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Abstract
The overall prevalence of kidney stones (KS) in the US rose from 3.2% in 1980 to 10.1% in 2016, but the trends in important 
subgroups have not been reported. We examined the prevalence trends of KS in subgroups of age, sex and race in the US 
and identified relevant laboratory factors associated with a history of KS using National Health and Nutrition Examination 
Survey (NHANES) data. We conducted a cross-sectional study among 28,209 US adults aged ≥ 20 years old in the NHANES 
from 2007 to 2016. We calculated the prevalence of a self-reported history of KS by using weights and standardized to the 
2010 US Census population. We also compared relevant laboratory values according to the history of KS. The prevalence 
of KS decreased from 8.7% in 2007–2008 to 7.2% in 2011–2012 but then increased to 9.0% in 2013–2014 and 10.1% in 
2015–2016. However, the overall prevalence of KS increased over 2007–2016 (p-trend = 0.02). Prevalence of KS among men 
was higher than women. Among men aged 20–79, there were significant quadratic trends in the prevalence of KS. Whereas, 
the prevalence of KS increased as a linear trend among women aged 20–59 years over 2007–2016. There were no consist-
ent trends in the prevalence of KS by race. The prevalence trend of KS among non-Hispanic whites was 9.8% from 2007 to 
2010 then dropped to 7.9% in 2011–2012 and increased to 10.6% in 2013–2014 and 12.1% in 2015–2016. A similar trend 
was also observed among non-Hispanic blacks. Among Hispanic, the prevalence of KS was 7.6% in 2007–2008 and 7.4% 
in 2009–2010 and then fluctuated over the next several time periods. For non-Hispanic Asians, the range was 4.4–4.6%. 
Regarding relevant laboratory factors, after adjusting for sex, race, age, BMI, smoking status, alcohol drinking, history of 
diabetes and gout, urine albumin-creatinine ratio and serum osmolality were independently associated with the history of KS 
in women and men. In conclusion, there was substantial variability in KS prevalence across individual 2-year time periods. 
This variation of period-specific prevalence values emphasizes the importance of looking at long-term trends and using 
more than a single 2-year cycle in analyses to increase the precision of the estimate. However, there was an overall increase 
in the prevalence of KS over 2007-2016.
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Introduction

Kidney stones (KS) are common in the US and cost billions 
of dollars due to treatment and lost worker productivity [1]. 
Moreover, KS cause pain and hematuria and have been asso-
ciated with chronic kidney disease (CKD) [2, 3], end-stage 
kidney disease (ESKD) [4, 5], osteoporosis [6, 7] and car-
diovascular disease [8, 9]. A study based on National Health 
and Nutrition Examination Survey (NHANES) data reported 
that the overall prevalence of kidney stones has continued 
to rise from 3.2% in 1980 to 10.1% in 2014 [10]. Possible 
explanations for this growing trend include the obesity epi-
demic, higher prevalences of gout and diabetes, and poor 
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diet [11, 12]. However, updated information is needed on 
the prevalence trends of KS across age, sex and race groups.

We examined the prevalence trends of KS in subgroups 
of age, sex, and race in the US. Additionally, we identi-
fied laboratory factors associated with a history of KS 
using National Health and Nutrition Examination Survey 
(NHANES) data from 2007 to 2016.

Methods

Data sources

NHANES is an ongoing evaluation of the health and nutri-
tional status of children and adults in the United States. 
The survey includes interviews, physical examinations and 
laboratory measurements. All public-use de-identified data 
sets in NHANES were exempted from the requirement for 
institutional review board approval.

Study population

We conducted a serial cross-sectional study in the NHANES 
from 2007 to 2016. The population included 28,209 US 
males and females aged ≥ 20 years old who responded to 
the questions regarding a history of kidney stones contained 
in the household survey component.

Outcomes

The primary outcome was the prevalence of a self-reported 
history of KS from the response to the question, “Have you 
ever had kidney stones?”. However, given that some KS may 
be incidental findings on imaging performed for another 
indication, the secondary outcome was the prevalence of a 
history of symptomatic stone disease based on the response 
to the question, “How many times have you passed a kidney 
stone?”

Covariates

Covariates of interest included age, sex, race, ethnicity, 
cigarette smoking status, alcohol consumption, history of 
diabetes and history of gout. Participants were divided into 
four age groups: 20–39, 40–59, 60–79 and over 80 years 
old. Ethnicity/race categories included non-Hispanic white, 
non-Hispanic black, non-Hispanic Asian (data are available 
after 2011 NHANES cycle), Hispanic (Mexican–American 
and other Hispanic), and other race/multiracial. BMI was 
categorized as < 18.5, 18.5–24.9, 25–29.9 and ≥ 30 kg/m2. 
Cigarette smoking status was categorized as never, past and 
current smokers. Alcohol consumption was divided into 5 
groups: life-long abstainer, former drinker, current drinker 

reporting ≤ 1 drink/week, 1–14 drinks/week and more than 
14 drinks/week. We defined diabetic individuals as those 
answering “yes” to the question “Other than during preg-
nancy, have you ever been told by a doctor or health profes-
sional that you have diabetes or sugar diabetes?” or having 
a hemoglobin A1C (HbA1C) more than 6.5%. Individuals 
with a history of gout were defined as those who answered 
“yes” to the question “Has a doctor or other health profes-
sional ever told you that you had gout?”

