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Abstract

The purpose of our study is to examine the correlation between sleep factors and the prevalence of kidney stones in US ad@
A total of 34,679 participants from the National Health and Nutrition Examination Survey 2007 to 2018 were included in the
analyses. Sleep data collection included: presleep factors (difficulty falling asleep, sleep onset latency), intra-sleep factors (risk
index of obstructive sleep apnea, restless leg syndrome, difficulty maintaining sleep), post-sleep factors (daytime sleepiness, non-
restorative sleep), sleep schedule and duration, and sleep quality. Logistic regression models were used to analyze the correlation
between sleep factors and the prevalence of kidney stones. Among the 34,679 participants, the overall incidence of kidney stones
was 9.3%. The presence of presleep factors (difficulty falling asleep [odds ratios [OR], 1.680; 95% ClI, 1.310-2.150], prolonged
sleep onset latency [OR, 1.8320; 95% ClI, 1.020-1.700]), intra-sleep factors (higher risk index of obstructive sleep apnea [OR,
1.750; 95% ClI, 1.500-2.050], restless leg syndrome [OR, 1.520; 95% ClI, 1.150-1.990], difficulty maintaining sleep [OR, 1.430;
95% Cl, 1.130-1.810]), post-sleep factors (daytime sleepiness [OR, 1.430; 95% CI, 1.220-1.680], non-restorative sleep [OR,
1.400; 95% Cl, 1.110-1.760]), short sleep duration (OR, 1.190; 95% Cl, 1.080-1.310), mediate sleep quality (OR, 1.140; 95% Cl,
1.020-1.290), and poor sleep quality (OR, 1.500; 95% ClI, 1.310-1.720) are linked to the occurrence of kidney stones. However,
short sleep onset latency, bedtime and wake-up time were not significantly associated with the prevalence of kidney stones.
These findings showed positive associations between higher kidney stone prevalence and poor sleep factors.

Abbreviations: BM| = body mass index, IQR = interquartile ranges, NHANES = National Health and Nutrition Examination
Survey, NRS = non-restorative sleep, ORs = odds ratios, OSA = obstructive sleep apnea, RLS = restless leg syndrome.
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1. Introduction

The prevalence of kidney stones has been estimated at 9%,!!! with
an increasing incidence among adults.”! A common symptom of
kidney stones is pain in the kidney area on the back and even
down between the legs.’! And sometimes accompanied by hema-
turia and vomiting."*! The consequences of kidney stones are very
serious, causing a heavy burden. However, the pathogenesis of
kidney stones is still unclear. Previous studies have reported that
many diseases may increase the risk of kidney stones, including
systemic metabolic disorders,! cardiovascular events,® hyper-
tension, diabetes,””’ and obesity.!®! Identifying the risk of kidney
stones is crucial for preventing and treating these disease factors.

Adequate sleep is crucial for maintaining various physiologi-
cal processes.! Poor sleep quality can lead to decreased immu-
nity and increase the risk of some malignant diseases. Sleep
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duration,!'” posture,'!l and quality!'?! have also been reported to
play a vital role in kidney stones. Despite this, previous reports
on this subject are sparse, and differ in terms of sleep factors.
As a result, there is limited evidence to comprehensively reveal
the impact of various sleep factors on kidney stones. This study
utilized National Health and Nutrition Examination Survey
(NHANES) data to investigate the correlation between kidney
stones and various sleep factors. These factors included presleep
factors (difficulty falling asleep, sleep onset latency), intra-sleep
factors (risk index of obstructive sleep apnea [OSA], restless leg
syndrome [RLS], difficulty maintaining sleep), post-sleep factors
(daytime sleepiness, non-restorative sleep [NRS]), sleep schedule
and duration, and sleep quality.

The objective of the present study was to further under-
stand the association between comprehensive sleep factors and
kidney stones. We expect this study to provide more detailed

* Correspondence: Weibing Li, Department of Urology, The Third Affiliated
Hospital of Chongqing Medical University, Chongqing 401120, China (e-mail:
liweibing63@cqmu.edu.cn).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly
cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Yan B, Yu J, Fang Q, Qiu H, Shen C, Wang J, Li J, Huang
Y, Dai L, Zhi Y, Li W. Association between kidney stones and poor sleep factors in
U.S. adults. Medicine 2024,103:20(38210).

