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Long sleep duration is associated
with abdominal aortic calcification
among male adults with chronic
kidney disease: NHANES 2013-
2014

Yuhan Wang'?, Xu Liu*?, Jingyi Zhang?, Beini Zhou?, Wuriliga Yue! & Ke Hu®1**

There are no studies exploring the correlation between sleep duration and abdominal aortic
calcification (AAC). This study aims to investigate this relationship and its significance. Additionally,
given the higher prevalence of sleep disorders and AAC in patients with chronic kidney disease

(CKD), we conducted further studies in this population. We analyzed data from the National Health
and Nutrition Examination Survey (NHANES) 2013-2014. Sleep duration was assessed by a sleep
questionnaire and categorized into 2-5, 6-8, and >9 h. The AAC-24 score is determined using the
Kauppila scoring system and used for AAC assessment. Multivariable linear and logistic regression
analysis were used to explore the relationship between sleep duration and AAC. Among the 2,996
participants, 14.29% reported nightly short sleep (2-5 h), 77.64% reported intermediate sleep

(6-8 h), and 8.08% reported long sleep (> 9 h). After adjusting for potential confounding factors,
among male participants with CKD, long sleep (>9 h) significantly increased AAC-24 scores compared
with intermediate sleep (6-8 h) (B: 2.12; 95% Cl: 0.75, 3.50), and the risk of severe AAC (SAAC)

was increased by 1.55 times (OR: 2.55; 95% Cl: 1.02, 6.36). And among female CKD and non-CKD
participants, sleep duration was not associated with AAC. Long sleep duration increases the risk of AAC
among male adults with CKD. Prospective studies are needed to confirm this finding.

Keywords Sleep duration, Abdominal aortic calcification, Chronic kidney disease, Male, Risk factor,
NHANES

Abbreviations

NHANES  National Health and Nutrition Examination Survey
NCHS National Center for Health Statistics

AAC Abdominal aortic calcification

SAAC Severe abdominal aortic calcification

DXA Dual-energy X-ray absorptiometry

CKD Chronic kidney disease

eGFR Estimated glomerular filtration rate

UACR Urine albumin-to-creatinine ratio

Approximately one-third of a person’s life is spent sleeping. As a biological behavior that spans throughout life,
sleep has a profound impact on our well-being!. The World Health Organization reports that sleep disorders
impact an estimated 27% of individuals worldwide, constituting a significant challenge to public health. Both
inadequate and excessive sleep duration are associated with an increased risk of cardiovascular diseases and an
increase in mortality rates>>.

Abdominal aortic calcification (AAC) is a common type of vascular calcification that frequently occurs
as a clinical manifestation of atherosclerosis*®. Emerging evidence suggests that AAC is not only measure of
subclinical cardiovascular disease but may also serve as an independent predictor of cardiovascular events”.
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The incidence of sleep disorders is significantly increased in patients with chronic kidney disease (CKD)°.
Short or long sleep is closely related to the progression of CKD and significantly increases the risk of
cardiovascular disease, which may lead to adverse health outcomes!'®!2 Specifically, sleep disorders may affect
renal and cardiovascular function through a variety of mechanisms, including promoting chronic inflammation,
activating the sympathetic nervous system and the renin-angiotensin-aldosterone system, and inducing
endothelial dysfunction'*-1°. Especially in CKD patients, sleep disorders not only aggravate the decline of renal
function, but may also lead to cardiovascular complications, thus forming a vicious cycle.

In addition, CKD is also thought to play a role in promoting vascular inflammation and calcification, which
may accelerate the progression of atherosclerosis'”. The 2017 update of the KDIGO Chronic Kidney Disease-
Mineral and Bone Disorder (CKD-MBD) guidelines advocates for the employment of abdominal lateral X-rays
for AAC assessment in patients with CKD G3a-G5D!8. Severe AAC (SAAC) correlates with a higher mortality
risk in patients receiving maintenance hemodialysis and is strongly associated with cardiovascular event
incidence in pre-dialysis CKD patients'®?. This suggests that AAC is an important predictor of cardiovascular
events and mortality in the CKD patients.

Abnormal sleep patterns may contribute to an increased risk of arterial calcification via several
mechanisms?!~?°. Although many studies have investigated the association between sleep duration and
coronary, aortic, and carotid artery calcification, the relationship between sleep duration and AAC remains
unexplored?®—3!. Therefore, this study aims to further investigate this relationship using data from the National
Health and Nutrition Examination Survey (NHANES) 2013-2014, particularly focusing on the CKD population.