Statistical analysis

We calculated the prevalence of a self-reported history of 
KS and the prevalence of self-reported passing at least one 
stone (symptomatic stone disease) by incorporating survey 
weights and design factors in all estimations to account for 
the unequal probabilities of selection, oversampling, and 
nonresponse. All estimates were standardized to the 2010 
US Census population, using age adjustment [13]. Linear 
and quadratic trends overall and stratified by sex, age, dia-
betes, history of gout, alcohol consumption and cigarette 
smoking status were examined in regression models with 
2-year survey cycles modeled as an orthogonal polyno-
mial. We summarized characteristics and compared some 
relevant laboratory factors between individuals with the 
history of KS and without the history of KS after adjust-
ing for age. Due to a skewed distribution, urine albumin-
creatinine ratio, urine flow rate and serum copper were 
log-transformed. The mean values of these log-transformed 
variables were calculated for each group and these means 
were back-transformed exponentially to represent geometric 
means. Moreover, we categorized serum 25-OH vitamin D 
(25(OH)D) into three categories including vitamin D defi-
ciency defined as 25(OH)D < 50 nmol/l, vitamin D insuf-
ficiency defined as 50 ≤ 25(OH)D < 75 nmol/l and replete 
vitamin D defined as 25(OH)D ≥ 75 nmol/l [14].

Additionally, we used multivariable logistic regression 
accounting for the survey weights to evaluate the association 
between relevant laboratory values and self-reported history 
of KS. We adjusted in the multivariable model for potential 
confounders specified a priori, including age, sex, race, BMI, 
cigarette smoking status, alcohol consumption, history of 
diabetes and history of gout. Given that some laboratory 
values are not available in all NHANES cycles, we created 
four models additionally adjusted for other laboratory val-
ues to evaluate whether that particular laboratory value was 
independently associated with the history of KS based on the 
availability of the data in each NHANES cycle. Model 1 was 
using data from NHANES cycle 2007–2014 since the data 
for 25(OH)D are available from only 2007–2014. In model 
2, we added serum trace elements as predictors using data 
from NHANES cycle 2011–2014 since the data for 25(OH)
D along with serum trace elements are available only from 
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2011 to 2014. For model 3 adding serum estrogen, we used 
data from NHANES cycle 2013–2014 among women since 
serum estrogen along with other laboratory parameters are 
available only in 2013–2014. For model 4 adding serum tes-
tosterone, we used data from NHANES cycle 2011–2014 
among men given that serum testosterone and other labora-
tory parameters are available only from 2011 to 2014.

All statistical analyses were conducted using STATA 
15.1 (StataCorp LLC, Texas, USA). Results were consid-
ered statistically significant with two-sided α < 0.05 unless 
otherwise specified.

Results

Among 28,209 individuals in NHANES who responded to 
the kidney stone question, the weighted and age-standard-
ized overall prevalence of KS from 2007 to 2016 was 9.3% 
(95% CI 8.8–9.8). Men were more likely to report a his-
tory of KS (10.6% [95% CI 9.9–11.3]) than women (8.1% 
[95% CI 7.3–8.8]). The prevalence of KS fluctuated during 
these years initially decreasing from 8.7% (95% CI 7.7–9.8) 
in 2007–2008 to 8.6% (95% CI 7.9–9.2) in 2009–2010 and 
7.2% (95% CI 6.0–8.5) in 2011–2012 and then increased to 
9.0% (95% CI 7.9–10.0) in 2013–2014 and 10.1% (95% CI 
8.9–11.4) in 2015–2016. However, there was a significant 
overall increase in a quadratic trend (p-trend = 0.02) in the 
prevalence of kidney stones from 2007 to 2016. There was 
no significant trend for the secondary outcome of sympto-
matic KS (Table 1).

The prevalence of KS among men fluctuated dur-
ing 2007–2016 initially decreasing from 11.8% (95% CI 
9.8–13.8) in 2007–2008 to 10.2% (95% CI 8.8–11.6) in 
2009–2010 and 7.8% (95% CI 6.0–9.3) in 2011–2012 and 
then increased to 10.5% (95% CI 9.3–11.8) in 2013–2014 
and 13.0% (95% CI 11.5–14.6) in 2015–2016 (p for quad-
ratic trend < 0.001). Overall, the prevalence of KS in men 
increased with age. The highest prevalence was found among 
male individuals with age ≥ 80 years which was 19.7% (95% 
CI 16.9–22.5) followed by age of 60-79 which was 18.8% 
(95% CI 16.8–20.7), age of 40–59 which was 11.5% (95% 
CI 10.1–12.9) and age of 20–39 which was 5.1% (95% CI 

4.3–6.0). Among women, the prevalence of KS increased 
from 6.0% (95% CI 4.9–7.0) in 2007–2008 to 7.3% (95% 
CI 6.3–8.4) in 2009–2010 and 8.0% (95% CI 5.8–10.3) in 
2011–2012 and then increased to 9.4% (95% CI 7.6–11.3) in 
2013–2014 and 9.8% (95% CI 7.7–11.8) in 2015–2016 with 
an overall increasing linear trend (p-trend < 0.001). Sup-
plementary Table 1. The prevalence of KS in women was 
similar among those aged ≥ 80 which was 10.6% (95% CI 
8.1–13.0), aged 60–79 which was 9.2% (95% CI 7.9–10.5) 
and aged 40–59 which was 9.8% (95% CI 8.5–11.1). How-
ever, the prevalence of KS among women aged 20–39 years 
was only 5.8% (95% CI 4.9–6.6). Moreover, the prevalence 
of KS among women was lower than men except at age 
20–39 years.