Received: 5 January 2024 / Received in final form: 19 March 2024 / Accepted:
19 April 2024

http://dx.doi.org/10.1097/MD.0000000000038210


mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
https://orcid.org/0000-0001-6431-8251
mailto:liweibing63@cqmu.edu.cn
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Yan et al. ¢ Medicine (2024) 103:20

information to aid in the prevention and management of kid-
ney stones.

2. Materials and methods
2.1. Study population

NHANES is a representative cross-sectional survey designed
by the National Center for Health Statistics. The purpose of
NHANES is to assess the overall well-being and dietary con-
dition of the American population. The NHANES interview
encompassed questions regarding demographics, sleep factors
and health status. NHANES used a complex, multistage proba-
bilistic approach to select participants from across the country.
The survey methods included interviews at home, conducting
health examinations and collecting experimental data at mobile
examination centers. In our study, the analysis was restricted
to NHANES data collected between 2007 to 2018, and all
interviews were conducted during this time period. We selected
people aged 20 years or older (n = 34,770). Participants with
no kidney stone information (n = 91) or any sleep information
(n = 2) were excluded. The final study was 34,679 people. The
interviews of this study were asked in the home, by trained
interviewers, using the Computer Assisted Personal Interview
system. The National Center for Health Statistics research ethics
review board granted approval for the survey. Informed consent
was obtained from all participants.

2.2. Prevalent kidney stones

Prevalent kidney stones were ascertained by asking participants
if they had ever had kidney stones.

2.3. Presleep factors

Difficulty falling asleep and sleep onset latency were included
in presleep factors. Participants who reported having trouble
falling asleep 5 to 15 times or 16 to 30 times per month were
considered to have difficulty falling asleep. Sleep onset latency
was divided into 3 categories: normal (6-30 minutes per night),
prolonged (>30 minutes per night), or short (<5 minutes per
night).

2.4. Intra-sleep factors

The risk index of OSA, RLS, and difficulty maintaining sleep
were included in intra-sleep factors. The risk index of OSA was
assessed using an adapted multivariable apnea prediction index,
based on NHANES variables. Three symptoms of OSA (noisy
snoring, temporary breath cessation, and sudden gasping) was
assessed using a Likert scale ranging from 0 to 4. The apnea
index was determined by averaging the scores of the symptoms
that were not missing. The adapted algorithm included body
mass index, age, sex, and a symptom frequency index for apnea
to classify participants into low-risk (apnea prediction < 0.5)
and high-risk (apnea prediction > 0.5) groups for OSA. RLS
was defined as having frequent leg jerks or cramps, or a self-
reported physician diagnosis. Participants who reported having
leg jerks or cramps 5 to 15 times or 16 to 30 times per month
were considered to have RLS; participants who reported waking
up during the night and having trouble getting back to sleep 5 to
15 times or 16 to 30 times per month were considered to have
difficulty maintaining sleep.

2.5. Post-sleep factors

Daytime sleepiness and NRS were included in post-sleep
factors. Individuals who indicated experiencing excessive
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drowsiness during the day 5 to 15 times or 16 to 30 times
per month were considered to have daytime sleepiness;
Participants who reported feeling unrested during the day §
to 15 times or 16 to 30 times per month were considered to
have NRS.

2.6. Sleep schedule and duration

Sleep schedule was categorized into 3 groups based on wake-up
time and bedtime. Wake-up time categories included: <06:00,
06:01 to 07:00, and >07:00; bedtime categories included:
£22:00, 22:01 to 23:00, and >23:00. Participants were asked
about their typical sleep duration on weekdays or workdays.
The recording time was divided into 3 categories: short (<7
hours), normal (between 7 and 9 hours), and long (more than
9 hours).[314

2.7. Sleep quality

Better sleep is considered to be between 7 and 9 hours/night
without self-reported trouble sleeping or sleep disorders.
Mediate sleep quality was defined as having one of the sleep
problems above. Poor sleep quality was defined as experiencing
2 to 3 sleep problems above.

