

  Male 2 766 204 (99.85) 4092 (0.15)

  Female 3 264 349 (99.69) 10 045 (0.31)

HTN <.0001

  No 6 052 728 (99.77) 14 004 (0.23)

  Yes 48 480 (99.51) 241 (0.49)

DM <.0001

  No 6 077 311 (99.77) 14 113 (0.23)

  Yes 23 897 (99.45) 132 (0.55)

Obesity <.0001

  No 6 046 958 (99.77) 13 951 (0.23)

  Yes 54 250 (99.46) 294 (0.54)

HTN, hypertension; DM, diabetes mellitus.
Data in parentheses are percentages.
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Table 2

Risk factors for pediatric kidney stone disease

Univariate Analysis Multivariate Analysis

Variable OR (95% CI) P Value OR (95% CI) P Value

Age (y)

  6–10 vs 0–5 15.04 (13.61–16.61) <.0001 15.48 (14.01–17.11) <.0001

  11–15 vs 0–5 23.26 (21.26–25.45) <.0001 23.10 (21.10–25.28) <.0001

  16–20 vs 0–5 36.26 (33.40–39.35) <.0001 34.98 (32.19–38.00) <.0001

Sex (female vs male) 2.08 (2.01–2.16) <.0001 1.12 (1.08–1.16) <.0001

HTN (yes vs no) 2.15 (1.90–2.44) <.0001 1.17 (1.02–1.33) .020

DM (yes vs no) 2.38 (2.00–2.82) <.0001 1.02 (0.85–1.21) .858

Obesity (yes vs no) 2.35 (2.09–2.64) <.0001 1.06 (0.94–1.19) .335

OR, odds ratio; CI, confidence interval; other abbreviations as in Table 1.
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Table 3

Multivariate models of risk of pediatric kidney stone disease, with interaction between age and hypertension

Variable OR (95% CI) P Value

Female vs male 1.12 (1.08–1.16) <.0001

HTN vs no HTN

  Age 0–5 y 13.74 (9.06–20.85) <.0001

  Age 6–10 y 2.24 (1.52–3.32) <.0001

  Age 11–15 y 0.86 (0.59–1.25) .437

  Age 16–20 y 1.02 (0.88–1.19) .767

HTN, hypertension; other abbreviations as in Table 2.
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Table 4

Multivariate models of risk of pediatric kidney stone disease, with interaction between age and diabetes

Variable OR (95% CI) P Value

Female vs male 1.12 (1.08–1.16) <.0001

DM vs no DM

  Age 0–5 y* 11.34 (2.82–45.49) .0006

  Age 6–10 y 1.16 (0.48–2.79) .747

  Age 11–15 y 1.18 (0.79–1.77) .416

  Age 16–20 y 0.98 (0.81–1.20) .874

DM, diabetes mellitus; other abbreviations as in Table 2.

*
Only 2 children in 0–5 age group had DM and kidney stone.
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