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Abstract
Background—The prevalence of kidney stone disease is rising along with increasing rates of
obesity, type 2 diabetes mellitus (T2DM), and metabolic syndrome.

Objective—To investigate the associations among the presence and severity of T2DM, glycemic
control and insulin resistance with kidney stone disease.

Design, Setting, and Participants—We performed a cross-sectional analysis of all adult
participants in the 2007–2010 National Health and Nutrition Examination Survey (NHANES). A
history of kidney stone disease was obtained by self-report. T2DM was defined by: self-reported
history, T2DM-related medication usage, and reported diabetic comorbidity. Insulin resistance
was estimated using fasting plasma insulin (FPI) levels and the homeostasis model assessment of
insulin resistance (HOMA-IR) definition. We classified glycemic control using HbA1c and fasting
plasma glucose levels (FPG).

Outcome measurements and statistical analysis—Odds ratios (OR) for kidney stone
disease were calculated for each individual measure of T2DM severity. Logistic regression models
were fitted adjusting for age, sex, race/ethnicity, smoking history, and Quételet’s (body mass)
index (BMI) (model A) as well as laboratory values and components of metabolic syndrome
(model B).

Results and Limitations—Correlates of kidney stone disease included a self-reported history
of T2DM (OR 2.44, 95% confidence interval [CI] 1.84–3.25) and history of insulin use (OR 3.31,
CI 2.02-5.45). Persons with FPG 100–126 and >126 mg/dL had increased odds of kidney stone
disease, OR 1.28 (CI 0.95–1.72) and OR 2.29 (CI 1.68-3.12), respectively. Corresponding results
for persons with HgbA1c 5.7-6.4% and ≥6.5% were ORs 1.68 (CI 1.17–2.42) and OR 2.82 (CI
1.98–4.02), respectively. When adjusting for patient factors, a history of T2DM, the use of insulin,
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FPI and HgbA1c remained significantly associated with kidney stone disease. The cross-sectional
design limits causal inference.

Conclusions—Among persons with T2DM, more severe disease is associated with a heightened
risk of kidney stones.
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Introduction
Kidney stone disease is a painful and costly disease. Hospitalizations, interventions and
work-days lost for kidney stones impose a major economic burden, with total annual
medical expenditures in the United States exceeding $2.1 billion in 2000 [1]. The lifetime
prevalence of kidney stones is increasing, with data from the most recent National Health
and Nutrition Examination Survey (NHANES, 2007–2010) reporting an 8.8% population
prevalence, a substantial increase from the 5.2% prevalence reported in a prior NHANES
cohort [2]. U.S population studies have similarly documented a rise in the prevalence of
obesity, metabolic syndrome and type 2 diabetes mellitus (T2DM)[3, 4]. Recent
epidemiologic studies have demonstrated a significant association between dietary and
lifestyle factors and kidney stone disease. Analyses from the Health Professionals Follow-up
Study and the Nurses’ Health Study I and II identified associations among obesity, T2DM
and incident kidney stone disease [5, 6]. Pathophysiologic explanations for the increased
risk of kidney stones in diabetics have largely focused on insulin resistance. Insulin
resistance is associated with derangements in renal ammonium production, increased urinary
acidification, hypocitraturia, and hypercalciuria, all of which can contribute to the
development of uric acid and calcium stones [7, 8, 9, 10].

Type 2 diabetes mellitus is a leading cause of end-organ disease and death in the United
States. There is a direct relation between the degree of hyperglycemia and the risk of
complications of T2DM over time. Among persons with T2DM, poorer glycemic control
and more pronounced insulin resistance are associated with the risk of microvascular
disease, peripheral vascular disease, amputations, myocardial infarction, stroke, heart
failure, and all-cause mortality [11].

Despite compelling epidemiologic data supporting the association of diabetes and kidney
stones, little is known about how diabetic severity might modify the risk of kidney stone
disease. In this study, we investigated associations among the presence and severity of
T2DM, glycemic control and insulin resistance with kidney stone disease in a nationally
representative sample. We hypothesized that more severe T2DM would be associated with
higher odds of kidney stone disease.