Among men across the ages of 20–79, there were sig-
nificant quadratic trends from 2007 to 2016 as prevalence 
trends of KS initially decreased from 2007 to 2008 to the 
nadir in 2011–2012 then increased again in 2015–2016. 
However, for men aged ≥ 80 years, the prevalence varied 
substantially during the study period with no statistically 
significant trend. The prevalence initially decreased from 
21.5% (95% CI 13.33–29.7) in 2007-2008 to 14.5% (95% 
CI 8.9–20.2) in 2009–2010 then increased to 23.8% (95% 
CI 15.3–32.3) in 2011–2012 but decreased to 16.6% (95% 
CI 11.8–21.5) in 2013–2014 then increased again to 22.1% 
(95% CI 16.1–28.1). Among women aged 20–79 years, the 
prevalence of KS gradually increased from 2007–2008 to 
2015–2016. However, linear trends were significant only 
among women aged 20–59 years. In women aged ≥ 80 years, 
the prevalence of KS also varied substantially as evidenced 
by no statistically significant trend (Table 2, Fig. 1a, b). A 
quadratic trend for a secondary outcome of symptomatic KS 
was seen among men aged 40–59 years while an increasing 
linear trend for symptomatic KS was seen among women 
aged 20–39 years (Table 3, Fig. 1c, d).

Among different races, non-Hispanic whites had the 
highest prevalence of KS at 9.9% (95% CI 8.9–10.9) fol-
lowed by Hispanic which was 8.3% (95% CI 7.4–9.3), non-
Hispanic blacks which was 4.9% (95% CI 4.3–5.5) and 
non-Hispanic Asians which had the lowest prevalence of 
KS at 4.4% (95% CI 3.4–5.3). However, the prevalence of 
KS among non-Hispanic Asians and non-Hispanic blacks 

Table 1   The prevalence of kidney stones over a decade from 2007 to 2016

Data was standardized by age to 2010 US census

2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 Overall 
2007–2016

p-value for 
linear trend

p-value for 
quadratic 
trend

Prevalence of kidney stones 8.7%
(7.7–9.8)

8.6%
(7.9–9.2)

7.2%
(6.0–8.5)

9.0%
(7.9–10.0)

10.1%
(8.9–11.4)

9.3%
(8.8–9.8)

< 0.001 0.02

Prevalence of passing at 
least one kidney stone

7.5%
(6.4–8.7)

7.2% 
6.5–8.0)

6.1%
(4.6–7.6)

7.7%
(6.6–8.7)

– 7.5%
(6.9–8.1)

0.30 0.16
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was not significantly different. For non-Hispanic whites, the 
prevalence of KS was stable at 9.8% (95% CI 8.4–11.3 in 
2007–2008 and 8.8–10.9 in 2009–2010) from 2007 to 2010 
then declined to 7.9% (95% CI 5.7–10.0) in 2011–2012 but 
then increased to 10.6% (95% CI 9.2–12.0) in 2013–2014 
and 12.1% (95% CI 10.0–14.2) in 2015–2016. Regarding 
Hispanic, the prevalence of KS was stable at 7.6% (95% 
CI 6.1–9.1) in 2007–2008 and 7.4% (95% CI 6.1–8.8) in 
2009–2010 and then fluctuated over the next several time 
periods. The prevalence of KS among non-Hispanic blacks 
also slightly fluctuated. For non-Hispanic Asians, the prev-
alence of KS was stable at 4.4–4.6% from 2011 to 2016 
(Table 4 and Fig. 2a). There were no significant trends for 
the prevalence of KS across any race. Similar findings were 
seen in the secondary outcome of symptomatic KS (Table 5 
and Fig. 2b).

The prevalence of KS among diabetic participants 
was higher than those without diabetes (13.1% vs 8.0%; 
p < 0.001) and the prevalence of KS among participants with 
the history of gout was higher than those without a history 
of gout (16.6% vs 8.5%; p < 0.001). In terms of cigarette 
smoking status, the prevalence of KS among past smok-
ers and current smokers were higher than never smokers. 
For alcohol consumption, the prevalence of KS among for-
mer drinkers was higher than life-long abstainers while the 
prevalence of KS among participants who drank more than 
1 drink/week was lower than life-long abstainers. Overall 

from 2007 to 2016, there were no significant trends for the 
prevalence of KS across either history of diabetes, history 
of gout, smoking or alcohol drinking status (Supplemen-
tary Table 3). The age-standardized laboratory values among 
stone formers and non-stone formers are shown in Table 6. 
Although statistically significant, individuals with a history 
of KS had no clinically significant differences in mean serum 
creatinine (0.88 vs 0.86 mg/dl; p = 0.01) or estimated glo-
merular filtration rate (eGFR) (95.4 vs 96.5 ml/min/1.73 m2; 
p = 0.01), serum phosphate (3.7 vs 3.8 mg/dl; p = 0.0001), 
serum chloride (104.1 vs 103.8 mmol/l; p = 0.001), serum 
bicarbonate (24.6 vs 25.0 mmol/l; p < 0.0001) and serum 
osmolality (278.2 vs 277.9 mmol/kg; p = 0.004). Individuals 
with a history of KS had slightly higher albumin-creatinine 
ratio (8.7 vs 7.8 mg/g; p = 0.0001) and a slightly lower urine 
flow rate (0.8 vs 0.9 ml/min; p = 0.02). While many labora-
tory values were statistically different, the only ones that 
were clinically different were serum estrogen which was 
lower among female stone formers (74.5 vs 108.5 pg/ml; 
p = 0.003) and serum testosterone which was lower among 
male stone formers (393.5 vs 416.4 ng/dl; p = 0.02).