Methods

Data source

The research population stemmed from the NHANES 2013-2014 database, a nationally representative survey by
the National Center for Health Statistics (NCHS). NHANES is designed to assess the health and nutritional status
of Americans outside of health care settings by interviewing participants about their health status, socioeconomic
status, and other relevant factors. Each cycle consists of a questionnaire and a standardized health examination,
with physical examinations and laboratory tests using mobile testing equipment. Detailed NHANES study
designs and data are available to the public at https://www.cdc.gov/nchs/nhanes/. Our cross-sectional study
adhered to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) Statement.

Study population

Our study population stemmed from the NHANES 2013-2014 database. NHANES 2013-2014 only performed
dual-energy X-ray absorptiometry (DXA) scans on eligible participants aged 40 years and older. The initial
cohort included 10,175 participants. Participants with missing AAC score (1=7035), missing sleep duration
questionnaire responses (n=5), and missing estimated glomerular filtration rate (¢GFR) and urine albumin-
to-creatinine ratio (UACR) date (n=139) were excluded, leaving 2996 participants for the final analysis. The
process of participant inclusion and exclusion is shown in Fig. 1.

Sleep duration

Sleep duration was assessed by the sleep questionnaire, with answer choices spanning from 2 to 11 h, 12 h
or more, rejection or unknown. Adhering to the consensus statement from the American Academy of Sleep
Medicine, we categorized sleep duration into three groups: short sleep (2-5 h), intermediate sleep (6-8 h), and
long sleep (>9 h)?2. The detailed description of the sleep disorders questionnaire is shown in Supplementary
Table 1.

Abdominal aortic calcification

AAC was quantitatively assessed using DXA in participants aged 40 and above. The NHANES Mobile
Examination Center’s certified radiologic technologists performed the scans. Exclusion criteria for these scans
included pregnancy, recent use of radiographic contrast materials (barium), or a bodyweight exceeding 450
pounds. The AAC-24 score is determined using the Kauppila scoring system and used for AAC assessment,
which ranges from 0 to 24. A score of 1 or higher indicates the presence of AAC, while scores > 6 indicate severe
calcification and are classified as SAAC.

Chronic kidney disease

CKD was defined as eGFR below 60 ml/min/1.73 m? and/or UACR > 30 mg/g**. The eGFR was computed using
the CKD-EPI formula, with the UACR calculated by dividing the urinary albumin concentration (in milligrams)
by the urinary creatinine concentration (in grams)**.

Study covariates

Based on previous studies, we considered some potential confounding variables that may affect the association
between sleep duration and AAC in our analyses. These variables include age, gender, race, body mass index,
poverty-income ratio, education level, smoking history, alcohol drinking, hypertension, diabetes, cardiovascular
diseases, chronic kidney disease, sedentary time, eGFR, total cholesterol, high-density lipoprotein cholesterol,
serum total calcium, serum phosphorus, serum total 25-hydroxyvitamin D and neutrophil-to-lymphocyte ratio.
Smoking history was defined as having smoked atleast 100 cigarettes in a lifetime, and alcohol drinking was defined
as having consumed at least 12 drinks of alcohol in any one year. Hypertension and diabetes were determined
based on self-report. Although self-reported hypertension and diabetes do not equate to a formal diagnosis,
they have been validated as screening measures for hypertension and diabetes in epidemiological studies*>~%".
Sedentary time was defined based on the physical activity questionnaire. The diagnosis of cardiovascular
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Fig. 1. Flowchart of participant inclusion and exclusion from NHANES 2013-2014.

disease was determined based on self-reported physician diagnoses obtained through standardized medical
status questionnaires administered in individual interviews. In addition, we also included potentially relevant
laboratory data. The detailed instructions on specimen collection and processing are recorded in the NHANES
laboratory procedure manual, and the quality control conforms to the standard procedure. The detailed
description of the questionnaire is shown in Supplementary Table 1.