2.8. Covariates

Demographic variables and potential confounding variables
associated with kidney stones were adjusted. Covariates
included age, sex, ethnicity, marital status, level of education,
smoking, alcohol intake, poverty income ratio, body mass index
(BMI), hypertension, diabetes, and physical activity. Based on
self-report questionnaires, race was categorized as nonwhite
and white; marital status included married/living with partner,
widowed/divorced/separated, or never married; educational
level included 2 categories; smoking was divided into <100 or
>100 cigarettes in life; alcohol drinking was divided into <12 or
>12 alcohol drinks/year; low, middle, and high income corre-
spond to poverty income ratio <1.3, 1.3 to 3.5 and >3.5 respec-
tively; BMI < 25 kg/m?, 25-29.9 kg/m?, and >30 kg/m? represent
normal weight, overweight, and obesity, respectively; medical
conditions included hypertension and diabetes; physical activity
was assessed for the presence of vigorous/moderate recreational
activities.

2.9. Statistical analysis

Data that follows a normal distribution is represented by the
mean with standard deviations, while data that does not follow
normal distribution is represented by medians = interquartile
ranges (IQR).

Categorical variables are presented as numbers (percent-
age). We analyzed normally distributed two-group data by
the Student ¢ test and compared non-normally distributed
variables by the Wilcoxon rank-sum test. Analysis of cat-
egorical variables with Pearson y2. Odds ratios (ORs) and
95% confidence intervals were calculated by logistic regres-
sion models.

3. Results

3.1. Participant characteristics

The characteristics of participants categorized by their kidney
stone status are presented in Table 1. The study enrolled a total
of 34,679 eligible individuals, of whom 51.5% were male and
48.5% were female. The participants with no kidney stones were
49 years (IQR 34-63), while those with kidney stones was 58
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Characteristics of participants by kidney stones.

Non-stone formers Stone formers
Characteristics (n = 31,445) (n =3234) Pvalue
Age, median (IQR), y 49 (34, 63) 58 (43, 69) <.001
Sex, No. (%) <.001
Male 15,030 (47.798) 1783 (55.133)
Female 16,415 (52.202) 1451 (44.867)
Race, No. (%) <.001
Non-white 19,143 (60.878) 1519 (46.970)
White 12,302 (39.122) 1715 (53.030)
Marital status, No. (%) <.001
Married/living with partner 18,308 (58.265) 2026 (62.686)
Widowed/divorced/separated 7009 (22.306) 879 (27.197)
Never married 6105 (19.429) 327 (10.118)
Education level, No. (%) 170
<High school 14,977 (47.697) 1582 (48.963)
>High school 16,423 (52.303) 1649 (51.037)
Smoking status, No. (%)
No 17,814 (56.687) 1600 (49.505) <.001
Yes 13,611 (43.313) 1632 (50.495)
Alcohol intake, No. (%) .320
No 6535 (28.621) 711 (29.576)
Yes 16,298 (71.379) 1693 (70.424)
PIR, No. (%) 287
<1.3 9288 (32.946) 949 (32.268)
1.3-35 10,531 (37.355) 1142 (38.830)
>3.5 8373 (29.700) 850 (28.902)
BMI, median (IQR), kg/m? <.001
<25 8846 (29.706) 615 (19.974)
25-30 11,188 (37.571) 1427 (46.346)
>30 9744 (32.722) 1037 (33.680)
Hypertension, No. (%) <.001
No 18,444 (58.655) 1387 (42.888)
Yes 13,001(41.345) 1847 (57.112)
Diabetes, No. (%) <.001
No 26,864 (86.418) 2439 (75.769)
Yes 4222 (13.582) 780 (24.231)
Vigorous/moderate recreational activities, No. (%) <.001
No 16,615 (52.843) 1934 (59.802)
Yes 14,827 (47.157) 1300 (40.198)

BMI = body mass index, n = sample size, PRI = poverty income ratio.

years (IQR 43-69 years). Older individuals, males and whites
were found to have a higher likelihood of being participants
with kidney stones, while a smaller proportion were unmarried.
Furthermore, they displayed a greater prevalence of smoking,
higher BMI, increased rates of hypertension and diabetes, and
lower levels of reported physical activity compared to those
without kidney stones.