In multivariate analyses, we adjusted for age, sex, 
race, BMI category, history of DM, gout, smoking status 
and alcohol drinking in every model. In model 1 includ-
ing available laboratory data of eGFR, log urine flow rate, 
log albumin-creatinine ratio, serum osmolality, serum 
calcium, phosphate, 25(OH)D categories from NHANES 

Table 2   The prevalence of kidney stones over a decade from 2007 to 2016 stratified by age

Data were standardized by age to 2010 US census

Age Male p-value for Trend

2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 Overall
2007–2016

Linear Quadratic

20–39 6.0%
(3.2–8.7)

5.1%
(3.4–6.7)

3.3%
(1.7–5.0)

4.6%
(2.7–6.6)

6.5%
(4.8–8.3)

5.1%
(4.3–6.0)

0.61 0.01

40–59 12.9%
(10.1–15.6)

10.0%
(7.3–12.8)

8.8%
(5.5–12.1)

12.5%
(9.6–15.4)

14.3%
(10.3 – 18.3)

11.5%
(10.1–12.9)

0.26 0.05

60–79 20.2%
(17.6–22.7)

19.7%
(16.1–23.2)

14.0%
(10.4–17.6)

17.4%
(13.8–20.9)

22.2%
(16.3–28.2)

18.8%
(16.8–20.7)

0.79 0.04

≥ 80 21.5%
(13.33–29.7)

14.5%
(8.9–20.2)

23.8%
(15.3–32.3)

16.6%
(11.8–21.5)

22.1%
(16.1–28.1)

19.7%
(16.9–22.5)

0.70 0.55

Age Female p-value for Trend

2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 Overall
2007–2016

Linear Quadratic

20-39 3.3%
(2.2-4.3)

4.9%
(3.3-6.5)

6.4%
(4.0-8.9)

7.3%
(5.5-9.1)

7.1%
(4.6-9.6)

5.8%
(4.9-6.6)

0.001 0.38

40-59 7.2%
(5.1-9.4)

9.1%
(7.1-11.1)

9.1%
(6.2-11.9)

11.2%
(8.3-14.1)

12.0%
(7.7-16.3)

9.8%
(8.5-11.1)

0.03 0.90

60-79 8.5%
(5.3-11.6)

8.5%
(5.3-11.6)

9.0%
(4.8-13.2)

10.1%
(6.9-13.2)

10.4%
(8.4-12.4)

9.2%
(7.9-10.5)

0.22 0.89

≥ 80 10.0%
(4.8-15.1)

15.6%
(10.1-21.2)

8.4%
(3.6-13.3)

8.9%
(2.3-15.6)

9.9%
(3.6-16.2)

10.6%
(8.1-13.0)

0.37 0.99
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cycle 2007–2014, we found that higher log urine albumin-
creatinine ratio and serum osmolality were independently 
associated with higher odds of history of KS. In model 2 
after adding serum trace elements, we found independently 
association between higher serum copper and lower odds of 
history of KS among men (OR = 0.85 [95% CI 0.77–0.95] 
per 10 μg/L) but not women (OR = 1.01 [95% CI 0.91–1.11] 
per 10 μg/L) (p interaction = 0.02). After adding serum 
estrogen and trace elements, none of the laboratory values 
were associated with a history of KS among women (model 
3). However, in model 4, after adding serum testosterone and 
serum trace elements, higher serum copper was indepen-
dently associated with lower odds of history of KS among 
men (Table 7).

Discussion

The prevalence of KS, defined as a history of KS, has con-
tinued to rise over the past three decades in the US from 
3.2% in 1980 [15] to 5.2% in 1994 [15, 16], 8.8% in 2010 
[17] and 10.1% in 2016. However, the NHANES data for 
the decade 2007–2016, demonstrates substantial variability 
over many 2-year cycles. For example, the prevalence of KS 
in the US decreased from 2007 to 2010 but then increased 
after 2011. This is most likely due to random variability as 
it is very unlikely that there were abrupt changes in the true 
population prevalence over such a short period of time. It is 
also unlikely that increasing use and sensitivity of imaging 
studies led to an increase in incidental findings since we 

Fig. 1   a Weighted prevalence 
of kidney stone by age among 
male from 2007 to 2016. b 
Weighted prevalence of kidney 
stone by age among female 
from 2007 to 2016. c Weighted 
prevalence of symptomatic kid-
ney stone by age among male 
from 2007 to 2016. d Weighted 
prevalence of symptomatic kid-
ney stone by age among female 
from 2007 to 2016
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observed similar trends of prevalence for symptomatic KS. 
However, we found an overall increase in the quadratic trend 
of the prevalence of KS from 2007 to 2016.