Statistical analyses

Baseline characteristics were categorized according to sleep duration and the AAC-24 score. Missing values
in continuous variables are handled using mean substitution, while missing values in categorical variables
are treated as a separate category. Categorical variables were represented by number (percentage, %) while
continuous variables were described by the mean (standard deviation, SD) or median (interquartile range, IQR),
as appropriate. To compare the differences across groups, one-way analyses of variance (normal distribution),
Kruskal-Wallis tests (skewed distribution), and chi-square tests (categorical variables) were undertaken.
Multivariable linear regression analysis was used to investigate the relationship between sleep duration and
the AAC-24 score. Multivariable logistic regression analysis was used to explore the correlation between sleep
duration and SAAC. In addition, subgroup analyses were performed according to CKD (CKD vs. non-CKD),
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with stratified analysis by gender (male vs. female). To assess heterogeneity among subgroups, the interaction
between subgroup and sleep duration was also examined by likelihood ratio testing. In Supplementary Tables 3
and 4, we also show the results of the interaction tests between sleep duration and different eGFR groups in the
CKD participants. All statistical analyses were performed using Free Statistics software (version 1.9.2) and the
R software packages (http://www.R-project.org, The R Foundation). By a two-tailed testing, a p-value of <0.05
was declared significant.

Ethics approval and consent to participate

All participants gave written informed consent, and the NCHS Ethics Review Board (ERB) approved the
NHANES study methods. The NCHS IRB/ERB protocol number for 2013-2014 was #2011-17. Details of the
institutional review boards at CDC and NCHS are available at https://www.cdc.gov/nchs/nhanes/irba98.htm. All
methods of this study were performed in accordance with the principles outlined in the Declaration of Helsinki.
No further institutional review board approval was required for this secondary analysis*. Users can download
the data free of charge for research and publication.

Results

Characteristics of the study population

Among the 2,996 participants (Table 1), the average age was 58.55 +12.00 years, with 48.23% males and 51.77%
females. The ethnic distribution is as follows: Mexican Americans accounted for 13.21%, non-Hispanic whites