Methods
Study population

NHANES is a program of studies conducted by the National Center for Health Statistics,
which is a part of the Centers for Disease Control and Prevention (CDC). These surveys are
used to assess the health and nutritional status of adults and children in the U.S. The
NHANES interview includes demographic, socioeconomic, dietary, and health-related
questions. The examination component consists of medical and physiological measurements,
as well as laboratory tests. The NHANES 2007–2010 survey is the most recent collection,
which includes kidney stone-related data.
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Participant health examinations, including biophysical measurements and blood and urine
collections were conducted in the NHANES mobile examination center. Questionnaires
were administered to NHANES participants both at home and in the mobile trailer. The
current study included participants in NHANES 2007–2010 who were aged 20 years or
older, underwent a health examination, and responded to the question “Have you ever had a
kidney stone?”

Independent Variables – Diabetes and Severity Definitions
We used several methods to define the presence of T2DM: a self-reported history of DM,
use of glucose-lowering medications (insulin or oral hypoglycemics), and self-reported
diabetic comorbidities in the form of retinopathy. Insulin resistance was estimated using
fasting plasma insulin levels and the homeostasis model assessment of insulin resistance
(HOMA-IR) definition (fasting insulin (mg/dL) multiplied by fasting glucose (mg/dL)
divided by a correction factor of 405). HOMA-IR is a method widely used in epidemiologic
studies to quantify insulin resistance and beta-cell function. For fasting insulin and HOMA-
IR, these measures were grouped into tertiles due to the absence of clinically relevant cut-off
values and their skewed distributions. We categorized glycemic control using HbA1c and
fasting plasma glucose levels. Participants were categorized as follows (<100 mg/dL, 100–
126 mg/dL, ≥126 mg/dL) and HbA1c (<5.7%, 5.7–6.4%, ≥6.5%), according to cutoffs
recommended by the American Diabetes Association.

Dependent Variable – Prevalent Kidney Stones
The primary outcome for our analysis was the participant response to the question “Have
you ever had kidney stones?” during the medical questionnaire.

Other clinical characteristics
Age, sex, race/ethnicity, highest level of education, and household income were assessed by
questionnaire. Individuals were grouped by age: 20–39 years, 40–59 years, and 60 years or
older. We used the racial/ethnic group variable reported by NHANES, classified as “non-
Hispanic white”, “non-Hispanic black”, “Mexican American”, “other Hispanic”, and “other/
multiracial” and joined responses from the categories of “Mexican-American” and “Other
Hispanic” into a single Hispanic category according to the analytic guidelines. We used
household income as a measure of socioeconomic status, and re-categorized the income
strata as $0–19,999, $20,000–34,999, $35,000–74,999, and ≥$75 000. Quételet’s (body
mass) index (BMI) was calculated as weight in kilograms divided by height in meters
squared, and categorized using the World Health Organization (WHO) cutoffs, as lean or
normal weight (<24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese (≥30.0 kg/m2).
Three or more consecutive blood pressure measurements were taken during the physical
examination, with mean values of systolic and diastolic blood pressure used for our analysis.
Of the many laboratory parameters measured in NHANES, we considered serum uric acid,
calcium, high-density lipoprotein, and triglyceride concentrations as laboratory correlates of
stone risk and/or metabolic syndrome/T2DM.

Statistical methods
All statistical analyses were performed using SAS v9.3 (SAS Institute Inc, Cary, North
Carolina) and incorporated the recommended NHANES sample weights, strata and cluster
design variables. Graphics were constructed using R v2.15. We utilized the sub-sample
fasting sampling weights in the glucose and insulin laboratory collection component in order
to appropriately account for NHANES’ complex survey structure and produce estimates that
are representative of the total, non-institutionalized civilian US population. In order to
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produce estimates with greater statistical reliability, we combined two 2-year cycles of
continuous NHANES (2007–2008 and 2009–2010).

We calculated the odds of kidney stone disease associated with each demographic factor and
individually with each self-reported and calculated measure of diabetic severity. We then
constructed two multivariable regression models to analyze each diabetic severity measure.
In model A, we adjusted for age, sex, race/ethnicity, smoking history, and BMI. In model B
we additionally included metabolic stone risk factors (serum uric acid and calcium levels),
and selected metabolic syndrome traits (HDL <40mg/dL, triglyceride >150 mg/dL, and
SBP>140 mmHg or DBP >90 mmHg). All statistical tests were 2-sided and a P value <0.05
was considered statistically significant.