Previous literature using NHANES for chronic diseases 
such as the study by Yoon et al. [18] of trends in blood pres-
sure among adults with hypertension, the study by Hales 
et al. [19] of trends in obesity and severe obesity prevalence 
in US youth and adults, the study by Palmer et al. [20] of 
trends in diabetes as well as the study by Chen-Xu et al. 
[21] of the trends in gout and hyperuricemia also demon-
strated variability in prevalence between 2-year cycles as 
we observed for kidney stones. This emphasizes the impor-
tance of examining long-term trends. From 2007 to 2016, 

our study observed an overall increase in the trend of the 
prevalence of KS. However, after stratified by diabetes and 
a history of gout, we did not find any significant trends in the 
prevalence of KS. These findings suggested that the increase 
in trend of the prevalence of KS might be explained in part 
by the increasing prevalence of diabetes [19] and diabetes 
is associated with a higher risk of KS. The prevalence of 
KS varied by age and sex. On average, among women aged 
20–79 years, the prevalence of KS was increasing since 
2007. We observed a quadratic trend for the prevalence trend 
of KS among men aged 20–79 with the nadir in 2011–2012. 
Nonetheless, for both men and women aged ≥ 80 years, the 
variability from cycle to cycle was larger than other age 

Fig. 1   (continued)
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ranges as we observed the substantial fluctuating prevalence 
from 2007 to 2016. Moreover, we noticed larger confidence 
intervals among men and women aged ≥ 80 years, likely 
explained by smaller sample size in this age group. Fur-
thermore, we also found that the prevalence of KS among 
women was higher than men at age 20–39 years. We pos-
tulated that this reproductive age group was the time when 
most of the pregnancies occurred. As pregnancy is the risk 
of KS [22], it might be the reason for the higher prevalence 
of KS among women compared to men in this age group.

Regarding race/ethnicity, the overall prevalence was low-
est among non-Hispanic Asians, followed by non-Hispanic 
blacks, Hispanic and non-Hispanic whites, respectively. For 
the prevalence of symptomatic KS, the lowest prevalence 
was found among non-Hispanic blacks. However, there 
was no significant difference between non-Hispanic blacks 
and non-Hispanic Asians. These findings across all races 
including Asians were consistent with the previous nation-
wide study using data from the Cancer Prevention Survey 
(CPS II). The lower prevalence of kidney stones among 

Table 3   The prevalence of symptomatic kidney stone from 2007 to 2014 stratified by age

Data were standardized by age to 2010 US census
No information for NHANES 2015–2016 cycle

Age Male p-value for Trend

2007–2008 2009–2010 2011–2012 2013–2014 Overall 2007–2014 Linear Quadratic

20-39 5.9%
(3.1-8.6)

4.6%
(3.1-6.2)

3.0%
(1.5-4.5)

4.2%
(2.6-5.9)

4.4%
(3.5-5.2)

0.15 0.26

40-59 10.9%
(8.4-13.4)

8.2%
(5.8-10.5)

8.1%
(5.3-10.9)

11.5%
(8.5-14.5)

9.6%
(8.2-11.0)

0.56 0.03

60-79 17.5%
(15.3-19.6)

17.2%
(13.3-21.1)

10.9%
(7.3-14.5)

14.7%
(11.9-17.5)

15.1%
(13.4-16.9)

0.16 0.12

≥ 80 16.8%
(7.9-25.7)

11.2%
(5.9-16.5)

19.3%
(11.0-27.7)

15.5%
(9.2-21.7)

15.7%
(12.3-19.1)

0.75 0.87

Age Female p-value for Trend

2007–2008 2009–2010 2011–2012 2013–2014 Overall 2007–2014 Linear Quadratic

20-39 2.4%
(1.7-3.1)

3.8%
(2.3-5.4)

5.3%
(3.1-7.5)

6.1%
(4.3-7.9)

4.5%
(3.6-5.3)

0.001 0.95

40-59 5.9%
(3.7-8.1)

7.8%
(5.9-9.7)

7.4%
(4.3-10.4)

8.8%
(5.6-11.9)

7.6%
(6.3-8.8)

0.13 0.81

60-79 7.2%
(4.2-10.2)

6.5%
(4.0-9.0)

7.0%
(3.2-10.9)

8.5%
(5.2-11.7)

7.1%
(5.6-8.5)

0.71 0.71

≥ 80 8.6%
(3.9-13.2)

11.8%
(6.4-17.2)

7.5%
(3.1-12.0)

6.9%
(1.4-12.5)

8.7%
(6.2-11.1)

0.35 0.46

Table 4   The prevalence of kidney stones over a decade from 2007-2016 stratified by race

Data was standardized by age to 2010 US census

Race 2007–2008 2009–2010 2011–2012 2013–2014 2015–2016 Overall 
2007–2016

p-value for 
linear trend

p-value for 
quadratic 
trend

Non-Hispanic 
White

9.8%
(8.4-11.3)

9.8%
(8.8-10.9)

7.9%
(5.7-10.0)

10.6%
(9.2-12.0)

12.1%
(10.0-14.2)

9.9%
(8.9-10.9)

0.14 0.52

Non-Hispanic 
Black

4.8%
(2.9-6.7)

4.6%
(3.2-6.0)

4.2%
(3.3-5.1)

5.0%
(3.7-6.3)

5.7%
(4.8-6.7)

4.9%
(4.3-5.5)

0.56 0.97

Hispanic 7.6%
(6.1-9.1)

7.4%
(6.1-8.8)

8.7%
(6.6-10.9)

7.5%
(5.7-9.4)

9.1%
(7.7-10.5)

8.3%
(7.4-9.3)

0.13 0.07

Non-Hispanic 
Asian

Included in other 
races

Included in other 
races

4.4%
(2.9-5.9)

4.6%
(2.7-6.5)

4.5%
(2.1-6.9)

4.4%
(3.4-5.3)

0.86 0.78

Other races 3.9%
(2.2-5.5)

7.4%
(5.0-9.7)

8.7%
(5.7-11.7)

9.1%
(4.6-13.6)

9.9%
(6.2-13.6)

11.0%
(8.0-14.0)

0.18 0.09
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non-Hispanic blacks than non-Hispanic whites might be 
explained by the lower urinary calcium excretion leading 
to a lower relative urinary supersaturation of calcium salts 
[23]. Although there appeared to be an increase in the preva-
lence of kidney stone among non-Hispanic blacks, it was 
not statistically significant. The increasing prevalence trend 
might be explained by the lower vegetable intake among 
non-Hispanic blacks [24]. Future studies should focus on 

24-h urinary chemistries and dietary intake among Asians to 
better understand the lower prevalence in this group.