3.2. Association of presleep factors with kidney stones

First, we examined the correlation between presleep factors
and the occurrence of kidney stones by employing a multivar-
iate logistic regression model. Compared to the participants
without difficulty falling asleep, participants experiencing
difficulty falling asleep were related to a higher occurrence
of kidney stones (OR, 1.680; 95% CI, 1.310-2.150) (Fig. 1).
Additionally, we observed a positive trend where the risk of
kidney stones increased with the severity and frequency of dif-
ficulty falling asleep (P for trend <.001). To expand our investi-
gation, we divided the sleep onset latency into 3 categories and
found that individuals with prolonged sleep onset latency were
related to a greater occurrence of kidney stones (OR, 1.320;
95% CI, 1.020-1.700) than participants with normal sleep
onset latency (Fig. 1). Conversely, individuals with short sleep
onset latency did not exhibit a significant difference (P > .05)
(Fig. 1).

3.3. Association of intra-sleep factors with kidney stones

Our study shows that individuals with a higher risk of OSA
(OR, 1.750; 95% ClI, 1.500-2.050), RLS (OR, 1.520; 95% CI,
1.150-1.990) and difficulty maintaining sleep (OR, 1.430; 95%
CI, 1.130-1.810) were associated with a greater occurrence of
kidney stones (Fig. 2). The restricted cubic spline plot revealed a
linear association between risk of OSA and prevalence of kidney
stones (p for nonlinear = 0.843) (Fig. 3A). Moreover, the likeli-
hood of developing kidney stones increased as the intensity and
frequency of difficulty maintaining sleep (P for trend = .005).

3.4. Association of post-sleep factors with kidney stones

In this study, we found that individuals with daytime sleepiness
(OR, 1.430; 95% CI, 1.220-1.680) and NRS (OR, 1.400; 95%
CL, 1.110-1.760) were related to a higher risk of kidney stones
(Fig. 4). Furthermore, the likelihood of developing kidney stones
rose in correlation with the intensity and frequency of daytime
sleepiness (P for trend < .001) or NRS (P for trend = .007).

3. 5. Association of sleep schedule and duration with
kidney stones

The association of sleep schedule and duration with kid-
ney stones was further examined. After adjusting for
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Prosleepiactors M%) Model 120R (95%Ci) Pvalue Model 2P OR (95%CI) Pvalue Model3°OR (@5%Cl) P Value
Difficulty falling asleep
No 405/4439 (9.12) 1 [Reference] 1 [Reference] 1 [Reference] *

Yes 134/926 (14.47) 1.780 (1.430-2.200) <0.001 1.720(1.350-2.190) <0.001  1.680(1.310-2.150) | —®—  <0.001

Severity of difficulty

falling asleep (n/menth)

<5 405/4439 (9.12) 1 [Reference] 1 [Reference) 1 [Reference] *

5-15 67/514 (13.04) 1.580 (1.180-2.080) 0.002  1.560 (1.130-2.110) 0.006 1.510 (1.090-2.060) |(—&— 0.011

>15 67/412 (16.26) 2.040 (1.520-2.700) <0.001  1.950 (1.390-2.680) <0.001 1.910 (1.360-2.640) —4——<0.001

P for trend <0.001

Sleep onset latency (min)

<=5 147/1366 (10.76) 1.080 (0.873-1.340) 0.46  1.130 (0.885-1.440) 0.322 1.130 (0.886-1.440) 1#— 0.317

5-30 261/2822 (9.24) 1 [Reference] 1 [Reference] 1 [Reference] *

> 30 127/1154 (11.00) 1.340 (1.070-1.680) 0.011 1.360(1.050-1.750) 0.018 1.320 (1.020-1.700) [—&— 0.036
0I.5 1 1I.5 I2 2I‘5

OR

Figure 1. Association between presleep factors and kidney stones. Adjusted for: ®Model 1: age, sex, race; "Model 2: model 1, marital status, PRI, education
level, smoking status, alcohol intake, BMI; °Model 3: model 2, hypertension, diabetes, activity.