Results
The unweighted patient sample included 12,153 participants; 12,110 (99.6%) responded to
the question regarding history of kidney stone disease. The weighted population prevalence
of T2DM (by self-report) was 8.6% ([CI], 8.1–9.1%).

Prevalence and Correlates of Kidney Stone Disease
The weighted overall prevalence of stone disease was 8.8% (95% confidence interval [CI],
8.1–9.5%). Table 1 shows demographic and other clinical correlates of kidney stone disease.
In a series of crude and multivariable-adjusted regression models, we investigated the
associations of self-reported and laboratory measures of diabetic severity with kidney stone
disease (Table 2).

Unadjusted predictors of kidney stone disease included a self-reported history of diabetes
(OR 2.44, [CI 1.84–3.25]) and a history of insulin use (OR 3.31, [CI 2.02–5.45]). Measures
of both glycemic control (FPG and HbA1c) and insulin resistance (FPI and HOMA-IR) were
significantly associated with a history of kidney stone disease when analyzed as both
continuous variables and when categorized according to established clinical cutoffs.
Participants with FPG 100 to 126 mg/dL and ≥126 mg/dL had increased odds of kidney
stone disease, OR 1.28 [CI 0.95-1.72] and OR 2.29 [CI 1.68–3.12], respectively. Participants
with HgbA1c values of 5.7–6.4% and ≥6.5% also had increased odds of kidney stone
disease, (ORs of 1.68 [CI, 1.17–2.42] and 2.82 [1.98–4.02]), respectively. When fasting
plasma insulin levels were evaluated by tertiles, there appeared to be a graded relation that
was only statistically significant for patients in the top tertile. Participants with FPI in the
highest tertile had almost twice the odds of kidney stones (FPI Tertile 3 OR 1.76 [CI, 1.41–
2.19] compared with those in the lowest tertile. The unadjusted analysis of HOMA-IR
demonstrated a similar graded effect; those persons with the highest elevations in HOMA-IR
had over twice the odds of kidney stone disease (HOMA-IR Tertile 3 OR 2.11 [CI,1.64–
2.71]). (Figure 1)

In model A, when adjusting for patient factors (age, sex, race/ethnicity, BMI and smoking
history), a history of DM, the use of insulin, HgbA1c, and the top tertile levels of FPI and
HOMA-IR remained significantly associated with kidney stone disease. In model B, further
adjustment for hypertension, dyslipidemia, and relative hyperuricemia and hypercalcemia
did not materially change the association among individual measures of diabetes severity
and the odds of kidney stone disease.

Discussion
In this study, we found significant associations among individual measures of glycemic
control (HbA1c and fasting plasma glucose), insulin resistance (fasting plasma insulin and
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HOMA-IR) and a history of kidney stones. We found the highest odds of kidney stones in
persons with self-reported insulin use, HbA1c >6.5% and the highest tertiles of fasting
insulin levels and HOMA-IR. Even after adjustment for various patient confounders these
associations were largely preserved.

Of our measures of T2DM severity, HbA1c bore the strongest association with the odds of
kidney stone disease. The more robust association of HbA1c over fasting glucose level is
noteworthy (and expected) as HbA1c is a marker of longer-term glycemic control; one
would anticipate considerable misclassification of T2DM severity by a single fasting plasma
glucose.

Poor glycemic control is associated with numerous adverse health effects [12]; herein, we
suggest that poorer glycemic control and more pronounced insulin resistance are associated
with a higher odds of kidney stone disease as well. We estimate that among the approximate
3.1 million episodes of kidney stones in the US, 43% of cases, or 1.36 million may be
attributable to T2DM. Of those, 680,000 may be attributed to poor glycemic control
(HbA1c>6.5%). Given the rising rate of T2DM in the US and abroad, the national and
global impact of T2DM on kidney stone disease is likely to intensify. A recent study by
Shaw et al., projects a 20–70% increase in the prevalence of T2DM among developed and
developing nations over the next 20 years, respectively [13].

The relation between T2DM and kidney stone disease has been largely explained by the
effects of insulin resistance on urine pH and renal handling of ammonium and calcium. We
utilized HOMA-IR as an adjunctive measure of insulin resistance in our study. HOMA-IR
has been previously validated in patients with poorly controlled diabetes while on insulin
therapy [14]. Studies suggest that HOMA-IR is a reliable parameter for the evaluation of
insulin sensitivity in patients with T2DM.