Risk factors for stone formation include family history of 
KS, renal tubular acidosis (RTA) [25], inflammatory bowel 
disease (IBD) [26], sarcoidosis [27], obesity, diabetes [28], 
metabolic syndrome [29] and urine risk factors including 
urine oxalate, urine calcium and urine citrate [30–32]. The 
increasing trends in the prevalence of IBD [33], obesity [19], 

Fig. 2   a Weighted prevalence of kidney stone by race over a decade from 2007 to 2016. b Weighted prevalence of symptomatic kidney stone by 
race from 2007 to 2014
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Table 5   The prevalence of symptomatic KS over a decade from 2007 to 2014 stratified by race

Data was standardized by age to 2010 US census
No information for NHANES 2015–2016 cycle

Race 2007–2008 2009–2010 2011–2012 2013–2014 Overall 
2007–2014

p-value for 
linear trend

p-value for 
quadratic 
trend

Non-Hispanic White 8.6%
(7.1–10.0)

8.3%
(7.1–9.4)

6.8%
(4.6–9.0)

9.2%
(7.9–10.6)

8.0%
(6.7–9.2)

0.08 0.08

Non-Hispanic Black 3.7%
(2.1–5.3)

3.7%
(2.1–5.2)

2.8%
(1.9–3.6)

3.3%
(2.0–4.6)

3.0%
(2.2–3.7)

0.53 0.53

Hispanic 6.7%
(5.2–8.2)

5.9%
(4.6–7.1)

7.6%
(5.5–9.7)

6.2%
(4.7–7.8)

6.8%
(5.7–7.9)

0.19 0.19

Non-Hispanic Asian Included in other 
races

Included in other 
races

3.1%
(1.7–4.5)

3.8%
(2.2–5.5)

3.2%
(2.3–4.1)

0.78 0.78

Other races 3.1%
(1.6–4.6)

6.5%
(4.0–8.9)

6.4%
(4.2–8.5)

8.5%
(4.1–13.0)

9.2%
(6.7–11.8)

0.48 0.48

Table 6   Laboratory values comparing individuals with and without a history of kidney stone

Analysis was weighed to account for survey design and to reflect national population estimates. Data was age-standardized
*Information for urine flow rate was only available from 2009 to 2016
**Information for vitamin D was only available from 2007 to 2014
***Information for serum copper, selenium, zinc and total testosterone was only available from 2011 to 2016
****Information for serum estrogen was only available from 2013 to 2016
†The data was skewed so we transformed using the natural logarithm and back-transformed to represent geometric mean

Relevant laboratory factors Kidney Stone p-value

Non-stone formers
(n = 25601)

Stone formers
(n = 2608 )

Serum creatinine (mg/dl) 0.86 (0.003) 0.88 (0.007) 0.01
eGFR (mL/min/1.73 m2) 96.5 (0.24) 95.4 (0.52) 0.01
Albumin-creatinine ratio (mg/g)† 7.8 (0.10) 8.7 (0.24) 0.0001
Urine flow rate (ml/min)*,† 0.9 (0.01) 0.8 (0.02) 0.02
Serum uric acid (mg/dl) 5.4 (0.01) 5.5 (0.04) 0.004
Serum calcium (mg/dl) 9.4 (0.007) 9.4 (0.02) 0.46
Serum phosphate (mg/dl) 3.8 (0.007) 3.7 (0.02) 0.0001
Serum sodium (mmol/L) 139.2 (0.06) 139.2 (0.08) 0.66
Serum potassium (mmol/L) 4.0 (0.006) 4.0 (0.010) 0.50
Serum chloride (mmol/L) 103.8 (0.08) 104.1 (0.11) 0.001
Serum bicarbonate (mmol/L) 25.0 (0.06) 24.6 (0.09) < 0.0001
Serum osmolality (mmol/kg) 277.9 (0.11) 278.2 (0.18) 0.004
Serum vitamin D (25OHD2 + 25OHD3) (nmol/l)** 68.7 (0.78) 69.3 (1.18) 0.52
Vitamin D deficiency group (25(OH)D < 50 nmol/l)** 18.9% 17.0% 0.16
Vitamin D insufficiency group (50 ≤ 25(OH)D < 75 nmol/l)** 27.6% 30.0%
Normal vitamin D (25(OH)D ≥ 75 nmol/l)** 53.5% 53.0%
Serum estrogen (pg/ml) in females*** 108.5 (9.70) 74.5 (0.48) 0.003
Serum testosterone (ng/dl) in males**** 416.4 (4.78) 393.5 (8.58) 0.02
Serum copper (μg/dL)***,† 115.3 (0.81) 115.5 (1.53) 0.90
Serum selenium (μg/L)*** 129.9 (0.59) 128.5 (0.84) 0.14
Serum zinc (μg/dL)*** 82.0 (0.43) 80.5 (0.85) 0.06
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diabetes [34], and metabolic syndrome [35] over time might 
increase in affecting the rate of kidney stones. However, 
regarding laboratory risk factors, there are limited data from 
the previous literature. Our study investigated the associa-
tion between sex hormones and the risk of KS. Interestingly, 
we found that serum testosterone among male stone formers 
was lower than non-stone formers in contrast with the previ-
ous purported belief that testosterone may promote calcium 
oxalate stone formation. Testosterone enhances the activity 
of hepatic glycolic acid oxidase, suppresses osteopontin in 
the kidney and increases urinary oxalate excretion [36–38]. 
Nonetheless, more recent studies reported low serum tes-
tosterone levels in men were associated with a higher risk 
of KS [39, 40]. Potential explanations for these findings are 
obesity and metabolic syndrome including diabetes and 
hypertension, which confound the association between low 
serum testosterone and risk of KS. Metabolic syndrome and 
obesity are strongly associated with a higher risk of kid-
ney stones [29] and are associated with lower testosterone 
levels [41, 42]. Obesity and metabolic syndrome including 
insulin resistance increase inflammatory cytokine leading 
to a suppression of testosterone production [43] as well as 