Sleep duration, h AAC-24 score
Characteristics Total 2-5h 6-8h >9h P-value | Non-SAAC SAAC P-value
n (%) 2996 428 (14.29) 2326 (77.64) | 242 (8.08) 2732 (91.19) | 264 (8.81)
Age (year), Mean + SD 58.55+12.00 5627+11.16 | 5837+11.94 | 643141225 |<0.001 |57.31+1149 |71.37+9.27 <0.001
Gender, n (%) 0.971 0.864
Male 1445 (4823) | 206 (48.13) 1124 (48.32) | 115 (47.52) 1319 (48.28) | 126 (47.73)
Female 1551 (51.77) | 222(51.87) 1202 (51.68) | 127 (52.48) 1413 (51.72) | 138 (52.27)
Race, n (%) <0.001 <0.001
Mexican American 399 (13.32) 55 (12.85) 318 (13.67) 26 (10.74) 376 (13.76) 23 (8.71)
Other Hispanic 285 (9.51) 52 (12.15) 212 (9.11) 21 (8.68) 274 (10.03) 11 (4.17)
Non-Hispanic White 1324 (44.19) | 141 (32.94) 1049 (45.1) 134 (55.37) 1153 (42.2) 171 (64.77)
Non-Hispanic Black 573 (19.13) 125 (29.21) 408 (17.54) 40 (16.53) 541 (19.8) 32(12.12)
Other 415 (13.85) 55 (12.85) 339 (14.57) 21 (8.68) 388 (14.2) 27 (10.23)
Education < high school, n (%) 684 (22.83) 104 (24.3) 509 (21.88) 71 (29.34) 0.085 | 614 (22.47) 70 (26.52) 0.278
Smoking history, n (%) 1379 (46.03) | 218 (50.93) 1042 (44.8) 119 (49.17) 0.126 | 1221 (44.69) | 158 (59.85) <0.001
Alcohol drinking, n (%) 2018 (67.36) | 277 (64.72) 1573 (67.63) | 168 (69.42) 0412 [ 1835(67.17) | 183 (69.32) 0.324
Hypertension, n (%) 1412 (47.13) | 221 (51.64) 1054 (4531) | 137 (56.61) 0.001 | 1216 (44.51) | 196 (74.24) <0.001
Diabetes, n (%) 487 (16.26) 79 (18.46) 352 (15.13) 56 (23.14) 0.009 | 410 (15.01) 77 (29.17) <0.001
Cardiovascular diseases, n (%) 380 (12.68) 66 (15.42) 271 (11.65) 43 (17.77) 0.003 | 291 (10.65) 89 (33.71) <0.001
Chronic kidney disease, n (%) 630 (21.03) 99 (23.13) 450 (19.35) 81(33.47) <0.001 | 501 (18.34) 129 (48.86) <0.001
Body mass index (kg/m?), Mean % SD 28.4845.56 29.28+5.88 2831547 28.61+5.72 0.004 | 28.60+5.64 27.20+4.38 <0.001
Poverty-income ratio, Mean + SD 2.69+1.58 2.32+1.49 2.78+1.58 2.49+1.63 <0.001 | 2.70+1.58 2.57+1.50 0.196
AAC-24 score, Mean + SD 1.61+3.48 1.38+3.19 1.56+3.43 2474424 | <0.001 | 0.69+1.46 11.18+3.87 <0.001
Sedentary time (min), Mean + SD 410.82+190.59 | 389.29+213.15 | 413.11+186.30 | 426.98+186.85 | 0.023 | 408.57+192.04 | 434.20+173.43 | 0.037
Sleep duration (h), Mean +SD 6.88+1.41 4.53+0.70 7.04+0.80 950+0.80 | <0.001 | 6.84+1.41 7.27+1.39 <0.001
Laboratory measurements
¢GFR (ml/min/1.73m?), Mean + SD 84.62+20.25 85.98+21.22 | 8528+19.53 | 75.84+23.16 |<0.001 |86.18+19.39 |68.51+21.90 | <0.001
UACR (mg/g), median + IQR w2 35()5 A7 . 8%3 (533, . 522)3 (5.00, 171’5? (602, 0.002 ifi()(f"oo’ ;3:;;;7'07’ <0.001
Total cholesterol (mg/dL), Mean + SD 195.03+43.65 |19695+44.03 |19507+43.83 |191.27+41.10 0269 |196.16+43.85 |183.37+39.75 | <0.001
ﬁf}&ﬁfiysgof’mm” cholesterol (mg/ | 540511672 | 51.8241564 | 544821691 | 53.9041646 | 0.010 | 541241673 |5334+16.65 0.470
Serum total calcium (mg/dL), Mean+SD | 9.45+0.37 9.4440.37 9.45+0.36 9.47+0.40 0.639 |9.45+0.37 9.49+0.35 0.137
Serum phosphorus (mg/dL), Mean + SD 3.79+0.57 3.86+0.60 3.78+0.56 3.83+0.58 0.018 | 3.79+0.57 3.87+0.58 0.024
AS/I‘Z;’;”;[S”IS“ZZS'W‘{’”W vitamin D (nmol/L), | 70 4g . g 46 64.59+28.48 | 71.32+429.41 | 72.80+30.58 |<0.001 | 69.53+28.85 |80.37+33.67 | <0.001
Neutrophil-to-lymphocyte ratio, Mean +SD | 2.22+1.30 215133 2224130 2.33+1.26 0219 [2.18+1.26 2.61+1.60 <0.001

Table 1. Characteristics of participants >40 years of age from the NHANES 2013-2014. Significant results
are in bold. AAC abdominal aortic calcification, SAAC severe abdominal aortic calcification, eGFR estimated

glomerular filtration rate, UACR urine albumin-to-creatinine ratio.
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accounted for 44.19%, and non-Hispanic blacks accounted for 19.13%. Educational level shows that 22.83% did
not complete high school education or above. The combined diseases included hypertension (47.13%), diabetes
(16.26%), cardiovascular disease (12.68%) and CKD (21.03%). The average AAC-24 score of the participants
was 1.61 +3.48. In addition, 14.29% reported nightly short sleep (2-5 h), 77.64% reported intermediate sleep
(6-8 h), and 8.08% reported long sleep (>9 h).

Significant variations were observed in the AAC-24 score among the three participant groups with different
sleep durations (p<0.001). In particular, the AAC-24 score was highest in the long sleep (>9 h) group. In
addition, the participants with long sleep (>9 h) were older and had a higher prevalence of hypertension,
diabetes, cardiovascular disease and CKD. Participants in the long sleep (>9 h) group had higher UACR and
serum total 25-hydroxyvitamin D levels, longer sedentary time, and lowest eGFR levels.

In the SAAC group, participants were older on average, had longer sedentary and sleep duration, had more
comorbidities, and were more likely to smoke. Also, there were significant differences between the SAAC group
and the non-SAAC group in lab test results for eGFR, UACR, total cholesterol, serum phosphorus, serum total
25-hydroxyvitamin D and neutrophil-to-lymphocyte ratio (all p <0.05).

