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Background: Body mass index (BMI) is a vital risk factor for kidney stones, but physical
activity may reduce the incidence of kidney stones. However, it remains unknown whether
physical activity reduces the effect of high BMI on kidney stones in diabetes participants.

Methods: We included clinical information from 4,008 adult participants with diabetes
from the National Health and Nutrition Examination Survey (NHANES) database from
2007 to 2018. Univariate and multivariate logistic regression analyses were used to
analyze the relationship between BMI and kidney stones, as well as the risk of BMI and
kidney stones in different physical activity subgroups.

Results: A total of 4,008 diabetic participants were included in this study, of whom
652 (16.3%) self-reported a history of kidney stones. Logistic regression analysis
showed a positive association between BMI and kidney stones. After adjusting for
other confounders, the adjusted ORs for the risk of kidney stones was 1.514 (95%
Cl, 1.134-2.022, p = 0.005) for participants with BMI >30 kg/m? among all participants;
the risk of kidney stones was elevated (OR = 1.572, 95% Cl, 1.134-2.022, p = 0.005) in
group without physical activity, and a reduced risk (OR = 1.421, 95% ClI, 0.847-2.382,
p = 0.183) in the group with physical activity. Furthermore, similar results were found in
most subgroups.

Conclusion: Our study suggests that high BMl is a risk factor for diabetes kidney stone
participants and that physical activity may moderate this relationship to some extent.

Keywords: kidney stones, body mass index, physical activity, diabetes, NHANES database

BACKGROUND

Kidney stones are stones in the junction of renal calyces, renal pelvis or pelvic ureter and are
one of the most common urological diseases, accounting for 40-50% of all urinary stone diseases
(1, 2). Hematuria and back pain are the main clinical manifestations, which can cause urological
infection, urinary tract obstruction and even uremia (3, 4). Kidney stones are a complex disease
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caused by environmental, dietary and genetic factors, with an
incidence of over 6-12% and a 5-year recurrence rate of up to
50%, seriously affecting human health (5).

There are many risk factors for kidney stones, such as
metabolic, dietary, pharmacological and environmental (6, 7).
Metabolic syndrome is a group of clinical symptoms of metabolic
disorders characterized by abdominal obesity, hyperglycemia,
hypertension, high triglycerides, and abnormal HDL cholesterol
(8). Related studies have found that the development of
kidney stones is closely related to lifestyle-related diseases
such as hyperglycemia, obesity, hypertension and dyslipidemia
components of the metabolic syndrome, and that the metabolic
syndrome and its components can significantly increase the
prevalence of kidney stones (9, 10).

Diabetes is a common metabolic disease, and previous studies
have shown a positive association between diabetes and kidney
stone risk (11). Taylor et al. (12) found that diabetic patients are
more likely to develop kidney stones than the general population.
Domingos et al. (13) found a higher prevalence of diabetes in
patients with kidney stones compared to normal subjects through
a survey analysis of 23,349 individuals. Patients with diabetic
kidney stones have a worse prognosis and poorer quality of life
than patients with general kidney stones (14).

Obesity is a common disease worldwide and is often defined
by body mass index (BMI). One study found a correlation
between the incidence of kidney stones and human BMI, with
both overweight (BMI 25.0-29.9 kg/m?) and obesity (BMI >30
kg/m?) increasing the risk of kidney stones to some extent (15).
Obesity is not only associated with the formation of kidney stones
but also with their recurrence. Lee et al. (16) analyzed more
than 700 patients with primary kidney stones and found that the
proportion of stone recurrence within 5 years was significantly
higher in patients with BMI >30 kg/m2 than in those with BMI
<25 kg/m2 (42 vs. 14.9%, p = 0.0012), and multiple logistic
regression analysis showed obesity was the only predictor of
stone recurrence.

A healthy lifestyle can improve quality of life and reduce the
incidence of disease, and physical activity is an integral aspect of
this (17). However, studies on the relationship between physical
activity and kidney stones are relatively few and the results
are inconsistent. Feng et al. (18) found that physical activity
was inversely associated with the prevalence of kidney stones
through a survey of 8,931 US participants, and that physical
activity reduced the incidence of kidney stones. In contrast, in
a large prospective cohort, no independent association between
physical activity and kidney stones was found (19). The specific
relationship between physical activity levels and kidney stones is
not known.

Since most of the current study population is general kidney
stone patients, fewer studies have been conducted on diabetes
kidney stone patients. In addition, since both BMI and physical
activity may have an effect on kidney stones, it is unclear
whether they have a combined effect in modulating diabetes
kidney stones. In this study, we used data from the National
Health and Nutrition Examination Survey (NHANES) database
to explore the relationship between BMI and patients with
diabetes kidney stones and to provide insight into whether

NHANES diabetes participants (>20 years) between 2007 and 2018
n=4,628

Incomplete stone survey
n=21

Unknown BMI
n=284

Unknown education level
n=10

Unknown marital status
n=4

Unknown hypertension
n=10

Unknown renal Function
n=291

4,008 participants included in analytic cohort
3,356 non-stone former + 652 stone former

FIGURE 1 | Schematic overview for patient identification.

physical activity may reduce the risk of kidney stones caused
by high BMI.

MATERIALS AND METHODS

Data Sources and Preparation

The NHANES database is a cross-sectional survey conducted
by the National Center for Health Statistics (NCHS) to assess
the health and nutritional status of adults and children in the
U.S. The NHANES database includes demographic information,
socioeconomic information, dietary status, health-related issues,
and medical health-related physical examinations and laboratory
tests (20). The NHANES database is a publicly available database
that the database has published data files from the survey online
on a 2-year cycle since 1999.