Our analysis suggests that glycemic control is also associated with the pathogenesis of stone
disease. Hyperglycemia and its resultant glycosuria have been implicated in altered renal
handling of calcium, phosphorus and uric acid. Studies have demonstrated an increase in
urinary calcium and phosphorus excretion in patients with T2DM [15, 16]. Recent
investigations have also highlighted that stone formers with T2DM have increased urinary
oxalate excretion [17, 18]. Both hyperoxaluria and hypercalciuria as a result of poor
glycemic control may therefore lead to the formation of calcium oxalate stones.
Additionally, uric acid has been found as the main component of stones in a significantly
higher proportion of patients with T2DM [19]. Studies have shown that uric acid excretion is
increased in the setting of hyperglycemia and glycosuria, a mechanism which may account
for the increased formation of uric acid stones among diabetics [20, 21]. (Figure 2)

Previous studies have evaluated the effect of metabolic syndrome [22] and T2DM on kidney
stone disease. Kabeya and colleagues [23] investigated the role of metabolic syndrome
traits, insulin resistance and glycemic control on kidney stone risk among a small cohort of
patients presenting for a health check at their central hospital in Japan. This smaller study
did not show any association of insulin resistance parameters with stone risk. Our
examination of T2DM severity and metabolic syndrome traits in a nationally-representative
sample of over 1,080 participants with kidney stone disease demonstrates a significant
association among glycemic control as well as insulin resistance with kidney stone disease.
Further, we were able to delineate a graded association among these markers of T2DM
severity and kidney stone disease.

Strengths of this study include the use of data with broad external validity and national
relevance. Also, the availability of laboratory measures of fasting plasma glucose, fasting
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plasma insulin, and HbA1c allowed us to assess the associations among these measures and
kidney stone disease that would have been impossible using only data from questionnaires.
This study also has important limitations; NHANES interview-questionnaire data are based
on patient self-report and therefore subject to non-sampling errors such as recall and
misclassification bias. For example, it is likely that some participants reported a history of
DM due to type 1 DM and would be included in our analysis of the association of self-
reported DM and kidney stones beDM. Additionally, due to the specific NHANES
questionnaire format; we do not have details regarding the clinical severity or type of stone
disease. While it is known there are many additional influences on stone disease including
medications and dietary factors, we did not adjust for these heterogeneous components in
our multivariable models. An additional limitation is its cross-sectional nature, allowing us
to study only prevalent rather than incident stone disease. Prior studies by Taylor et al [24]
and Curhan et al [25], have focused on incident stone disease in evaluating associations
among dietary factors and kidney stones. However, while having stones may affect dietary
habits (“reverse causality”), it is less plausible that it would create or worsen the severity of
T2DM. Consequently, the use of prevalent rather than incident stone disease in our analysis
is likely less critical. A randomized trial of different degrees of glycemic control would be
necessary to tease out the issue of causality. However, a study of this nature would be quite
impractical and potentially objectionable.

Kidney stones are associated with large direct and indirect costs to our healthcare system.
The ability to identify and target underlying risk factors for stones can aid primary
practitioners, nephrologists, and urologists in decreasing the incidence of the disease. In
light of the mounting ‘epidemic’ of T2DM, kidney stone disease may become of increasing
clinical concern, highlighting the need for further preventive measures.

Conclusions
Our study suggests that the severity of T2DM, as measured by glycemic control and insulin
resistance, is an important risk factor for kidney stone disease. Future studies comparing
treatment strategies in T2DM should aim to include kidney stones as an outcome of interest,
to test the hypotheses generated here.
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Figure 1.
Odds ratios of kidney stone disease by biochemical measures of T2DM severity
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Figure 2.
Mechanisms of Stone Formation in Diabetics [15–16*, 17≠, 20–21¥] NH4+ = ammonium.

Weinberg et al. Page 9

Eur Urol. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinberg et al. Page 10

Table 1

Patient factors and the odds of kidney stone disease.