Sleep duration and AAC

As shown in Table 2, in unadjusted model 1, long sleep (>9 h) was associated with a higher AAC-24 score
(B: 0.91; 95% CI: 0.45, 1.37) and an increased SAAC risk (OR: 1.84; 95% CI: 1.25, 2.69). However, in adjusted
models 2 and 3, there was no significant difference between sleep duration and the AAC-24 score or SAAC risk
(p>0.05).

Sleep duration, CKD and AAC
Tables 3 and 4 show the adjusted multivariable regression model for subgroup analysis according to the CKD,
with stratified analysis by gender. Among male CKD participants, long sleep (>9 h) was associated with a
high AAC-24 score (B: 2.12; 95% CI: 0.75, 3.50) compared with intermediate sleep (6-8 h), and the risk of
SAAC increased by 1.55 times (OR: 2.55; 95% CI: 1.02, 6.36). In contrast, among female CKD and non-CKD
participants, no significant association was observed between different sleep durations and AAC (all p>0.05).
In addition, there were significant interactions between sleep duration and CKD in the overall population,
especially in male participants but not in female participants (p for interaction <0.05).

Supplementary Tables 2, 3, and 4 showed further subgroup analyses based on eGFR in CKD participants,
with stratified analysis by gender. The results showed that in the adjusted model, there were no significant
interactions between sleep duration and different eGFR subgroups (p for interaction > 0.05).

Discussion

To our knowledge, this study is the first to investigate the association between sleep duration and AAC. We
finally included 2,996 participants and found that long sleep (>9 h) compared with intermediate sleep (6-8 h)
was clinically significantly associated with AAC in male CKD participants. Among female CKD and non-CKD
participants, sleep duration was not associated with AAC.

The relevant research conclusions are not consistent. The Pittsburgh SleepSCORE study indicated no
association between sleep duration or efficiency and coronary artery calcification”’. Similarly, a prospective
cohort study with a median follow-up of 5 years found no link between nighttime or total sleep duration and
the progression of coronary artery calcification®. In contrast, a cohort study from Chicago (the CARDIA
study) observed that longer sleep duration was associated with a reduced incidence of calcification over a
5-year period®. In addition, another cross-sectional study highlighted that both insufficient and excessive sleep
duration contribute to a higher prevalence of coronary artery calcification?.

Sleep duration, h ‘ Model 1 P-value ‘ Model 2 P-value ‘ Model 3 P-value
AAC-24 Score/p (95% CI)

2-5h -0.18 (-0.54, 0.17) 0.315 |0.15(-0.18,0.48) | 0.374 0(-0.33,0.32) 0.99
6-8h Reference Reference Reference

>9h 0.91 (0.45,1.37) | <0.001 | 0.20 (-0.22,0.63) | 0.351 0.04 (-0.38,0.45) | 0.864
SAAC/OR (95% CI)

2-5h 0.68 (0.45, 1.04) 0.073 |0.98 (0.62, 1.55) | 0.925 0.87 (0.54,1.39) | 0.552
6-8h Reference Reference Reference

>9h 1.84 (1.25, 2.69) 0.002 | 1.03 (0.68,1.56) |0.899 | 0.93 (0.6, 1.44) |0.739

Table 2. Association between sleep duration and AAC (AAC-24 score and SAAC). Significant results are in
bold. AAC abdominal aortic calcification, SAAC severe abdominal aortic calcification, CKD chronic kidney
disease, eGFR estimated glomerular filtration rate, f effect size, OR odds ratio, 95% CI 95% confidence interval.
Model 1: no covariates were adjusted. Model 2: adjusted for age, gender and race. Model 3: adjusted for age,
gender, race, body mass index, poverty-income ratio, education level, smoking history, alcohol drinking,
hypertension, diabetes, CKD, cardiovascular diseases, sedentary time, eGFR, total cholesterol, high-density
lipoprotein cholesterol, serum total calcium, serum phosphorus, serum total 25-hydroxyvitamin D and
neutrophil-to-lymphocyte ratio.