The current study included publicly available data from
NHANES for six cycles between 2007 and 2018. We first
identified 4,628 adult participants with diabetes and subsequently
developed the following exclusion criteria: a) incomplete stone
survey (n = 21); b) unknown BMI (n = 284); c¢) unknown
education level (n = 10); d) unknown marital status (n = 4);
e) unknown hypertension status (n = 10); f) unknown renal
function indicators (n = 291). A total of 4,008 study subjects were
eventually enrolled in this study (Figure 1).

Study Variables and Other Variables

Kidney stones were determined based on the KIQ026
question from the Kidney Conditions - Urology survey in
the questionnaire data. Questions on kidney stones was asked in
the home, by trained interviewers, using the Computer-Assisted
Personal Interview (CAPI) system (21). In the questionnaire,
participants were asked by a trained professional, “Have you ever
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had a kidney stone” and if the participant answered “Yes,” they
were considered to have a history of kidney stones.

In addition, some other variables such as gender (female
and male), age (<60 years and >60 years), race (Non-
Hispanic white, Non-Hispanic black, Mexican American, other
Hispanic, and other race), education level (less than high
school, high school or equivalent, and college or above),
marital status (married and unmarried), BMI (<25.0 kg/m2

25.0-29.9 kg/m? and >30.0 kg/m?), hypertension (yes and

no), smoking status (never, former and current), physical

activities status (yes and no), and blood urea nitrogen,

creatinine, uric acid, and estimated glomerular filtration rate

(eGFR) were also included in this study. BMI was calculated
by the formula: weight(kg)/(height(m?)*height(m?)). Physical

activity was determined according to “Physical Activity” in the
questionnaire data. Hypertension and diabetes were diagnosed by

TABLE 1 | Baseline characteristics of diabetes participants between 2007 and 2018.

Characteristic Total None-stone formers Stone formers P-value
No. (%) No. (%) No. (%)

Total patients 4,008 3,356 (83.7) 652 (16.3)

Gender <0.001
Male 2,081 (51.9) 1,684 (50.2) 397 (60.9)

Female 1,927 (48.1) 1,672 (49.8) 255 (39.1)

Age 0.027
<60 years 1,487 (37.1) 1,270 (37.8) 217 (33.3)

>60 years 2,521 (62.9) 2,086 (62.2) 435 (66.7)

Race <0.001
Non-Hispanic white 1,382 (34.5) 1,072 (31.9) 310 (47.5)

Non-Hispanic black 1,021 (25.5) 924 (27.5) 97 (14.9)

Mexican American 711.(17.7) 607 (18.1) 104 (16.0)

Other Hispanic 433 (10.8) 361 (10.8) 72 (11.0)

Other 461 (11.5) 392 (11.7) 69 (10.6)

Education level 0.448
Less than high school 1,393 (34.8) 1,179 (35.1) 214 (32.8)

High school or equivalent 890 (22.2) 746 (22.2) 144 (22.1)

College or above 1,725 (43.0) 1,431 (42.6) 294 (45.1)

Marital status 0.007
Married 2223 (55.5) 1830 (54.5) 393 (60.3)

Unmarried 1785 (44.5) 1526 (45.5) 259 (39.7)

BMI (kg/m?) 0.017
<25.0 536 (13.4) 464 (13.8) 72 (11.0)

25.0-29.9 1,154 (28.8) 983 (29.3) 171 (26.2)

>30.0 2,318 (57.9) 1,909 (56.9) 409 (62.7)

Hypertension 0.544
Yes 2800 (69.9) 2338 (69.7) 462 (70.9)

No 1208 (30.1) 1018 (30.3) 190 (29.1)

Smoking status 0.099
Never 2,004 (50.0) 1,699 (50.6) 305 (46.8)

Former 1,380 (34.4) 1,132 (33.7) 248 (38.0)

Current 624 (15.6) 525 (15.6) 99 (15.2)

Physical activities 0.160
No 2,671 (66.6) 2,221 (66.2) 450 (69.0)

Yes 1,337 (33.4) 1,135 (33.8) 202 (31.0)

Blood urea nitrogen (mg/dL) 1713, 8.82 16.983, 8.60 18.17,9.78 0.001
Creatinine (mg/dL) 1.05,0.77 1.08, 0.73 1.11,0.98 0.024
Uric acid (mg/dL) 5.74,1.60 5.73,1.58 5.80, 1.68 0.363
eGFR [mL/(min-1.73 m?)] 80.64, 26.26 81.21, 26.39 77.69, 25.40 0.002

For categorical variables, P-values were analyzed by chi-square tests. For continuous variables, the t-test was used.

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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a physician or other health professional. The eGFR was calculated
by the following Equation (4):

eGFR = 141 xmin(Scr/a, 1)P x max(Scr/a, 1)712% x0.99328¢
xyx1.159(ifblack).

a=09,p=—0411,y=1,
a=07p=—0329,y = 1.018.

Male:

Female :

Statistical Analysis
Continuous data were presented as mean =+ standard deviation
(SD) and categorical data were described as number (n) and

percentage (%). T-tests were used to assess continuous variables
and chi-square tests were used to assess categorical demographic
differences. In processing the data, weights were analyzed for
the data in different cycles. Logistic regression models and
dose-response curves with restricted cubic spline (RCS) were
used to assess the association between BMI and kidney stones
in different physical activity groups, and results are presented
as adjusted odds ratios (aORs) and 95% confidence intervals
(CIs). We constructed four models for the logistic regression
analysis. Model 1 was univariate analysis. In model 2, we
adjusted for gender, age, and race because demographic factors
were associated with physical activity. Subsequently, we further

TABLE 2 | Baseline characteristics of diabetes participants between 2007 and 2018 based on physical activity status.