precipitating kidney stone formation through the expres-
sion of monocyte chemoattractant protein 1, osteopontin 
and macrophage infiltration [44]. Similarly, for estrogen, we 
observed lower mean serum estrogen among female stone 
formers compared to non-stone formers. Estrogen has anti-
lithogenic effects: it inhibits bone resorption and increases 
calcium absorption in the distal tubule, and increases urine 
citrate excretion [45–47]. Nevertheless, we did not find a 
significant association between serum estrogen and KS. 
Thus, the multivariable-adjusted model demonstrated that 
the differences in testosterone and estrogen levels by KS 
status could be explained by other factors. Future studies 
should explore these complex interactions between estrogen 
and testosterone and risk of KS along with assessing 24-h 
urine chemistry.

After multivariable adjustment, higher albumin-creatinine 
ratio and serum osmolality in model 1 were independently 
associated with higher odds of history of KS. Having a his-
tory of KS might increase the risk of CKD and proteinuria 
[48]. Additionally, higher serum osmolality was associated 
with higher odds of history of KS. The most likely explana-
tion is lower fluid consumption, one of the strongest risk 

Table 7   Odds ratio for history of kidney stone for each laboratory value

Model 1 is performed in NHANES cycle 2007–2014 since the data for vitamin D is available from only 2007–2014 adjusted for age, sex, race, 
BMI, DM, gout, smoking, alcohol. The model also included eGFR, log urine flow rate, log albumin-creatinine ratio, serum osmolality, serum 
calcium, phosphate, 25-OH vitamin D
Model 2 is performed in NHANES cycle 2011–2014 since the data for vitamin D along with serum copper, zinc and selenium is available from 
only 2011–2014 adjusted for age, sex, race, BMI, DM, gout, smoking, alcohol. The model also included eGFR, log albumin-creatinine ratio, log 
urine flow rate, serum osmolality, serum calcium, phosphate, 25-OH vitamin D, serum copper, selenium and zinc
Model 3 is performed in NHANES cycle 2013–2014 only among female since the data for serum estrogen along with other parameters is avail-
able from only 2013–2014 adjusted for age, race, BMI, DM, gout, smoking, alcohol. The model also included eGFR, log albumin-creatinine 
ratio, log urine flow rate, serum osmolality, serum calcium, phosphate, 25-OH vitamin D, serum copper, selenium, zinc and estrogen
Model 4 is performed in NHANES cycle 2011–2014 only among male since the data for serum testosterone along with other parameters is avail-
able from only 2011–2014 adjusted for age, race, BMI, DM, gout, smoking, alcohol. The model also included eGFR, log albumin-creatinine 
ratio, serum osmolality, serum calcium, phosphate, 25-OH vitamin D, copper, selenium, zinc and testosterone

Relevant laboratory factors Odds ratios for the history of KS

Model 1 Model 2 Model 3 Model 4

eGFR (mL/min/1.73 m2) 1.00 (0.99, 1.01) 0.99 (0.98, 1.00) 0.99 (0.97, 1.01) 1.00 (0.98, 1.01)
Log urine albumin-creatinine ratio 1.10 (1.00, 1.20) 0.99 (0.83, 1.19) 1.36 (0.93, 1.98) 1.03 (0.80, 1.32)
Log urine flow rate 0.88 (0.76, 1.01) 0.84 (0.68, 1.05) 0.96 (0.60, 1.55) 0.77 (0.51, 1.16)
Serum osmolality (5 mmol/kg) 1.10 (1.03, 1.17) 1.05 (0.87, 1.25) 1.01 (0.75, 1.38) 0.85 (0.67, 1.07)
Serum calcium (mg/dl) 0.95 (0.66, 1.35) 0.80 (0.41, 1.56) 0.40 (0.08, 1.99) 1.22 (0.57, 2.61)
Serum phosphate (mg/dl) 0.82 (0.67, 1.01) 0.94 (0.63, 1.40) 0.69 (0.36, 1.33) 0.93 (0.49, 1.75)
Vitamin D deficiency group (25(OH)D < 50 nmol/l) Reference Reference Reference Reference
Vitamin D insufficiency group (50 ≤ 25(OH)D < 75 nmol/l) 1.03 (0.85, 1.24) 1.19 (0.75, 1.89) 1.12 (0.36, 3.47) 1.08 (0.57, 2.03)
Replete vitamin D (25(OH)D ≥ 75 nmol/l) 0.99 (0.78, 0.96) 1.40 (0.84, 2.35) 1.06 (0.33, 3.43) 0.87 (0.37, 2.04)
Serum copper (10 μg/L) 0.95 (0.87, 1.03) 1.02 (0.90, 1.15) 0.85 (0.76, 0.96)
Serum selenium (10 μg/L) 0.94 (0.87, 1.02) 0.99 (0.90, 1.10) 0.91 (0.81, 1.03)
Serum zinc (10 μg/dL) 1.00 (0.86, 1.16) 0.82 (0.62, 1.08) 1.03 (0.87, 1.23)
Serum estrogen (10 pg/ml) 0.97 (0.92, 1.03)
Serum testosterone (10 ng/dl) 0.99 (0.97, 1.01)