Scientific Reports |

(2024) 14:22076 | https://doi.org/10.1038/s41598-024-72879-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Total Male Female
Subgroups | § (95%CI) P-value | P for interaction | § (95%CI) P-value | P for interaction | f (95%CI) P-value | P for interaction
0.011 0.001 0.784
CKD
2-5h 0.33 (-0.66, 1.31) | 0.515 -0.50 (-1.87, 0.88) | 0.478 0.83 (-0.61,2.27) | 0.26
6-8h Reference Reference Reference
>9h 0.63 (-0.42, 1.69) | 0.241 2.12(0.75,3.50) | 0.003 -1.20 (-2.83,0.42) | 0.148
Non-CKD
2-5h -0.07 (-0.38, 0.24) | 0.649 -0.18 (-0.65, 0.28) | 0.446 0.01 (-0.41, 0.44) | 0.951
6-8h Reference Reference Reference
>9h -0.29 (-0.71, 0.14) | 0.183 -0.11 (-0.77,0.55) | 0.74 -0.41 (-0.97,0.15) | 0.15
Table 3. Association between sleep duration and AAC-24 score in CKD and non-CKD subgroups. Significant
results are in bold. AAC abdominal aortic calcification, CKD chronic kidney disease, eGFR estimated
glomerular filtration rate, 8 effect size, 95% CI 95% confidence interval. All subgroups were adjusted for age,
gender, race, body mass index, poverty-income ratio, education level, smoking history, alcohol drinking,
hypertension, diabetes, CKD, cardiovascular diseases, sedentary time, eGFR, total cholesterol, high-density
lipoprotein cholesterol, serum total calcium, serum phosphorus, serum total 25-hydroxyvitamin D, and
neutrophil-to-lymphocyte ratio, except the stratification factor itself.
Total Male Female
Subgroups | OR (95% CI) P-value | P for interaction | OR (95% CI) P-value | P for interaction | OR (95% CI) P-value | P for interaction
0.034 0.023 0.515
CKD
2-5h 1.42 (0.71,2.86) | 0.324 1.25 (0.34, 4.58) | 0.741 1.42 (0.56,3.61) | 0.46
6-8h Reference Reference Reference
>9h 1.39 (0.76, 2.54) | 0.279 2.55 (1.02, 6.36) | 0.044 0.72 (0.27, 1.89) | 0.506
Non-CKD
2-5h 0.55 (0.27, 1.12) | 0.099 0.45 (0.15, 1.35) | 0.153 0.66 (0.25, 1.73) | 0.401
6-8h Reference Reference Reference
>9h 0.59 (0.28, 1.22) | 0.153 0.71(0.25,2.04) | 0.527 0.38 (0.12, 1.21) | 0.102

Table 4. Association between sleep duration and SAAC in CKD and non-CKD subgroups. Significant
results are in bold. SAAC severe abdominal aortic calcification, CKD chronic kidney disease, eGFR estimated
glomerular filtration rate, OR odds ratio, 95% CI 95% confidence interval. All subgroups were adjusted for
age, gender, race, body mass index, poverty-income ratio, education level, smoking history, alcohol drinking,
hypertension, diabetes, CKD, cardiovascular diseases, sedentary time, eGFR, total cholesterol, high-density
lipoprotein cholesterol, serum total calcium, serum phosphorus, serum total 25-hydroxyvitamin D, and
neutrophil-to-lymphocyte ratio, except the stratification factor itself.

It is worth noting that previous studies have not explored high-risk groups for sleep disorders and arterial
calcification. Given the high prevalence of sleep disorders and AAC in CKD patients, we further investigated this
population. Our study found that among male participants with CKD, long sleep (>9 h) was associated with an
increased AAC-24 score, significantly increasing the likelihood of developing AAC. Additionally, the interaction
results also indicated that sleep duration had different effects on AAC between CKD and non-CKD subgroups
among male participants. This observation is particularly significant given the consensus statement from the
American Academy of Sleep Medicine regarding the uncertain health risk of sleeping more than 9 h per night
in certain populations®.

The prevalence of vascular calcification increases with age and varies by gender and racial demographics®.
AAC is one of the common types. Previously deemed benign, recent evidence positions AAC as a significant
predictor of cardiovascular event incidence and mortality®®. Despite the increasing number of pharmacological
interventions aimed at slowing the progression of vascular calcification, effective clinical treatment strategies
remain uncertain®**’. Moreover, vascular calcification is more common and progresses more rapidly in patients
with CKD, especially those undergoing dialysis*!~*3. Studies across Europe and Japan have underscored
the predictive value of AAC for cardiovascular morbidity and mortality in dialysis and pre-dialysis CKD
populations®®**, AAC has been shown to be superior to other forms of arterial calcification in predicting
mortality in peritoneal dialysis patients?>6. Notably, sleep disorders are also very common in patients with
CKD, and a large proportion of patients in the advanced stage or receiving hemodialysis will experience excessive
sleepiness and fatigue*’~.