Characteristic Total No physical activity Physical activity P-value
No. (%) No. (%) No. (%)

Total patients 4,008 2,671 (66.6) 1,337 (33.4)

Gender <0.001

Male 2,081 (51.9) 1,311 (49.1) 770 (57.6)

Female 1,927 (48.1) 1,360 (50.9) 567 (42.4)

Age <0.001

<60 years 1,487 (37.1) 904 (33.8) 583 (43.6)

>60 years 2,521 (62.9) 1,767 (66.2) 754 (56.4)

Race <0.001

Non-Hispanic white 1,382 (34.5) 951 (35.6) 431(32.2)

Non-Hispanic black 1,021 (25.5) 651 (24.4) 370 (27.7)

Mexican American 711.(17.7) 495 (18.5) 216 (16.2)

Other Hispanic 433 (10.8) 309 (11.6) 124 (9.3)

Other 461 (11.5) 265 (9.9) 196 (14.7)

Education level <0.001

Less than high school 1,393 (34.8) 1,099 (41.1) 294 (22.0)

High school or equivalent 890 (22.2) 616 (23.1) 274 (20.5)

College or above 1,725 (43.0) 956 (35.8) 769 (57.5)

Marital status 0.214

Married 2,223 (565.5) 1,463 (54.8) 760 (56.8)

Unmarried 1,785 (44.5) 1,208 (45.2) 577 (43.2)

BMI (kg/m?) 0.010

<25.0 536 (13.4) 347 (13.0) 189 (14.1)

25.0-29.9 1,154 (28.8) 735 (27.5) 419 (31.3)

>30.0 2,318 (57.8) 1,589 (59.5) 729 (54.5)

Hypertension <0.001

Yes 2,800 (69.9) 1,926 (72.1) 874 (65.4)

No 1208 (30.1) 745 (27.9) 463 (34.6)

Smoking status <0.001

Never 2,004 (50.0) 1,284 (48.1) 720 (53.9)

Former 1,380 (34.4) 928 (34.7) 452 (33.8)

Current 624 (15.6) 459 (17.2) 165 (15.6)

Blood urea nitrogen (mg/dL) 17.13, 8.82 17.59, 9.46 16.22, 7.29 <0.001

Creatinine (mg/dL) 1.05, 0.77 1.07,0.80 1.00, 0.72 0.010

Uric acid (mg/dL) 5.74,1.60 5.76, 1.65 5.70, 1.50 0.260

eGFR [mL/(min-1.73 m?)] 80.64, 26.26 78.52,26.74 84.86, 24.75 <0.001

For categorical variables, P-values were analyzed by chi-square tests. For continuous variables, the t-test was used.

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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TABLE 3 | Logistic regression analyzed the relationship between BMI and the presence of kidney stone in different physical activity groups.

BMI Model 1 Model 2 Model 3 Model 4
aOR (95% CI) P aOR (95% CI) P aOR (95% Cl) P aOR (95% Cl) P

All participants 0.017 0.001 0.003 0.001
<25.0 kg/m? Reference Reference Reference Reference

25.0-30.0 kg/m? 1.121 (0.833-1.508) 0.490 1.090 (0.806-1.474) 0.577 1.081 (0.798-1.464) 0.614 1.111 (0.820-1.507) 0.497
>30.0 kg/m? 1.381 (1.054-1.809) 0.019 1.483 (1.119-1.963) 0.006 1.457 (1.096-1.938) 0.010 1.514 (1.134-2.022) 0.005
No physical activity 0.015 0.004 0.009 0.004
<25.0 kg/m? Reference Reference Reference Reference

25.0-30.0 kg/m? 1.099 (0.760-1.590) 0.615 1.078-(0.741-1.568) 0.696 1.072 (0.735-1.562) 0.718 1.104 (0.756-1.612) 0.608
>30.0 kg/m? 1.455 (1.044-2.029) 0.027 1.531 (1.087-2.157) 0.015 1.491 (1.053-2.111) 0.025 1.572 (1.103-2.240) 0.012
Physical activity 0.711 0.315 0.372 0.342
<25.0 kg/m? Reference Reference Reference Reference

25.0-30.0 kg/m? 1.161 (0.705-1.912) 0.558 1.116 (0.669-1.860) 0.675 1.112 (0.663-1.864) 0.688 1.176 (0.697-1.983) 0.544
>30.0 kg/m? 1.216 (0.763-1.938) 0.411 1.379 (0.841-2.259) 0.202 1.361 (0.819-2.261) 0.234 1.421 (0.847-2.382) 0.183

Adjusted covariates: model 1: univariate analysis; model 2: gender, age and race; model 3: model 1 plus education level, marital status, hypertension and smoking status; model 4:

model 3 plus blood urea nitrogen, creatinine, uric acid and eGFR.

PA, physical activities; BMI, body mass index; eGFR, estimated glomerular filtration rate; Cl, confidence interval; aOR, adjusted odds ratio.

adjusted for variables related to participants’ living conditions,
such as education, marital status, hypertension, and smoking
status in model 3. Finally, we included renal function-related
indicators (blood urea nitrogen, creatinine, uric acid and eGFR)
in model 4. R software (version 3.5.3) and SPSS software (version
24.0) were applied in the present study, and P-values calculated
at <0.05 were considered statistically significant.

RESULTS

Table 1 demonstrates the clinicopathological characteristics of all
participants. A total of 4,008 diabetes participants were enrolled
in the study between 2007 and 2018, of whom 652 (16.3%)
self-reported a history of kidney stones and 3,356 (83.7%) had
no history of kidney stones. Chi-square test revealed significant
differences between stone formers and non-stone formers groups
on the variables of gender, age, race, marital status and BMI. The
proportion of stone formers who were male, >60 years, Non-
Hispanic white, married, and BMI >30.0 kg/m? were higher in
stone formers than in non-stone formers groups. Stone formers
group had higher blood urea nitrogen and creatinine levels and
lower eGFR compared to non-stone formers. In addition, among
the total participants, 2,671 (66.6%) did not engage in physical
activity and 1,337 (33.4%) did not engage in physical activity,
with a slightly higher proportion of no physical activity in the
stone formers group (p = 0.160).