Demographics Univariable OR (95% CI) Multivariable OR (95% CI)

Age

 20–39 1.00 (referent) 1.00 (referent)

 40–59 1.84 (1.25–2.71) 1.88 (1.22–2.90)

 ≥60 2.94 (2.05–4.23) 2.70 (1.82–4.01)

Gender

 Female 1.00 (referent) 1.00 (referent)

 Male 1.67 (1.30–2.14) 1.78 (1.35–2.35)

Race

 White, Non-Hispanic 1.00 (referent) 1.00 (referent)

 Black, Non-Hispanic 0.42 (0.27–0.65) 0.39 (0.24–0.63)

 Hispanic 0.60 (0.46–0.74) 0.56 (0.41–0.77)

 Other/multiracial 0.74 (0.48–1.15) 0.99 (0.64–1.52)

Household Income

 > $75,000 1.00 (referent) 1.00 (referent)

 $35,000 to $74,999 1.39 (0.92–2.08) 1.50 (0.96–2.34)

 $20,000 to $34,999 1.58 (1.03–2.43) 1.77 (1.07–2.91)

 $0 to $19,999 1.59 (1.07–2.36) 1.95 (1.24–3.09)

Education

 College graduate 1.00 (referent) 1.00 (referent)

 Some College 1.39 (1.05–1.83) 1.41 (1.02–1.94)

 High School/GED 1.34 (1.00–1.79) 1.25 (0.89–1.76)

 9ththough 11th 1.43 (0.96–2.13) 1.44 (0.96–2.18)

 Less than 9thgrade 1.26 (0.78–2.05) 1.11 (0.64–1.94)

BMI

 Normal 1.00 (referent) 1.00 (referent)

 Overweight 1.36 (0.98–1.89) 1.14 (0.83–1.58)

 Obese 1.86 (1.38–2.51) 1.67 (1.27–2.18)

Positive Smoking History 0.98 (0.77–1.23) 0.72 (0.55–0.94)
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Table 2

Measures of T2DM severity and the odds of kidney stone disease.

Unadjusted Multivariable Model A Multivariable Model B

Diabetes Parameters Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Insulin use 3.31 (2.02–5.45) 2.25 (1.23–3.97) 2.31 (1.34–3.97)

Oral hypoglycemic use 1.03 (0.54–1.95) 1.04 (0.54–2.02) 1.07 (0.52–2.20)

Retinopathy 1.56 (0.71–3.41) 1.51 (0.69–3.33) 1.43 (0.70–2.92)

Self-reported history of DM2 2.44 (1.84–3.25) 1.76 (1.33–2.32) 1.63 (1.23–2.16)

Fasting plasma glucose (mg/dL)

 Normal (<100) 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Prediabetes (100–126) 1.28 (0.95–1.72) 0.88 (0.66–1.18) 0.88 (0.64–1.22)

 Diabetes (>126) 2.29 (1.68–3.12) 1.28 (0.93–1.76) 1.24 (0.91–1.70)

Fasting plasma insulin (uU/mL)

 Tertile 1 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Tertile 2 1.16 (0.82–1.64) 1.07 (0.74–1.53) 0.95 (0.65–1.39)

 Tertile 3 1.76 (1.41–2.19) 1.42 (1.05–1.91) 1.28 (0.93–1.77)

HbA1c (%)

 Normal (<5.7) 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Prediabetes (5.7–6.5) 1.68 (1.17–2.42) 1.33 (0.94–1.89) 1.34 (0.92–1.94)

 Diabetes (>6.5) 2.82 (1.98–4.02) 2.02 (1.41–2.89) 1.91 (1.32–2.76)

HOMA-IR (FPI*FPG/405)

 Tertile 1 1.00 (referent) 1.00 (referent) 1.00 (referent)

 Tertile 2 1.51 (1.07–2.15) 1.36 (0.93–1.99) 1.23 (0.84–1.78)

 Tertile 3 2.11 (1.64–2.71) 1.65 (1.20–2.29) 1.50 (1.09–2.07)

Model A: Adjusted for patient factors; age, gender, race, smoking history, and BMI

Model B: Adjusted for patients factors in Model A as well as for presence of HTNhypertension (BP>130/85mmHg), triglycerides >150 mg/DL,
HDL <40 mg/DL, and serum measures of calcium and uric acid

For continuous variables: the OR for FPG, Insulin, and HOMA-IR is calculated per 10-unit change; the OR for HbA1c is calculated for 1-unit
change
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