Our study highlights the clinical significance of investigating the impact of sleep duration on AAC risk,
particularly in CKD patients. As an intervenable behavioral factor, exploring the relationship between sleep
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duration and the risk of AAC can guide us in sleep screening and management in specific populations. Given
the increased frequency and severity of cardiovascular disease in CKD patients, early detection of AAC and
interventions for risk factors are critical®®.

However, the mechanisms underlying the association between long sleep duration and AAC remain largely
unexplored. Long-sleep-associated behavioral risk factors and metabolic syndrome may be involved, including
smoking and drinking, hypertriglyceridemia, low-level HDL, hyperglycemia, and so on?"*!->¢, Additionally,
sleep duration was associated with markers of inflammation®®>”. Excessive sleep duration or daytime sleepiness
and fatigue lead to increased levels of inflammatory markers and cytokines, as evidenced by significantly higher
levels of CRP and IL-6 in individuals who slept longer®*-%. The increase in inflammation and cytokine levels
could potentially play a role in the formation of AAC?%. Notably, the pathophysiological mechanisms of CKD
also involve chronic inflammation, oxidative stress, and endothelial dysfunction®'. CKD patients also have
higher blood phosphorus levels compared to the general population®?-%4. These factors may increase the risk of
AAC in CKD patients with comorbid long sleep.

Our analysis also revealed a gender-specific relationship between sleep duration and AAC. Specifically,
unlike male CKD participants, there was no significant association between sleep duration and AAC risk in
female CKD participants. This gender-specificity suggests that sex hormones might play a moderating role
in this relationship. Prior studies have associated male sex hormones with an increased risk of cardiovascular
calcification, whereas female sex hormones have been acknowledged for their cardioprotective properties®.
Additionally, a cross-sectional study found that longer sleep duration may lead to lower testosterone levels in
middle-aged men®. And lower testosterone levels may increase the risk of arterial calcification in adult men®’.
Nonetheless, additional future studies are needed to further explore the clinical implications of these findings.

Strengths and limitations

The study has several strengths. First, this is the first study to explore the relationship between sleep duration
and AAC. Second, by stratifying CKD participants, our study provides precise guidance for clinical practices
targeting high-risk groups. Third, the inclusion of a racially and ethnically diverse sample of the United States
population enhances the generalizability of our findings. Finally, based on previously published literature, we
adjusted for covariates that might influence our findings wherever possible, thereby improving the reliability of
our results. Overall, our study provides new insights into the effects of long sleep on specific populations and
enriches the current field of research.

Our study also has several limitations. The cross-sectional design limits our capacity to affirm causal
relationships between sleep duration and AAC. The reliance on self-reported sleep duration data introduces
the potential for reporting bias and may not accurately reflect the full spectrum of sleep disorders among
participants, given that the questionnaire focused solely on nighttime sleep and omitted total sleep duration.
Meanwhile, responses to sleep duration in the questionnaire were recorded as integers, which may not accurately
represent the actual sleep duration experienced by the patients. These potential limitations may have introduced
bias in classifying the sleep duration groups. More importantly, the absence of data on self-reported wake and
sleep initiation times also constrains our analysis of the circadian rhythm’s impact on AAC risk. In addition,
the criteria for DXA inclusion being restricted to individuals aged 40 and above narrows the scope of our
findings. Despite adjusting for numerous confounding variables, we cannot discount the possibility of residual
confounding factors influencing our results. It is worth noting that the data used in this study covers the period
from 2013 to 2014, and this time limitation may affect the applicability of our findings to the current situation.
Lastly, prospective studies are still needed to verify whether our conclusions drawn from the NHANES database
can be generalized to other populations and regions.

Conclusions

Our research indicates that long sleep (>9 h) is associated with the risk of AAC in male CKD adults. These
insights underscore the importance of sleep screening and management within CKD care strategies to prevent
potential cardiovascular complications in this population. In addition, these findings highlight the complex
relationship between sleep duration and AAC, especially in male CKD patients, which emphasizes the need
for further prospective studies to validate this conclusion and further elucidate the underlying biological
mechanisms of the association between sleep duration and AAC.

Data availability
Detailed NHANES study designs and data are available to the public at https://www.cdc.gov/nchs/nhanes/.
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