We also studied the clinicopathological characteristics of
the total population according to physical activity (Table 2).
The results showed significant differences between the physical
activity and no physical activity groups in the variables of gender,
age, race, education, BMI, hypertension, smoking status, blood
urea nitrogen, creatinine and eGFR. The proportion of <60 years,
college or above, BMI <30 kg/m?, no hypertension, and never
smoking was significantly higher in the physical activity group

than in the no physical activity group. In addition, participants
in the physical activity group had lower levels of blood urea
nitrogen, creatinine and higher levels of eGFR compared to the
no physical activity group.

Participants were divided into three groups according to BMI
criteria: BMI <25 kg/m?, BMI 25.0-29.9 kg/m? and BMI >30
kg/m? groups. Among all diabetes participants, univariate logistic
regression analysis showed that the risk of kidney stones was
12.1% higher (95% CI, 0.833-1.508, p = 0.490) in the BMI
25.0-29.9 kg/m? group and 38.1% higher (95% CI, 1.054-1.809,
p = 0.019) in the BMI >30 kg/m? group compared with the
BMI <25 kg/m? group. After adjusting for all other variables,
BMI >30 kg/m? remained an independent risk factor for kidney
stones, with a risk of 1.514 (95% CI, 1.134-2.022, p = 0.005) in
the BMI >30 kg/m2 group compared to the BMI <25 kg/m2
group (Table 3).

In addition, we evaluated the effect of physical activity on the
relationship between BMI and kidney stones. We found a positive
association between BMI and kidney stones in all participants
(p = 0.017), with a prevalence of kidney stones in the three
BMI groups being 13.4, 14.8, and 17.6%, respectively, and the
highest prevalence of kidney stones in the BMI >30 kg/m?
group (Figure 2). However, in the no physical activity group, the
prevalence of kidney stones increased to 18.6% in the BMI >30
kg/m? group (p = 0.017) and decreased to 15.6% in the BMI >30
kg/m? group with physical activity (p = 0.711). Moreover, dose-
response curves showed a correlation between BMI and kidney
stones in all participants (p = 0.036) and no physical activity
group (p = 0.011), while no correlation in the physical activity
group (p = 0.640) (Figure 3).

Table 3 shows the relationship between BMI and kidney
stones in different physical activity groups. We found that BMI
was an independent risk factor for kidney stones in the no
physical activity group, with a risk of 1.572 (95% CI, 1.103-
2.240, p = 0.012) for kidney stones in the BMI >30 kg/m? group
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FIGURE 2 | Prevalence of kidney stones in different BMI groups among different physical activity groups.
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FIGURE 3 | The dose-response analysis of kidney stones with BMI by
physical activity type. OR, Odds ratio; Cl, Confidence interval.

compared to the BMI <25 kg/m? group. In contrast, in the
physical activity group, BMI was not an independent risk factor

for kidney stones (p = 0.342), and the risk of kidney stones in
the BMI >30 kg/m? group was 1.421 compared to the BMI <25
kg/m? group (p = 0.183, no statistically significant). In addition,
the risk of kidney stones in the BMI >30 kg/m2 group was also
found to be lower in the physical activity group than in the no
physical activity group in most subgroup analyses (Table 4).

DISCUSSION

In the current study, we explored the relationship between
physical activity, BMI and kidney stones using clinical data
from the NHANES database of participants with diabetes kidney
stones during 2007-2018. We first investigated the relationship
between BMI and kidney stones: multivariate logistic regression
revealed that the risk of kidney stones increased with increasing
BMI and that BMI was an independent risk factor for kidney
stones. Subsequently, we explored the effect of physical activity
and found that physical activity reduced the effect of high BMI
on kidney stones in participants with diabetes. We demonstrated
for the first time that physical activity exerts a beneficial effect on
diabetes kidney stone participants at high BMI. This result may
provide new insights into the impact of reducing BMI on kidney
stones and provide new ways to prevent kidney stones.

Kidney stones are one of the most frequent and common
diseases in urology, with complex causes and high recurrence
rates. With the in-depth research on the etiology of kidney
stones, the role of metabolic syndrome in the pathogenesis of
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TABLE 4 | Subgroup analyses between BMI and the presence of kidney stone in NHANES 2007-2018.