Iniasleep factors .MU%)__ Model 12 OR (95%CI) 7 V2I4® Model 28 OR (95%C1) P Value Model 3 OR (95%C1) FPVale
Risk index of OSA
<0.5 641/8164 (7.85) 1 [Reference] 1 [Reference] 1 [Reference] *
>=0.5 781/4693 (16.64) 2.070 (1.850-2.310) <0.001 2.050 (1.770-2.380) <0.001 1.750 (1.500-2.050 ) ——  <0.001
RLS
No 405/4472 (9.06) 1 [Reference] 1 [Reference] 1 [Reference] *
Yes 92/579 (15.89) 1.650 (1.280-2.100) <0.001 1.600 (1.210-2.100) =<0.001 1.520(1.150-1.8990) | —4— 0.003
Difficulty maintaining sleep
No 401/4313 (9.30) 1 [Reference) 1 [Reference) 1 [Reference] *
Yes 138/1052 (13.12) 1.450 (1.170-1.790) <0.001 1.470(1.160-1.850) 0.001 1.430(1.130-1.810) |—*— 0.003
Severity of difficulty
maintaining sleep (n/month)
<5 401/4313 (9.30) 1 [Reference] 1 [Reference] 1 [Reference] *
5-15 79/624 (12.67) 1.390 (1.070-1.800) 0.013 1.430(1.070-1.900) 0.013 1.420 (1.060-1.880) |—*— 0.017
>15 59/428 (13.79)  1.540 (1.130-2.050) 0.005 1.510 (1.070-2.110) 0.017  1.460 (1.020-2.040) [—*—— 0.032
P for trend 0.005
T T T T
05 1 15 2 25
OR

Figure 2. Association between intra-sleep factors and kidney stones. Adjusted for: @aModel 1: age, sex, race; ®"Model 2: model 1, marital status, PRI, education
level, smoking status, alcohol intake, BMI; °Model 3: model 2, hypertension, diabetes, activity. OSA = obstructive sleep apnea, RLS = restless leg syndrome.

confounders, we found that bedtime and wake-up time
were not significantly related to the risk of kidney stones
(P >.05) (Fig. 5). Subsequently, we analyzed sleep duration.
The higher incidence of kidney stones was associated with
individuals who had a shorter duration (OR, 1.190; 95%
CI, 1.080-1.310) compared to those who had a normal
duration (Fig. 5). In addition, the restricted cubic spline plot
revealed a nonlinear association between sleep duration
and prevalence of kidney stones (p for nonlinear = 0.001)
(Fig. 3B). As sleep duration increased to the inflection point,
which was equal to 8.12 hours, the risk of kidney stones

gradually decreased. Above this point, the risk gradually
increased.

3.6. Association of sleep quality with kidney stones

Individuals with a mediate sleep quality (OR, 1.140; 95%
CIL, 1.020-1.290) and poor sleep quality (OR, 1.500; 95%
CIL, 1.310-1.720) exhibited significant associations with an
increased risk of kidney stones when compared to participants
with a better sleep quality (Fig. 6).
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Figure 3. Restricted cubic spline plots for the relationship between kidney stones and poor sleep factors ([A] risk index of OSA,; [B] sleep duration). Adjusted
for: age, sex, race, marital status, PRI, education level, smoking status, alcohol intake, BMI, hypertension, diabetes, activity. OSA = obstructive sleep apnea.

3.7. Association between kidney stones and poor sleep
factors in sex subgroup

According to our findings, poor sleep factors are associated with
kidney stones. Since the incidence of kidney stones is different
between male and female patients, we conducted a subgroup
analysis by sex. As shown in Table 2, we found consistent asso-
ciations between most poor sleep factors and kidney stones in
different sex (P for interaction >.05). Interestingly, when we
performed analysis of the relationship between NRS and kidney
stones, we found that this association existed in different popu-
lations (P for interaction = .011). The association between NRS
and kidney stones was more significant in women (OR, 1.694;
95% CI, 1.195-2.400).

4. Discussion

Using an extensive dataset from the population, our study
examined how different sleep factors are linked to the occur-
rence of kidney stones. Our findings indicate a robust associa-
tion between these sleep factors and the occurrence of kidney
stones. presleep disturbances (including difficulty falling asleep
and sleep onset latency), intra-sleep disturbances (including
risk index of OSA, RLS, and difficulty maintaining sleep), post-
sleep disturbances (including daytime sleepiness and NRS),

disruptions in sleep schedule and duration, and diminished sleep
quality may all be significantly associated with an increased
prevalence of kidney stones.