37Urolithiasis (2021) 49:27–39	

1 3

factors for stone formation [49, 50]. However, these findings 
were not significant in either model 2, 3 or 4 possibly due to 
confounding by serum trace elements and sex hormones on 
urine albumin-creatinine ratio and serum osmolality. Fur-
thermore, using data from NHANES cycle 2011–2014, we 
unexpectedly found that higher serum copper was indepen-
dently associated with lower odds of history of KS among 
men but not women, and the interaction of serum copper 
and sex was statistically significant. Some studies postulated 
that copper might have a modest inhibitory effect on cal-
cium phosphate crystallization [51, 52]. However, lithogenic 
effects of copper still remain unclear since a study by Fer-
raro et al. [53] revealed that higher total intake of copper 
was associated with a higher risk of KS; however, this asso-
ciation was significant only among women. Furthermore, 
serum copper was no longer associated with lower odds 
of history of KS after Bonferroni adjustment (Bonferroni 
p-value = 0.06).

Regarding vitamin D, there was no significant difference 
in serum 25(OH)D level between stone formers and non-
stone formers in our study. A previous study from the UK 
reported that ~ 30% of stone formers had vitamin D defi-
ciency while only 18% of stone formers had vitamin D defi-
ciency in our study. However, it is difficult to compare across 
studies since the distributions of ethnicity, dietary patterns, 
geographic location, seasonal variation and the technique 
of vitamin D measurement might be different. Moreover, in 
our study, it appears that replete vitamin D, defined as serum 
25(OH)D level ≥ 75 nmol/l, was not significantly associated 
with odds of KS. It is uncertain whether vitamin D sup-
plementation, especially among individuals with vitamin D 
deficiency, would increase the risk of KS. Previous stud-
ies did not show a significant risk of KS even though there 
was a non-significant rise in 24-h urine calcium excretion 
[54]. Furthermore, a study by Ferraro et al. did not find a 
significant association between vitamin D intake in typical 
amounts and risk of KS. The relationship between vitamin 
D intake, circulating level of 25(OH)D and risk of kidney 
stones is complex as the active metabolite 1,25(OH)2D, a 
pivotal factor of calcium stone formation is tightly regulated 
by the activity of 1-alpha-hydroxylase enzyme and PTH axis 
[55–57].

Prior studies by Scales et al. [17] focused on responses 
to the 2007–2010 NHANES and Chen et al. [10] performed 
analysis using data from 2007 to 2014. While these studies 
examined overall trends over periods of time, neither one 
reported statistical tests for the time trends across age, sex and 
races. Our study updated the prevalence of KS with the newest 
available data in NHANES and age-standardized to 2010 US 
Census to compare populations at more than two-time points 
and to remove the impact of different age distributions. Addi-
tionally, we also examined risk factors of kidney stones based 
upon various laboratory chemistries including sex hormones 

and trace elements. Compared to previous studies using dif-
ferent cohorts by Tasian et al. [58] based on South Carolina 
Medical Encounter data and Kittanamongkolchai et al. [59] 
based on Rochester Epidemiology Project data results from all 
studies including our study demonstrated the overall increas-
ing rates of KS. There was a significant increasing rate of KS 
among female. This increase in the rate of KS parallels with 
the increase in female obesity in the US [19, 60]. However, the 
change in rates of KS among male was not consistent across 
studies. Our results did not show a significant change in the lin-
ear trend of the rate of KS consistent with the study by Tasian 
et al. that reported a relatively stable rate of KS among men 
but in contrast to the study by Kittanamongkolchai et al. that 
showed a significant increase in KS rate in men. In terms of 
race, although there were increasing rates of KS among non-
Hispanic whites and blacks, these trends were not statistically 
significant in our study. Similarly, the study by Tasian et al. 
pointed out that the rates of kidney stones were increasing in 
whites and blacks. However, they found that the change in the 
rate of KS was greater among blacks.

Limitations include the cross-sectional study design of 
NHANES. Hence, the temporal relationship between KS 
and laboratory values cannot be determined. We could only 
estimate the associations but not causal effects. In addition, 
since NHANES data are self -reported, response to kidney 
stone questions in the survey might not be as accurate as coded 
data. Validation of a history of kidney stone might be needed. 
However, a recent population-based study in Olmsted County, 
Minnesota identified participants based upon ICD-9 codes and 
manual chart review. This study also found the rate of kid-
ney stones had been increasing from 1984 to 2012, especially 
among men and women aged 18-60 years old [59]. Finally, 
NHANES did not have information on some bone-mineral 
markers and no 24-hour urine data.

In conclusion, there was substantial variability in the preva-
lence of KS during individual 2-year time periods. However, 
there was an overall increase in prevalence of KS over 2007-
2016. Future analyses of NHANES data on kidney stones as 
well as other chronic conditions should keep this variability 
in mind before drawing conclusions about abrupt changes in 
prevalence. The variability of period-specific prevalence val-
ues emphasizes the importance of examining long-term trends 
using more than a single 2-year cycle in analyses to increase 
the precision of the estimate.
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