Subgroups BMI (kg/m?) [aOR (95% ClI)] P
<25.0 25.0-29.9 >30.0
Gender
Male
All patients 1.000 1.216 (0.834-1.774) 1.493 (1.030-2.163) 0.068
No physical activity 1.000 1.271 (0.779-2.073) 1.661 (1.032-2.673) 0.066
Physical activity 1.000 1.258 (0.681-2.323) 1.383 (0.743-2.574) 0.591
Female
All patients 1.000 0.919 (0.540-1.561) 1.477 (0.922-2.365) 0.019
No physical activity 1.000 0.889 (0.481-1.643) 1.490 (0.867-2.562) 0.034
Physical activity 1.000 0.996 (0.336-2.951) 1.472 (0.542-3.998) 0.504
Age
<60 years
All patients 1.000 0.921 (0.513-1.652) 1.434 (0.847-2.427) 0.060
No physical activity 1.000 1.147 (0.434-3.033) 1.971 (0.792-4.901) 0.143
Physical activity 1.000 0.827 (0.392-1.748) 1.209 (0.624-2.342) 0.342
>60 years
All patients 1.000 1.192 (0.831-1.708) 1.517 (1.069-2.151) 0.028
No physical activity 1.000 1.213 (0.779-1.889) 1.692 (1.109-2.581) 0.014
Physical activity 1.000 1.248 (0.655-2.378) 1.241 (0.643-2.399) 0.780
Race
Non-Hispanic White
All patients 1.000 0.775 (0.484-1.240) 1.166 (0.757-1.796) 0.044
No physical activity 1.000 0.736 (0.416-1.302) 1.221 (0.727-2.050) 0.045
Physical activity 1.000 0.906 (0.376-2.181) 1.213(0.527-2.793) 0.593
Non-Hispanic Black
All patients 1.000 1.368 (0.544-3.440) 2.251(0.980-5.170) 0.059
No physical activity 1.000 3.572 (0.763-16.728) 6.401 (1.492-27.454) 0.017
Physical activity 1.000 0.649 (0.163-2.573) 0.880 (0.257-3.011) 0.789
Others
All patients 1.000 1.435 (0.908-2.266) 1.633 (1.034-2.577) 0.109
No physical activity 1.000 1.817 (0.816-4.044) 1.840 (0.802-4.221) 0.303
Physical activity 1.000 1.276 (0.722-2.257) 1.414 (0.808-2.474) 0.474
Education
Less than high school
All patients 1.000 1.061 (0.637-1.767) 1.572 (0.975-2.535) 0.041
No physical activity 1.000 1.106 (0.621-1.969) 1.647 (0.965-2.813) 0.056
Physical activity 1.000 0.771 (0.244-2.430) 1.127 (0.360-3.524) 0.706
High school or equivalent
All patients 1.000 0.908 (0.492-1.677) 1.092 (0.607-1.967) 0.695
No physical activity 1.000 0.725 (0.337-1.560) 1.090 (0.532-2.234) 0.320
Physical activity 1.000 1.186 (0.396-3.550) 0.906 (0.299-2.746) 0.782
College or above
All patients 1.000 1.297 (0.792-2.124) 1.728 (1.078-2.769) 0.036
No physical activity 1.000 1.496 (0.747-2.995) 1.976 (1.022-3.819) 0.093
Physical activity 1.000 1.346 (0.642-2.820) 1.934 (0.939-3.983) 0.132
Marital status
Married
All patients 1.000 1.095 (0.736-1.630) 1.446 (0.980-2.134) 0.052
No physical activity 1.000 1.234 (0.737-2.066) 1.683 (1.021-2.773) 0.051
Physical activity 1.000 0.960 (0.506-1.821) 1.171 (0.615-2.232) 0.686
(Continued)
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TABLE 4 | Continued

Subgroups BMI (kg/m?) [aOR (95% ClI)] P
<25.0 25.0-29.9 >30.0
Unmarried
All patients 1.000 1.139 (0.703-1.846) 1.652 (1.062-2.571) 0.020
No physical activity 1.000 1.863 (0.702-4.944) 2.224 (0.858-5.763) 0.258
Physical activity 1.000 0.979 (0.554-1.730) 1.508 (0.906-2.513) 0.058
Hypertension
Yes
All patients 1.000 0.951 (0.648-1.394) 1.308 (0.917-1.865) 0.028
No physical activity 1.000 1.029 (0.515-2.057) 1.315 (0.681-2.537) 0.493
Physical activity 1.000 0.916 (0.575-1.460) 1.282 (0.834-1.972) 0.073
No
All patients 1.000 1.395 (0.838-2.322) 1.900 (1.147-3.146) 0.032
No physical activity 1.000 1.561 (0.807-3.022) 2.370 (1.254-4.478) 0.019
Physical activity 1.000 1.202 (0.527-2.743) 1.404 (0.590-3.343) 0.735
Smoking status
Never
All patients 1.000 1.137 (0.717-1.804) 1.709 (1.102-2.651) 0.007
No physical activity 1.000 1.208 (0.674-2.164) 1.728 (0.997-2.996) 0.056
Physical activity 1.000 1.117 (0.516-2.417) 1.804 (0.853-3.814) 0.112
Former
All patients 1.000 1.0283 (0.620-1.689) 1.244 (0.771-2.006) 0.432
No physical activity 1.000 0.922 (0.503-1.692) 1.241 (0.704-2.186) 0.329
Physical activity 1.000 1.469 (0.564-3.827) 1.247 (0.474-3.282) 0.708
Current
All patients 1.000 1.148 (0.555-2.376) 1.540 (0.776-3.055) 0.363
No physical activity 1.000 1.262 (0.491-3.241) 2.120 (0.88-5.057) 0.132
Physical activity 1.000 0.725 (0.208-2.531) 0.704 (0.193-2.573) 0.850

Adjusted covariates: gender, age, race, education levels, matrital status, hypertension, smoking status, blood urea nitrogen, creatinine, uric acid, and estimated glomerular filtration rate

(eGFR). aOR, adjusted odds ratio; Cl, confidence interval.

kidney stones has also received increasing attention. Related
studies have found that the occurrence of kidney stones is closely
related to lifestyle-related diseases such as obesity, hypertension,
dyslipidemia and hyperglycemia (22, 23). It has been reported in
the literature that 48.7% of kidney stone patients have metabolic
syndrome and the prevalence of kidney stones in patients with
metabolic syndrome is 7.5 to 8.8% (24, 25).

Diabetes mellitus is a common metabolic disease, and
some studies have found that there may be a common
pathophysiological mechanism between the formation of kidney
stones and the development of diabetes mellitus (26). The
interconnection between diabetes mellitus and kidney stones is
mainly due to the effect of insulin resistance on urinary pH
and and the transport of ammonia and calcium in the kidney,
which affects the production and transport of ammonium,
causing a decrease in urinary pH (27, 28). The decrease in
dissociation of uric acid in an acidic environment leads to
increased precipitation and the formation of stones. Domingos
et al. (13) found a higher prevalence of diabetes mellitus in
patients with kidney stones compared to normal population (OR
= 1.475, 95% CI, 1.283-1.696, p < 0.001) through questionnaire
analysis of 23,349 individuals. The prevalence of kidney stones in

diabetes patients was found to be 16.3% in this study, which is
much higher than the prevalence of kidney stones in the normal
population (9.3%) (4). This result is consistent with the findings
of Taylor et al. (12) who found that diabetes patients are more
likely to develop kidney stones than the general population.