In this study, we found that difficulty falling asleep, longer
sleep onset latency and difficulty maintaining sleep were linked
to a greater occurrence of kidney stones. Furthermore, we
observed a greater occurrence of kidney stones was associated
with daytime sleepiness and NRS. There may be several reasons
can explain the strong connection. Firstly, individuals experi-
encing difficulty falling asleep, longer sleep onset latency and
difficulty maintaining sleep often exhibit symptoms of anxiety
and depression." They may contribute to various neurological
and metabolic disorders, such as hyperlipidemia, hypertension,
diabetes, and hyperuricemia,!'*"! which are also risk factors
for kidney stones.”?*?3 Secondly, daytime sleepiness and NRS
often result from chronic sleep deprivation, leading to reduced
physical activity. Regular aerobic physical activity can help pre-
vent kidney stone formation by stimulating thirst and increasing
water intake. Additionally, anaerobic physical activity contrib-
utes to enhanced calcium absorption in bones and reduced
urinary calcium excretion,?¥ further reducing the incidence
of kidney stones. In addition, we found that participants with
OSA or RLS were positively related to a higher incidence of
kidney stones. Hypoxia caused by OSA may contribute to this
association. There is considerable evidence that hypoxia may
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Post-sleepfactors  n(%) Model 12 OR (95%Cl) ©Valu® Model 2P OR (95%CI) ValU® Model 36 OR (95%CN) P Value
Daytime sleepiness

No 1198/12070 (9.93) 1 [Reference] 1 [Reference] 1 [Reference] *

Yes 499/3384 (14.75)  1.520(1.360-1.700) <0.001 1.480(1.260-1.730) <0001 1.430(1.220-1.680) S <0.001
Severity of daytime

sleepiness (n/month)

<5 1198/12070 (9.93) 1 [Reference] 1 [Reference] 1 [Reference] *

5-15 321/2233 (14.38)  1.480 (1.290-1.690) <0.001 1.370(1.130-1.650) ©0.001 1.330(1.100-1.600) |-—4— 0.003
>15 178/1151 (15.46)  1.600 (1.340-1.890) <0.001 1.710 (1.340-2.170) <0.001 1.650 (1.290-2.090) —e—  <0.001
P for trend <0.001
NRS

No 384/4095 (2.38) 1 [Reference] 1 [Reference] 1 [Reference] *

Yes 154/1262 (12.20)  1.490 (1.210-1.830 <0.001 1.440(1.140-1.800) 0.002 1.400 (1.110-1.760) |—*— 0.004
Severity of NRS (n/month)

<5 384/4095 (9.38) 1 [Reference] 1 [Reference] 1 [Reference] *

5-15 86/732 (11.75) 1.430(1.100-1.830) 0.006 1.400(1.050-1.830) 0.018 1.380(1.040-1.820) [—*— 0.022
>15 68/530 (12.83) 1.580 (1.180-2.080) 0.002 1.500(1.080-2.060) 0.014 1.430(1.020-1.960) [—*— 0.034
P for trend 0.007

T T T T
051 15 2 25
OR

Figure 4. Association between post-sleep factors and kidney stones. Adjusted for: @Model 1: age, sex, race; "Model 2: model 1, marital status, PRI, education
level, smoking status, alcohol intake, BMI; °Model 3: model 2, hypertension, diabetes, activity. NRS = non-restorative sleep.

Sleep schedule
and duration n (%) Model 13 OR (95%Cl) P Valu® Model 2b OR (85%CI) P value Model 3¢ OR (85%CI) PValue
Wake-up time
00:01-06:00  582/4829 (12.05)  1.190(1.020-1.400)  0.029 1.250(0.985-1.600) 0.070 1.250 (0.987-1.600) [4— 0.067
6:01-7:00 248/2449 (10.13) 1 [Reference] 1 [Reference] 1 [Reference]
07:01-12:00  286/2495 (11.46)  1.130(0.943-1.350)  0.186 1.100(0.828-1.470) 0.499 1.080 (0.804-1.440) 0623
Bedtime
18:01-22:00 435/4053 (10.73)  0.905(0.777-1.050) 0.197 0.934(0.744-1.170) 0.555 0.947 (0.753-1.190) 0642
22:01-23:00 331/2816 (11.75) 1 [Reference] 1 [Reference] 1 [Reference]
23:01-06:00 361/2939 (12.28) 1.120(0.956-1.320) 0.158 0833(0.720-1.210) 0601 0.931(0.717-1210) 0.592
Sleep duration
({hours)
<7 1217/10628 (11.45) 1.290 (1190-1.380) <0001 1.230(1.120-1.350) <0.001 1.190(1.080-1310) |4 <0.001
7-9 1802/18881 (9.54) 1 [Reference] 1 [Reference] 1 [Reference]
=9 198/1835 (10.80)  1.050 (0.894-1.220)  0.511 1.160(0.933-1.420) 0.176 1.090 (0.881-1.340) 0411
T T T T T
05 1 15 2 25
OR

Figure 5. Association of sleep schedule and duration with kidney stones. Adjusted for: @Model 1: age, sex, race; "Model 2: model 1, marital status, PRI, edu-
cation level, smoking status, alcohol intake, BMI; “Model 3: model 2, hypertension, diabetes, activity.