Obesity and kidney stones obesity is a public health problem
in many countries. Recent studies have shown that 34.8 to 41%
of patients with kidney stones are also obese and that obesity is
associated with an increased prevalence and recurrence of kidney
stones (29, 30). Meanwhile, BMI is a common indicator used to
define obesity. It has been found that BMI is positively correlated
with calcium, oxalate, citrate, uric acid, sodium, potassium and
phosphate in the urine, and the pH of the urine decreases with
increasing BMI (31). Furthermore, even in patients with BMI
<30 kg/m?, the higher the BMI, the greater the chance of kidney
stones. Similar results were found in our study, where the risk
of kidney stones was 1.514 (95% CI, 1.134-2.022, p = 0.005) for
participants in the BMI >30.0 kg/m? group compared to BMI
<25.0 kg/m? group.

Expect for metabolic factors, lifestyle such as smoking, alcohol
consumption and physical activity have an important impact on
the prevalence of kidney stones. However, there are relatively

Frontiers in Public Health | www.frontiersin.org

July 2022 | Volume 10 | Article 936552


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Mao et al.

PA, BMI and Kidney Stones

few studies on the relationship between physical activity and
kidney stones, and the results are inconsistent (32). Three groups
of studies reported a statistically significant protective effect of
physical activity on kidney stones (19, 33, 34), and conversely,
three studies reported no effect of physical activity on the risk
of kidney stones (18, 29, 35). Sorensen et al. (29) found that
physical activity reduced the risk of stones in women by 16%-
31%. In addition, Zhuo et al. (35) found that duration of physical
activity was an independent risk factor for kidney stones (OR
= 0.840; 95% CI, 0.808-0.973) in a survey of 1,519 people in
Southern China.

To our knowledge, the present study is the first to explore
the association between physical activity, BMI, and diabetes
kidney stones. Combined with interaction analysis, we found an
interaction between physical activity and BMI on the occurrence
of kidney stones. The results of the interaction between BMI and
kidney stones indicated that the risk of kidney stones increased
with increasing BMI but decreased with participation in physical
activity. We also found that the proportion of <60 years,
college or above, BMI <30 kg/m2, no hypertension, and never
smoking was significantly higher in the physical activity group
than in the no physical activity group. In addition, participants
in the physical activity group had lower levels of blood urea
nitrogen, creatinine and higher levels of eGFR compared to
the no physical activity group. The above results suggest that
physical activity can bring beneficial physiological aspects. In
addition, some studies have found that physical activity can
reduce the incidence of diabetes, hypertension, and obesity,
which may explain why physical activity can reduce the incidence
of kidney stones (36-38).

Although we have found significant modifications of the effect
of physical activity on the effect of high BMI on participants with
diabetes kidney stones, the study still has some limitations. First,
this is a cross-sectional study and causality is difficult to verify.
In addition, the NHANES database is a retrospective study with
its inherent limitations. Finally, we did not provide the type of
kidney stones and physical activity may have different outcomes
for different stone types.

CONCLUSION

Our study found that high BMI was a risk factor for participants
with diabetes kidney stones and that physical activity moderated

REFERENCES

1. Singh P, Harris PC, Sas DJ, Lieske JC. The genetics of kidney
stone disease and nephrocalcinosis. Nat Rev  Nephrol. (2022)
18:224-40. doi: 10.1038/s41581-021-00513-4

2. Zisman AL, Coe FL, Cohen AJ, Riedinger CB, Worcester EM.
Racial differences in risk factors for kidney stone formation.
Clin ] Am Soc Nephrol. (2020) 15:1166-73. doi: 10.2215/CJN.126
71019

3. Denburg MR, Koepsell K, Lee JJ, Gerber ], Bittinger K, Tasian GE.
Perturbations of the gut microbiome and metabolome in children with
calcium oxalate kidney stone disease. ] Am Soc Nephrol. (2020) 31:1358-
69. doi: 10.1681/ASN.2019101131

this relationship to some extent, with physical activity leading
to beneficial physiological aspects. This result may provide new
insights into the impact of reducing BMI on kidney stones and
offer new approaches to kidney stone prevention.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories
and accession number(s) can be found in the
article/supplementary material.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of NHANES Committee with written
informed consent from all subjects. All subjects gave written
informed consent in accordance with the Declaration of Helsinki.
The protocol was approved by the NHANES Committee.
The patients/participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication
of any potentially identifiable images or data included in
this article.

AUTHOR CONTRIBUTIONS

WM, XZ, GZ, and MC designed the research. WM, LZ, SS, and
JW performed the research and analyzed results. WM, LZ, and SS
wrote the paper. WM, LZ, XZ, GZ, and MC edited the manuscript
and provided critical comments. All authors read and approved
the final manuscript.

FUNDING

This work was supported by National Natural Science

Foundation of China (81900618 and  82170703),
Tai-Shan  Scholar Program from Shandong Province
(tsqn202103116),  Jiangsu  Provincial =~ Key  Research
and Development Program (BE2019751), Innovative

Team of Jiangsu Provincial (2017ZXKJQWO07), and the
National Key Research and Development Program of
China (SQ2017YFSF090096).

4. Mao W, Hu Q, Chen S, Chen Y, Luo M, Zhang Z, et al. Polyfluoroalkyl
chemicals and the risk of kidney stones in US adults: a population-based study.
Ecotoxicol Environ Saf. (2021) 208:111497. doi: 10.1016/j.ecoenv.2020.111497

5. Islam AK, Holt S, Reisch ], Nwariaku E Antonelli ], Maalouf NM.
What predicts recurrent kidney stone after parathyroidectomy in patients
with primary hyperparathyroidism? ] Am Coll Surg. (2020) 231:74-
82. doi: 10.1016/j.jamcollsurg.2020.04.015

6. Bartoletti R, Cai T, Mondaini N, Melone F Travaglini F Carini M, et
al. Epidemiology and risk factors in urolithiasis. Urol Int. (2007) 79:3-7.
doi: 10.1159/000104434

7. Ferraro PM, Bargagli M, Trinchieri A, Gambaro G. Risk of kidney stones:
influence of dietary factors, dietary patterns, and vegetarian-vegan diets.
Nutrients. (2020) 12:779. doi: 10.3390/nu12030779

Frontiers in Public Health | www.frontiersin.org

July 2022 | Volume 10 | Article 936552


https://doi.org/10.1038/s41581-021-00513-4
https://doi.org/10.2215/CJN.12671019
https://doi.org/10.1681/ASN.2019101131
https://doi.org/10.1016/j.ecoenv.2020.111497
https://doi.org/10.1016/j.jamcollsurg.2020.04.015
https://doi.org/10.1159/000104434
https://doi.org/10.3390/nu12030779
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Mao et al.

PA, BMI and Kidney Stones

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Hoffman EL, VonWald T, Hansen K. The metabolic syndrome. S D Med.

(2015) 24-8.

. Sakhaee K. Recent advances in the pathophysiology of nephrolithiasis. Kidney

Int. (2009) 75:585-95. doi: 10.1038/ki.2008.626
Uribarri J. Chronic kidney disease and kidney stones. Curr Opin Nephrol
Hypertens. (2020) 29:237-42. doi: 10.1097/MNH.0000000000000582

Weinberg AE, Patel CJ, Chertow GM, Leppert JT. Diabetic
severity and risk of kidney stone disease. Eur Urol. (2014)
65:242-7. doi: 10.1016/j.eururo.2013.03.026

Taylor EN, Stampfer M]J, Curhan GC. Diabetes mellitus
and the risk of nephrolithiasis. Kidney Int. (2005) 68:1230-

5. doi: 10.1111/§.1523-1755.2005.00516.x

Domingos F Serra A. Nephrolithiasis is associated with an increased
prevalence of cardiovascular disease. Nephrol Dial Transplant. (2011) 26:864—-
8. doi: 10.1093/ndt/gfq501

Eisner BH, Porten SP, Bechis SK, Stoller ML. Diabetic kidney stone formers
excrete more oxalate and have lower urine pH than nondiabetic stone formers.
J Urol. (2010) 183:2244-8. doi: 10.1016/j.juro.2010.02.007

Aune D, Mahamat-Saleh Y, Norat T, Riboli E. Body fatness,
diabetes, physical activity and risk of kidney stones: a systematic
review and meta-analysis of cohort studies. Eur ] Epidemiol. (2018)
33:1033-47. doi: 10.1007/s10654-018-0426-4

Lee SC, Kim YJ, Kim TH, Yun §J, Lee NK, Kim WJ. Impact of obesity in
patients with urolithiasis and its prognostic usefulness in stone recurrence.
J Urol. (2008) 179:570-4. doi: 10.1016/j.juro.2007.09.040

Lagestad P, Mikalsen H, Ingulfsvann LS, Lyngstad I, Sandvik C. Associations
of participation in organized sport and self-organized physical activity in
relation to physical activity level among adolescents. Front Public Health.
(2019) 7:129. doi: 10.3389/fpubh.2019.00129

Feng X, Wu W, Zhao FE Xu E Han D, Guo X, et al. Association
between physical activity and kidney stones based on dose-response
analyses using restricted cubic splines. Eur J Public Health. (2020) 30:1206-
11. doi: 10.1093/eurpub/ckaal62

Ferraro PM, Curhan GC, Sorensen MD, Gambaro G, Taylor EN. Physical
activity, energy intake and the risk of incident kidney stones. J Urol. (2015)
193:864-8. doi: 10.1016/j.juro.2014.09.010

Mao W, Wu J, Zhang Z, Xu Z, Xu B, Chen M. Neutrophil-
lymphocyte ratio acts as a novel diagnostic biomarker for kidney stone
prevalence and number of stones passed. Transl Androl Urol. (2021)
10:77-86. doi: 10.21037/tau-20-890

Sandvik H, Seim A, Vanvik A, Hunskaar S, A. severity index
for  epidemiological ~surveys of female wurinary incontinence:
comparison  with  48-h  pad-weighing tests. ~Neurourol = Urodyn.

(2000) doi: 10.1002/(SICI)1520-6777(2000)19:2&It;137::AID-NAU4&gt;3.0.
CO2-G

Obligado SH, Goldfarb DS. The association of nephrolithiasis with
hypertension and obesity: a review. Am ] Hypertens. (2008) 21:257-
64. doi: 10.1038/ajh.2007.62

Wong Y, Cook P, Roderick P, Somani BK. Metabolic syndrome and kidney
stone disease: a systematic review of literature. ] Endourol. (2016) 30:246—
53. doi: 10.1089/end.2015.0567

Cho ST, Jung SI, Myung SC, Kim TH. Correlation of metabolic
syndrome with urinary stone composition. Int J Urol. (2013) 20:208-
13. doi: 10.1111/j.1442-2042.2012.03131.x