Sleep quality n (%) Model 18 OR (95%Cl) Pvalue  pModel 2P OR (95%Cl) Pvalue  podel 3¢ OR (95%CI) P Value
Better sleep  805/10060 (8.00) 1 [Reference] 1 [Reference] 1 [Reference] *
Mediate sleep 740/7683 (9.63) 1.240(1.120-1.380) <0.001  1.180(1.040-1.320) 0007  1.140(1.020-1.290) [* 0.026
Poor sleep  528/3549 (14.88) 1.760 (1.560-1.980)  <0.001  1.510(1.410-1.840) <0.001  1.500 (1.310-1.720) —+— <0.001
T T T
05 1 15 2
OR

Figure 6. Association between sleep quality and kidney stones. Adjusted for: @Model 1: age, sex, race; "Model 2: model 1, marital status, PRI, education level,
smoking status, alcohol intake, BMI; °Model 3: model 2, hypertension, diabetes, activity.

6



Yan et al. ¢ Medicine (2024) 103:20

www.md-journal.com

Association between kidney stones and poor sleep factors in sex subgroup.

Male Female
Variables OR (95% ClI) P-value OR (95% Cl) P-value P for interaction
Presleep factors
Difficulty falling asleep 779
No 1 [Reference] 1 [Reference]
Yes 1.700 (1.210,2.370) <.001 1.530 (1.060,2.090) .021
Sleep onset latency (min) .092
<5 1.270 (0.946,1.700) 108 0.836 (0.521,1.300) 443
5-30 1 [Reference] 1 [Reference]
> 30 1.310 (0.914,1.850) 135 1.200 (0.810,1.760) .359
Intra-sleep factors 392
Risk index of OSA
<05 1 [Reference] 1 [Reference]
>0.5 1.388 (1.055,1.827) 019 1.313(0.961,1.795) .087
RLS .061
No 1 [Reference] 1 [Reference]
Yes 1.230 (0.843,1.796) 283 1.947 (1.289,2.940) .002
Difficulty maintaining sleep 554
No 1 [Reference] 1 [Reference]
Yes 1.403 (1.018,1.934) .039 1.407 (0.985,2.009) .061
Post-sleep factors
Daytime sleepiness .084
No 1 [Reference] 1 [Reference]
Yes 1.290 (1.030,1.610) .023 1.580 (1.240,1.990) <.001
NRS 011
No 1 [Reference] 1 [Reference]
Yes 1.132 (0.824,1.556) 443 1.694 (1.195,2.400) .003
Sleep schedule and duration
Waketime .326
00:01-06:00 1.190 (0.856,1.680) 303 1.310 (0.922,1.880) 140
6:01-7:00 1 [Reference] 1 [Reference]
07:01-12:00 1.200 (0.798,1.800) .383 1.000 (0.657,1.530) 982
Bedtime .058
18:01-22:00 0.760 (0.553,1.050) .091 1.200 (0.859,1.690) 289
22:01-23:00 1 [Reference] 1 [Reference]
23:01-06:00 0.870(0.612,1.230) 437 1.010 (0.677,1.500) .966
Sleep duration (hours) 737
<7 1.240 (1.090,1.410) .001 1.120 (0.968,1.290) 127
7-9 1 [Reference] 1 [Reference]
>9 1.140 (0.838,1.530) .388 1.060 (0.776,1.410) 719
Sleep patterns .089
Better sleep 1 [Reference] 1 [Reference]
Mediate sleep 1.100 (0.935,1.280) .258 1.210 (1.010,1.450) .040
Poor sleep 1.430 (1.190,1.720) <.001 1.530 (1.250,1.870) <.001

Adjusted for: age, race, marital status, PRI, education level, smoking status, alcohol intake, BMI, hypertension, diabetes, activity.