Tasca A. Metabolic syndrome and bariatric surgery in stone disease etiology.
Curr Opin Urol. (2011) 21:129-33. doi: 10.1097/MOU.0b013e3283435cbc
Chung SD, Chen YK, Lin HC. Increased risk of diabetes in patients
with urinary calculi: a 5-year followup study. J Urol. (2011) 186:1888-
93. doi: 10.1016/j.juro.2011.07.011

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Daudon M, Traxer O, Conort P, Lacour B, Jungers P. Type 2 diabetes
increases the risk for uric acid stones. ] Am Soc Nephrol. (2006) 17:2026-
33. doi: 10.1681/ASN.2006030262

Zimmerer T, Weiss C, Hammes HP, Braun C, Hesse A, Alken P,

et al. Evaluation of urolithiasis: a link between stone formation
and diabetes mellitus? Urol Int. (2009) 82:350-5. doi: 10.1159/0002
09371

Sorensen MD, Chi T, Shara NM, Wang H, Hsi RS, Orchard T, et al.
Activity, energy intake, obesity, and the risk of incident kidney stones in
postmenopausal women: a report from the Women’s health initiative. ] Am
Soc Nephrol. (2014) 25:362-9. doi: 10.1681/ASN.2013050548

Taylor EN, Stampfer MJ, Curhan GC. Obesity, weight gain, and the risk of
kidney stones. JAMA. (2005) 293:455-62. doi: 10.1001/jama.293.4.455

Taylor EN, Curhan GC. Body size and 24-hour urine composition. Am |
Kidney Dis. (2006) 48:905-15. doi: 10.1053/j.ajkd.2006.09.004

Jones P, Karim Sulaiman S, Gamage KN, Tokas T, Jamnadass E, Somani BK.
Do lifestyle factors including smoking, alcohol, and exercise impact your
risk of developing kidney stone disease? Outcomes of a Systematic Review |
Endourol. (2021) 35:1-7. doi: 10.1089/end.2020.0378

Soueidan M, Bartlett SJ, Noureldin YA, Andersen RE, Andonian S.
Leisure time physical activity, smoking and risk of recent symptomatic
urolithiasis: Survey of stone clinic patients. Can Urol Assoc J. (2015) 9:257-
62. doi: 10.5489/cuaj.2879

Maric I, Kizivat T, Smolic M, Smolic R, Opacak-Bernardi T, Solic K, et al.
Lifestyle risk factors and bone mass in recurrent stone-forming patients:
a cross-sectional study in 144 subjects. Acta Clin Croat. (2019) 58:439-
45. doi: 10.20471/acc.2019.58.03.06

Zhuo D, Li M, Cheng L, Zhang ], Huang H, Yao Y, et al. Study of diet and
lifestyle and the risk of urolithiasis in 1,519 patients in Southern China. Med
Sci Monit. (2019) 25:4217-24. doi: 10.12659/MSM.916703

Palermi S, Iacono O, Sirico F Modestino M, Ruosi C, Spera R, et al. The
complex relationship between physical activity and diabetes: an overview. J
Basic Clin Physiol Pharmacol. (2021). doi: 10.1515/jbcpp-2021-0279

Sternfeld B, Gabriel KP, Jiang SE Whitaker KM, Jacobs DR Jr,
Quesenberry CP Jr, et al. Risk estimates for diabetes and hypertension
with different physical activity methods. Med Sci Sports Exerc. (2019)
51:2498-505. doi: 10.1249/MSS.0000000000002083

Kong S, So WY.
and  obesity-related  factors.  Minerva
20. doi: 10.23736/S0026-4806.19.06356-0

between
Med.

Association physical

(2021)

activity
112:418-

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Mao, Zhang, Sun, Wu, Zou, Zhang and Chen. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Public Health | www.frontiersin.org

10

July 2022 | Volume 10 | Article 936552


https://doi.org/10.1038/ki.2008.626
https://doi.org/10.1097/MNH.0000000000000582
https://doi.org/10.1016/j.eururo.2013.03.026
https://doi.org/10.1111/j.1523-1755.2005.00516.x
https://doi.org/10.1093/ndt/gfq501
https://doi.org/10.1016/j.juro.2010.02.007
https://doi.org/10.1007/s10654-018-0426-4
https://doi.org/10.1016/j.juro.2007.09.040
https://doi.org/10.3389/fpubh.2019.00129
https://doi.org/10.1093/eurpub/ckaa162
https://doi.org/10.1016/j.juro.2014.09.010
https://doi.org/10.21037/tau-20-890
https://doi.org/10.1002/(SICI)1520-6777(2000)19:2&lt;137::AID-NAU4&gt;3.0.CO;2-G
https://doi.org/10.1038/ajh.2007.62
https://doi.org/10.1089/end.2015.0567
https://doi.org/10.1111/j.1442-2042.2012.03131.x
https://doi.org/10.1097/MOU.0b013e3283435cbc
https://doi.org/10.1016/j.juro.2011.07.011
https://doi.org/10.1681/ASN.2006030262
https://doi.org/10.1159/000209371
https://doi.org/10.1681/ASN.2013050548
https://doi.org/10.1001/jama.293.4.455
https://doi.org/10.1053/j.ajkd.2006.09.004
https://doi.org/10.1089/end.2020.0378
https://doi.org/10.5489/cuaj.2879
https://doi.org/10.20471/acc.2019.58.03.06
https://doi.org/10.12659/MSM.916703
https://doi.org/10.1515/jbcpp-2021-0279
https://doi.org/10.1249/MSS.0000000000002083
https://doi.org/10.23736/S0026-4806.19.06356-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Physical Activity Reduces the Effect of High Body Mass Index on Kidney Stones in Diabetes Participants From the 2007–2018 NHANES Cycles: A Cross-Sectional Study
	Background
	Materials and Methods
	Data Sources and Preparation
	Study Variables and Other Variables
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