NRS = non-restorative sleep, OSA = obstructive sleep apnea, RLS = restless leg syndrome.

cause kidney damage and inflammation, thus accelerating the
formation of kidney stones.*??”) Hypercalcemia as a common
risk factor for RLS and kidney stones may contribute to their
association.?$?%! Besides, renal dysfunction is also considered to
be one of the risk factors for RLS.*% Renal dysfunction caused
by kidney stones may also lead to the association.

Sleep schedule and duration are also important factors
that influence kidney stones. In this study, we have conducted
the first investigation of the correlation between sleep sched-
ule, including wake-up time and bedtime, and the occurrence
of kidney stones. Our results indicate that there is no higher
occurrence of kidney stones among individuals who wake up
early (00:01-06:00), wake up late (07:01-12:00), sleep early
(18:01-22:00), or sleep late (23:01-06:00), when compared
to those with regular wake-up time (6:01-7:00) and bedtime
(22:01-23:00). Although previous studies have suggested a
potential association between staying up late and various
metabolic disorders,*'-331 which may contribute to the devel-
opment of kidney stones, our study did not uncover a signif-
icant correlation between staying up late and kidney stones.
We speculate that individuals with a tendency for late sleep

may also exhibit late rising patterns, and the schedule of sleep
alone may not adequately reflect an individual’s sleep charac-
teristics. Furthermore, we analyzed the relationship between
sleep duration and kidney stones and found that those with
<7 hours of sleep was associated with a greater occurrence of
kidney stones, while those who slept more than 9 hours did
not. Previous studies have also reported similar findings.!"”’ Our
research further suggests that sleep duration, rather than the
schedule of sleep, was significantly related to the occurrence
of kidney stones. We recommend that the optimal sleep dura-
tion is approximately 8 hours because the risk of kidney stones
is lowest at this time. The strong correlation between sleep
duration and kidney stones may be explained by the following
reasons. Firstly, insufficient sleep may lead to endocrine disrup-
tion, including deteriorations in glucose homeostasis.>* A sleep
deprivation test reported that insufficient sleep also affects the
body’s inflammatory response.*”! Inflammation and diabetes
may lead to an increased risk of kidney stones.l**3”! Secondly,
the pain and discomfort caused by kidney stones often make it
difficult for patients to fall asleep, maintain sleep and wake up
early, which may reduce sleep duration.
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Moreover, our study expands upon previous findings by
examining the association between kidney stones and a compre-
hensive assessment of sleep quality rather than focusing solely
on individual sleep characteristics. Our results demonstrate a
significant relationship between poor sleep quality and the
occurrence of kidney stones. Genetic factors may explain the
significant association. Previous studies on sleep and genetics
have demonstrated the presence of a heritable factor in sleep
quality.®® As a complex disease, kidney stone also has certain
genetic factors.”!

This study utilized repeat cross-sectional data obtained
from a nationally representative sample of the adult pop-
ulation in the United States. However, it is important to
acknowledge several limitations associated with the present
investigation. First, causality cannot be established as a result
of the study design’s cross-sectional nature. In this study, we
found that poor sleep factors were significantly associated
with a higher incidence of kidney stones. Metabolic disor-
ders, reduced physical activity, inflammation, and genetic
factors may establish this association. However, the typical
symptom of kidney stones is pain in the kidney area on the
back, which may affect sleep. Second, the assessment of sleep
factors relied on self-reported information, introducing the
potential for recall bias. It is noteworthy that kidney stones
inflict personal discomfort and impose substantial health-
care burdens on communities. Therefore, early identification
and reduction of factors related to the incidence of kidney
stones play a crucial role in the prevention and treatment of
kidney stones.

5. Conclusions

Poor sleep factors are correlated with a higher prevalence of
kidney stones. These sleep factors include presleep factors (diffi-
culty falling asleep, sleep onset latency), intra-sleep factors (risk
index of OSA, restless leg syndrome [RLS], difficulty maintain-
ing sleep), post-sleep factors (daytime sleepiness, non-restorative
sleep [NRS]), sleep schedule and duration, and sleep quality.
The causality between sleep factors and kidney stones requires
further research. Furthermore, it is essential to investigate the
mechanism behind this correlation in order to prevent and treat
kidney stones.
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